














McDowell & Associates 
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3730 James Savage Road, Midland, MI  48642 
Phone: (989) 496-3610 • Fax: (989) 496-3190 
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Southeast Michigan Office 
21355 Hatcher Avenue, Ferndale, MI  48220 

Phone: (248) 399-2066 • Fax: (248) 399-2157 

 

 

 

    May 1, 2024 
 

Herbert H. and Grace A. Dow Foundation 

1081 Main Street 

Midland, Michigan 48301  Job No. 24-64554 

   

Attention: Ms. Jenee Valasquez  

 

Subject:  Soils Investigation 

  Proposed Dow Gardens Welcome Center 

                             1809 Eastman Avenue 

  Midland, Michigan 

 

Dear Ms. Valasquez: 

 

In accordance with your request, we have made a Soils Investigation at the subject project. 

 

Eleven (11) Soil Test Borings, designated as 1 through 11, were performed at the locations you 

required.  The approximate locations of the borings are shown on the Soil Boring Location Plan 

which accompanies this report.  The borings were advanced to depths of eight feet six inches (8’6”) 

and twenty-five feet six inches (25’6”) below the existing ground surface at the boring locations. 

 

Soil descriptions, groundwater observations, and the results of field and laboratory tests are to be 

found on the accompanying Logs of Soil Test Borings and summary sheet of Sieve Analysis. 

 

The borings encountered eight inches (8”) to one foot one inch (1’1”) of topsoil, asphalt pavement 

and aggregate fill soils consisting of brown sand and gravel, one foot ten inches (1’10”) to five 

feet (5’) of medium compact to compact brown clayey silt and fine sand to fine sand and firm 

brown clayey silt, followed by stiff to very stiff brown to blue silty clay which were found 

throughout the remainder of the borings.  Three inch (3”) to four inch (4”) thick asphalt pavement 

was found at Borings 1, 2, 4 and 6 through 11. 

 

Soils descriptions and depths shown on the boring logs are approximate indications of change from 

one soil type to another and are not intended to represent an area of exact geological change or 

stratification.  Also, the site shows signs of modification which could indicate fill and soil 

conditions different from those encountered at the boring locations.  

 

Water was encountered in Borings 1, 2, 4, 5, 6 and 8 through 11 at depths ranging from nine inches 

(9”) to two feet (2’) below the existing ground surface.  Water was measured upon completion of 

the drilling operation in these borings at depths ranging from two feet (2’) to three feet (3’).  No 

water was encountered in Borings 3 and 7.  It should be noted that short-term groundwater 

observations may not provide a reliable indication of the depth of the water table.  In clay soils this 

is due to the slow rate of infiltration of water into the borehole as well as the potential for water to 
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become trapped in overlying layers of granular soils during periods of heavy rainfall.  Water levels 

in granular soils fluctuate with seasonal and climatic changes as well as the amount of rainfall in 

the area immediately prior to the measurements.  It should be expected that groundwater level 

fluctuations may occur on a seasonal basis and that seams of water-bearing sands or silts could be 

found within the various clay strata at the site. 

 

Standard Penetration Tests were made during sampling using an automatic hammer.  These tests 

indicate the native soils at the site have poor to good strengths and densities.  Tests taken at a depth 

of two feet six inches (2’6”) gave results ranging from 5 to 12 blows per foot.  The five-foot (5’) 

test values varied from 4 to 8 blows per foot.  At a depth of seven feet six inches (7’6”), the results 

ranged from 6 to 9 blows per foot.  At ten feet (10’) and below, penetration indices varied from 4 

to 13 blows per foot.   

 

It is understood that a new welcoming center consisting of buildings and outdoor canopy areas will 

be constructed in the vicinity of Borings 1 through 8.  Buildings will be one story slab-on-grade 

structures.  Maximum building and canopy column loads are anticipated to be 60 kips and 

maximum wall loads on the order of 1 kip per foot.  It appears that new pavements may be required 

for drives and parking areas.  We have assumed the pavements will support mostly automobile 

traffic.  It is not known if the existing pavements at the site will be incorporated into the new 

parking areas and drives. 

 

Based on the project information provided and the results of field and laboratory tests, it is believed 

that the new structures and canopies could be supported by conventional spread or strip footings 

or piers.  All exterior footings or piers or foundations in unheated areas should be constructed at, 

or below, a minimum frost penetration depth of three feet six inches (3’6”) below finished grade.  

All interior and exterior load-bearing footings or piers should extend through non-engineered fill 

soils, soils containing a significant amount of organic substances, or excessively weak soils.  All 

strip footings should be continuously reinforced in order to minimize the noticeable effects of 

differential settlement. 

 

Footings or piers constructed at the following boring locations could be proportioned for the design 

soil pressures listed in the table below: 

 

Boring  Depth  Soil Pressure (psf) 
     

1 1’6” to 2’6” 2000 

 3’0” to 7’6” 2500 

 8’0” to 10’0” 1500 

     

2 1’6” to 6’0” 2500 

 6’6” to 10’0” 3000 

     

3 1’6’ to 4’0” 2000 

 4’6” to 10’0” 3000 

     

4 1’6” to 6’0” 2500 

 6’6” to 10’0” 3000 
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Boring  Depth  Soil Pressure (psf) 

     

5 1’6” to 8’6” 2500 

 9’0” to 10’0” 3500 

     

6 1’6” to 10’0” 2500 

     

7 1’6” to 3’0” 2500 

 3’6” to 5’6” 3000 

 6’0” to 7’0” 2000 

 7’6” to 10’0” 1500 

     

8 1’6” to 10’0” 2500 

 

Based on the above chart, it appears that lower strength soils may be encountered in the vicinity 

of Borings 1 and 7 which may necessitate larger than normal footing or pier sizes at or below 

depths of seven feet six inches (7’6”) and eight feet (8’). 

 

It should be noted that footing or pier excavations may be near, or below, the level at which water 

was encountered in Borings 1, 2, 4, 5, 6 and 8.  Depending upon the depth of the footings or piers 

relative to the existing ground surface and the actual conditions at the time of construction, it may 

be necessary to depress the water table in these locations to allow for footings or piers to be 

constructed.  It is sometimes possible to construct strip footings or piers a foot or so below the 

water table in coarse granular soils using a rapid sequence of excavation and placement of concrete.  

If this is not possible, it may be necessary to use special dewatering techniques to depress the water 

table in the vicinity of this boring.  Extreme care must be exercised during the dewatering operation 

if any nearby structures or utilities are sensitive to settlement.  Care must be taken to minimize the 

removal of soil fines during the pumping operations. 

 

Where footings or piers are to be constructed next to existing buildings, the new footings or piers 

should be constructed at least as deep as the existing footings.  Where new footings or piers are to 

be constructed to greater depths than the existing footings, it may be necessary to underpin the 

existing footing to avoid undermining the structure. 

 

If the possibility of more than normal differential movement can be tolerated, then new slab-on-

grade or slab-supporting backfill could be placed at or near the present grade.  If any existing 

asphalt or concrete pavement is found within the proposed structure areas, it should be either 

removed or thoroughly broken.  If any existing underground utilities are found within the planned 

structure areas, they should be removed and properly backfilled or grouted in place.  Any surficial 

topsoil, highly organic, soft, loose, or obviously objectionable material should be removed and the 

subgrade thoroughly proof-compacted with heavy, rubber-tired equipment.  If during the proof-

compaction operation, areas are found where the soils yield excessively, the yielding materials 

should be scarified, dried and recompacted or removed and replaced with engineered fill.  Where 

fill or backfill is required to raise the subgrade for concrete floors, it is suggested that clean, well-

graded granular soils be used.  If clay material us utilized, it should be placed within 2% of its 

optimum moisture content.  The fill should be deposited in horizontal lifts not to exceed nine inches 
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(9”) in thickness with each lift being compacted uniformly to a minimum density of 95% of its 

maximum value as determined by the Modified Proctor Test (AASHTO T-180 or ASTM D-1557). 

 

If the possibility of more than normal differential movement cannot be tolerated, then any existing 

fill material should be removed and replaced with engineered fill meeting the requirements 

outlined above or the floor slabs should be structurally supported. 

 

If any existing structures or below grade structures are found, they should be entirely removed 

from the proposed structure areas.  Buried utilities should be removed or grouted in place.  In lawn 

or parking areas, any existing structure foundations should be removed to a minimum depth of 

three feet (3’) below finished grade.  The resulting excavation should be backfilled with engineered 

fill meeting the requirements outlined above.  If any existing basement floors are located outside 

of the proposed structures, then they can remain but should be broken up. 

 

It appears that the subgrade soils consist of silt and fine sand soils.  We would expect the silt soils 

to have low California Bearing Ratios (CBRs) on the order of 3% and a modulus of subgrade 

reaction of about one hundred pounds per cubic inch (100pci).  It appears the silt soils have a high 

percentage of silt-size particles which would indicate they would tend to have a severe frost heave 

potential. 

 

Based on the above estimated CBR value, we have made the following pavement analysis.  The 

site soils appear to be very susceptible to frost heave.  Consequently, it is suggested that in areas 

of automobile and light truck traffic, three inches (3”) of asphalt with eight inches (8”) of high 

quality, well-graded granular base course be used.  In the areas subject to a considerable amount 

of truck traffic, it is recommended that the asphalt thickness be increased by a minimum of one- 

and one-half inches (1½”).  In the areas to be paved, the site should be prepared in a manner similar 

to that recommended above.  In addition, the subgrade should be reworked until approximately the 

upper one foot (1’) of the subgrade is compacted to at least 95% of its maximum dry density as 

determined by the Modified Proctor Test.  It is recommended as a minimum that stub drains be 

provided at the storm sewer catch basins to provide some drainage for the pavement base.  The 

subgrade should be properly sloped to allow drainage of surface water.  Eight inches (8”) of 

concrete pavement should be used in the dumpster area and other intensive truck wheel load areas.  

Edge drains should be installed in shallow groundwater areas (shallower than 18”) or in watered 

landscaped areas such as in the vicinity of Borings 1, 2, 4, 5, 6, 8 9, 10 and 11. 

 

Existing pavement materials blanketing some areas of the site were not utilized in our pavement 

design.  These materials may still have a vehicular bearing capacity, and it may be possible to 

incorporate these into the recommended pavement sections.  If it is desired to consider these 

existing surfacing materials, it is suggested that an additional pavement study be performed to 

ascertain the quality and usability of these materials. 

 

Experience indicates that the actual subsoil conditions at the site could vary from those found at 

the test borings made at specific locations.  It is, therefore, essential that McDowell & Associates 

be notified of any variation of soil conditions to determine their effects on the recommendations 

presented in this report.  The evaluations and recommendations presented in this report have been 

formulated on the basis of reported or assumed data relating to the proposed project.  Any 
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significant change in this data in the final design plans should be brought to our attention for review 

and evaluation with respect to the prevailing subsoil conditions. 

 

It is recommended that the services of McDowell & Associates be engaged to observe the soils in 

the footing excavations prior to concreting in order to test the soils for the required bearing 

capacities.  Testing should also be performed to check that suitable materials are being used for 

controlled fills and that they are properly placed and compacted. 

 

If you have any questions or if we can be of any further service, please feel free to call. 

 

   Very truly yours, 

    

McDOWELL & ASSOCIATES 

 

 

 

   Daniel A. Kaniarz, M.S., P.E. 

   Senior Geotechnical Engineer 

DAK/mr 



McDOWELL & ASSOCIATES
Geotechnical, Environmental, & Hydrogeologic Services
21355 Hatcher Avenue  •  Ferndale, MI 48220
Phone: (248) 399-2066 •  Fax: (248) 399-2157

LOG OF SOIL 

BORING NO. 

PROJECT

LOCATION

Penetration

Blows for 6”
Moisture

%

Natural

Wt. P.C.F.
Dry Den

Wt. P.C.F.

Unc. Comp.

Strength PSF.
Str.

%

Sample

& Type Legend SOIL DESCRIPTION

Standard Penetration Test  -  Driving 2” OD Sampler 1’ With

140# Hammer Falling 30”: Count Made at 6” Intervals

TYPE OF SAMPLE

D.       -  DISTURBED

U.L.    -  UNDIST. LINER

S.T.    -  SHELBY TUBE

S.S.    -  SPLIT SPOON

R.C.    -  ROCK CORE

(    )     -  PENETROMETER

REMARKS:

G.W. ENCOUNTERED AT                  

G.W. ENCOUNTERED AT

G.W. AFTER COMPLETION

G.W. AFTER                 HRS. 

G.W. VOLUMES                         

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

JOB NO.

SURFACE ELEV. DATE

Depth

FT.      

    FT.      

    FT.    

    FT.

INS.

    INS.

    INS.

    INS.

GROUND WATER OBSERVATIONS

A

UL

B

UL

C

UL

D

UL

E

UL

F

UL

1

Soils Investigation

Proposed Dow Gardens Welcome Center

1809 Eastman Avenue

Midland, Michigan

24-64554

4/16/2024

2

2          22.7        123                          2690

3                                          *            (2500)

3

2

3          24.8        119

3                                          *            (2500)

2

3          25.1        120                           3330

3                                          *             (3000)

2

2          22.3        123                             950

2

2

3

5

3

3

5

G

UL

2

5

6

1                 6

          3                 0

           Medium

0’3”

 0’8”

 2’6”

 9’0”

13’0”

25’6”

ASPHALT

Moist brown SAND & GRAVEL, aggregate fill

Medium compact moist to wet brown fine SAND 

with trace of silt

Stiff moist brown sandy CLAY

Medium compact wet brown clayey SILT and 

fine SAND

Stiff moist blue silty CLAY with sand and 

pebbles

Notes:

(1) Used automatic hammer.

(2) Patched boring upon completion with

        cold patch asphalt.

*Calibrated Penetrometer



McDOWELL & ASSOCIATES
Geotechnical, Environmental, & Hydrogeologic Services
21355 Hatcher Avenue  •  Ferndale, MI 48220
Phone: (248) 399-2066 •  Fax: (248) 399-2157

LOG OF SOIL 

BORING NO. 

PROJECT

LOCATION

Penetration

Blows for 6”
Moisture

%

Natural

Wt. P.C.F.
Dry Den

Wt. P.C.F.

Unc. Comp.

Strength PSF.
Str.

%

Sample

& Type Legend SOIL DESCRIPTION

Standard Penetration Test  -  Driving 2” OD Sampler 1’ With

140# Hammer Falling 30”: Count Made at 6” Intervals

TYPE OF SAMPLE

D.       -  DISTURBED

U.L.    -  UNDIST. LINER

S.T.    -  SHELBY TUBE

S.S.    -  SPLIT SPOON

R.C.    -  ROCK CORE

(    )     -  PENETROMETER

REMARKS:

G.W. ENCOUNTERED AT                  

G.W. ENCOUNTERED AT

G.W. AFTER COMPLETION

G.W. AFTER                 HRS. 

G.W. VOLUMES                         

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

JOB NO.

SURFACE ELEV. DATE

Depth

FT.      

    FT.      

    FT.    

    FT.

INS.

    INS.

    INS.

    INS.

GROUND WATER OBSERVATIONS

A

UL

B

UL

C

UL

D

UL

E

UL

F

UL

2

Soils Investigation

Proposed Dow Gardens Welcome Center

1809 Eastman Avenue

Midland, Michigan

24-64554

4/19/2024

4

5          13.8        123

5                                          

6

3

3          26.5        119                          2850

3                                          *            (2500)

2

4          24.8        123                           4020

5                                          *             (4000)

3

4     24.5        124                                  

4             *             (3500)

2

3

4

2

3

3

G

UL

2

3

4

1                 6

          2                 0

           Medium

0’3”

 0’8”

 

 3’0”

 

13’0”

25’6”

ASPHALT

Moist brown SAND & GRAVEL, aggregate fill

Compact moist to wet brown fine SAND with 

trace of silt

Stiff moist brown silty CLAY with moist to wet silt 

seams

Stiff moist blue silty CLAY with sand and 

pebbles

Notes:

(1) Used automatic hammer.

(2) Patched boring upon completion with

        cold patch asphalt.

*Calibrated Penetrometer



McDOWELL & ASSOCIATES
Geotechnical, Environmental, & Hydrogeologic Services
21355 Hatcher Avenue  •  Ferndale, MI 48220
Phone: (248) 399-2066 •  Fax: (248) 399-2157

LOG OF SOIL 

BORING NO. 

PROJECT

LOCATION

Penetration

Blows for 6”
Moisture

%

Natural

Wt. P.C.F.
Dry Den

Wt. P.C.F.

Unc. Comp.

Strength PSF.
Str.

%

Sample

& Type Legend SOIL DESCRIPTION

Standard Penetration Test  -  Driving 2” OD Sampler 1’ With

140# Hammer Falling 30”: Count Made at 6” Intervals

TYPE OF SAMPLE

D.       -  DISTURBED

U.L.    -  UNDIST. LINER

S.T.    -  SHELBY TUBE

S.S.    -  SPLIT SPOON

R.C.    -  ROCK CORE

(    )     -  PENETROMETER

REMARKS:

G.W. ENCOUNTERED AT                  

G.W. ENCOUNTERED AT

G.W. AFTER COMPLETION

G.W. AFTER                 HRS. 

G.W. VOLUMES                         

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

JOB NO.

SURFACE ELEV. DATE

Depth

FT.      

    FT.      

    FT.    

    FT.

INS.

    INS.

    INS.

    INS.

GROUND WATER OBSERVATIONS

A

UL

B

UL

C

UL

D

UL

E

UL

F

UL

3

Soils Investigation

Proposed Dow Gardens Welcome Center

1809 Eastman Avenue

Midland, Michigan

24-64554

4/23/2024

2

3          23.7        110

2                                          

3

3

4          26.7        117                          1385

4                                         

2

4          26.1        122                           3090 

5                                          *             (3500)

2

4          26.8        122                           4095

4                                          *             (4000)

2

2

4

2

3

3

G

UL

2

4

4

None

           

 1’0”

 2’6”

 
 

 4’0”

 6’0”

 

13’0”

25’6”

Moist dark brown sandy TOPSOIL

Medium compact moist brown fine SAND with 

trace of silt

Firm moist brown clayey SILT

Compact moist brown clayey SILT & fine SAND

Stiff moist blue silty CLAY with moist silt seams

Stiff moist blue silty CLAY with sand and 

pebbles

Note:   Used automatic hammer.

*Calibrated Penetrometer



McDOWELL & ASSOCIATES
Geotechnical, Environmental, & Hydrogeologic Services
21355 Hatcher Avenue  •  Ferndale, MI 48220
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LOG OF SOIL 

BORING NO. 

PROJECT

LOCATION

Penetration

Blows for 6”
Moisture

%

Natural

Wt. P.C.F.
Dry Den

Wt. P.C.F.

Unc. Comp.

Strength PSF.
Str.

%

Sample

& Type Legend SOIL DESCRIPTION

Standard Penetration Test  -  Driving 2” OD Sampler 1’ With

140# Hammer Falling 30”: Count Made at 6” Intervals

TYPE OF SAMPLE

D.       -  DISTURBED

U.L.    -  UNDIST. LINER

S.T.    -  SHELBY TUBE

S.S.    -  SPLIT SPOON

R.C.    -  ROCK CORE

(    )     -  PENETROMETER

REMARKS:

G.W. ENCOUNTERED AT                  

G.W. ENCOUNTERED AT

G.W. AFTER COMPLETION

G.W. AFTER                 HRS. 

G.W. VOLUMES                         

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

JOB NO.

SURFACE ELEV. DATE

Depth

FT.      

    FT.      

    FT.    

    FT.

INS.

    INS.

    INS.

    INS.

GROUND WATER OBSERVATIONS

A

UL

B

UL

C

UL

D

UL

E

UL

F

UL

4

Soils Investigation

Proposed Dow Gardens Welcome Center

1809 Eastman Avenue

Midland, Michigan

24-64554

4/16/2024

6

5          14.2        126

5                                          

6

3

3          30.2        110

3                                           *             (2500)          

3

4          25.7        121                           3305

5                                          *             (3500)

3

4          20.0        127

6                                          *             (4000)

2

3

4

2

4

4

G

UL

3

4

5

1                 6

         3                 0          

           Medium

0’3”

 1’0”

 

 
 3’6”

 

 

13’0”

25’6”

ASPHALT

Moist brown SAND & GRAVEL, aggregate fill

Compact moist to wet brown SILT & fine SAND

Stiff moist brown silty CLAY with moist to wet silt 

seams

Stiff moist blue silty CLAY with sand and 

pebbles

Notes:  

(1) Used automatic hammer.

(2) Patched boring upon completion with

        cold patch asphalt.

*Calibrated Penetrometer



McDOWELL & ASSOCIATES
Geotechnical, Environmental, & Hydrogeologic Services
21355 Hatcher Avenue  •  Ferndale, MI 48220
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LOG OF SOIL 

BORING NO. 

PROJECT

LOCATION

Penetration

Blows for 6”
Moisture

%

Natural

Wt. P.C.F.
Dry Den

Wt. P.C.F.

Unc. Comp.

Strength PSF.
Str.

%

Sample

& Type Legend SOIL DESCRIPTION

Standard Penetration Test  -  Driving 2” OD Sampler 1’ With

140# Hammer Falling 30”: Count Made at 6” Intervals

TYPE OF SAMPLE

D.       -  DISTURBED

U.L.    -  UNDIST. LINER

S.T.    -  SHELBY TUBE

S.S.    -  SPLIT SPOON

R.C.    -  ROCK CORE

(    )     -  PENETROMETER

REMARKS:

G.W. ENCOUNTERED AT                  

G.W. ENCOUNTERED AT

G.W. AFTER COMPLETION

G.W. AFTER                 HRS. 

G.W. VOLUMES                         

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

JOB NO.

SURFACE ELEV. DATE

Depth

FT.      

    FT.      

    FT.    

    FT.

INS.

    INS.

    INS.

    INS.

GROUND WATER OBSERVATIONS

A

UL

B

UL

C

UL

D

UL

E

UL

F

UL

5

Soils Investigation

Proposed Dow Gardens Welcome Center

1809 Eastman Avenue

Midland, Michigan

24-64554

4/16/2024

2

5          18.2        125

6                                          

5

2

3          13.1        126                           2660

4                                           *            (2500)          

2

3          23.7        123                            

4                                           *             (2500)

3

6          22.9        124                            4600

7                                           *             (5500)

2

2

4

2

4

4

G

UL

2

3

3

1                 6

       12                 6

         2                 6
                  

           Medium

 1’1”

 

 
 3’6”

 6’0” 

 8’6”

 

13’0”

25’6”

Moist dark brown sandy TOPSOIL

Compact moist to wet brown fine SAND with 

trace of silt

Compact wet brown clayey SILT & fine SAND

Stiff moist brown silty CLAY

Very stiff moist brown silty CLAY with moist to 

wet silt seams

Stiff moist blue silty CLAY with sand and 

pebbles

Note:  Used automatic hammer.

*Calibrated Penetrometer



McDOWELL & ASSOCIATES
Geotechnical, Environmental, & Hydrogeologic Services
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LOG OF SOIL 

BORING NO. 

PROJECT

LOCATION

Penetration

Blows for 6”
Moisture

%

Natural

Wt. P.C.F.
Dry Den

Wt. P.C.F.

Unc. Comp.

Strength PSF.
Str.

%

Sample

& Type Legend SOIL DESCRIPTION

Standard Penetration Test  -  Driving 2” OD Sampler 1’ With

140# Hammer Falling 30”: Count Made at 6” Intervals

TYPE OF SAMPLE

D.       -  DISTURBED

U.L.    -  UNDIST. LINER

S.T.    -  SHELBY TUBE

S.S.    -  SPLIT SPOON

R.C.    -  ROCK CORE

(    )     -  PENETROMETER

REMARKS:

G.W. ENCOUNTERED AT                  

G.W. ENCOUNTERED AT

G.W. AFTER COMPLETION

G.W. AFTER                 HRS. 

G.W. VOLUMES                         

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

JOB NO.

SURFACE ELEV. DATE

Depth

FT.      

    FT.      

    FT.    

    FT.

INS.

    INS.

    INS.

    INS.

GROUND WATER OBSERVATIONS

A

UL

B

UL

C

UL

D

UL

E

UL

F

UL

6

Soils Investigation

Proposed Dow Gardens Welcome Center

1809 Eastman Avenue

Midland, Michigan

24-64554

4/16/2024

4

4     19.7        118

4                                          

5

3

3          25.7         122

3                                            *            (2500)          

2

3          25.3        122                            

5                                           *             (3000)

3

3          22.1        128                           2120

3                                           *             (2500)

2

3

4

3

4

4

G

UL

3

5

6

0                 9
       

         2                 6
                  

           Medium

0’3”

 0’9”

 

 
 

 4’6”

 

 

 

13’0”

25’6”

ASPHALT

Moist brown SAND & GRAVEL, aggregate fill

Compact wet brown fine SAND with trace of silt

Stiff moist variegated silty CLAY with moist to 

wet silt seams

Stiff moist blue silty CLAY with sand and 

pebbles

Notes:  

(1) Used automatic hammer.

(2) Patched boring upon completion with 

        cold patch asphalt.

*Calibrated Penetrometer



McDOWELL & ASSOCIATES
Geotechnical, Environmental, & Hydrogeologic Services
21355 Hatcher Avenue  •  Ferndale, MI 48220
Phone: (248) 399-2066 •  Fax: (248) 399-2157

LOG OF SOIL 

BORING NO. 

PROJECT

LOCATION

Penetration

Blows for 6”
Moisture

%

Natural

Wt. P.C.F.
Dry Den

Wt. P.C.F.

Unc. Comp.

Strength PSF.
Str.

%

Sample

& Type Legend SOIL DESCRIPTION

Standard Penetration Test  -  Driving 2” OD Sampler 1’ With

140# Hammer Falling 30”: Count Made at 6” Intervals

TYPE OF SAMPLE

D.       -  DISTURBED

U.L.    -  UNDIST. LINER

S.T.    -  SHELBY TUBE

S.S.    -  SPLIT SPOON

R.C.    -  ROCK CORE

(    )     -  PENETROMETER

REMARKS:

G.W. ENCOUNTERED AT                  

G.W. ENCOUNTERED AT

G.W. AFTER COMPLETION

G.W. AFTER                 HRS. 

G.W. VOLUMES                         

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

JOB NO.

SURFACE ELEV. DATE

Depth

FT.      

    FT.      

    FT.    

    FT.

INS.

    INS.

    INS.

    INS.

GROUND WATER OBSERVATIONS

A

UL

B

UL

C

UL

D

UL

E

UL

F

UL

7

Soils Investigation

Proposed Dow Gardens Welcome Center

1809 Eastman Avenue

Midland, Michigan

24-64554

4/16/2024

2

3          24.4        127                           2470

3                                           *             (2500)

4

2

4          25.0        125

5                                           *             (3500)          

2

3          24.9        122                            3765                            

5                                           *             (3500)

1

2          21.6        127                           

2                                           *             (1500)

2

3

3

3

3

5

G

UL

2

5

5

       

        
                  

           None

0’4”
  

  0’10”

 

 

 3’0”  

 

 

 8’6”

 

13’0”

25’6”

ASPHALT

Moist brown SAND & GRAVEL, aggregate fill

Medium compact moist brown fine SAND with 

trace of silt

Stiff moist brown silty CLAY with moist silt 

seams

Firm moist blue silty CLAY

Stiff moist blue silty CLAY with sand and 

pebbles

Notes:  

(1) Used automatic hammer.

(2) Patched boring upon completion with 

        cold patch asphalt.

*Calibrated Penetrometer



McDOWELL & ASSOCIATES
Geotechnical, Environmental, & Hydrogeologic Services
21355 Hatcher Avenue  •  Ferndale, MI 48220
Phone: (248) 399-2066 •  Fax: (248) 399-2157

LOG OF SOIL 

BORING NO. 

PROJECT

LOCATION

Penetration

Blows for 6”
Moisture

%

Natural

Wt. P.C.F.
Dry Den

Wt. P.C.F.

Unc. Comp.

Strength PSF.
Str.

%

Sample

& Type Legend SOIL DESCRIPTION

Standard Penetration Test  -  Driving 2” OD Sampler 1’ With

140# Hammer Falling 30”: Count Made at 6” Intervals

TYPE OF SAMPLE

D.       -  DISTURBED

U.L.    -  UNDIST. LINER

S.T.    -  SHELBY TUBE

S.S.    -  SPLIT SPOON

R.C.    -  ROCK CORE

(    )     -  PENETROMETER

REMARKS:

G.W. ENCOUNTERED AT                  

G.W. ENCOUNTERED AT

G.W. AFTER COMPLETION

G.W. AFTER                 HRS. 

G.W. VOLUMES                         

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

JOB NO.

SURFACE ELEV. DATE

Depth

FT.      

    FT.      

    FT.    

    FT.

INS.

    INS.

    INS.

    INS.

GROUND WATER OBSERVATIONS

A

UL

B

UL

C

UL

D

UL

E

UL

F

UL

8

Soils Investigation

Proposed Dow Gardens Welcome Center

1809 Eastman Avenue

Midland, Michigan

24-64554

4/19/2024

6

6          13.2        119

5                                          

5

2

3          26.1        122

4                                           *             (2500)          

3

4          25.4        122                           3780                            

5                                           *             (3500)

2

3          21.1        128                           1985                          

3                                           *             (2000)

2

4

5

2

4

4

G

UL

2

3

3

1                 6
       

          2                 0
                  

           Medium

0’4”
  

  0’8”

 

 

 3’0”  

 

 

 

 

13’0”

25’6”

ASPHALT

Moist brown SAND & GRAVEL, aggregate fill

Compact moist to wet brown fine SAND with 

trace of silt

Stiff moist brown silty CLAY with moist to wet 

silt seams

Stiff moist blue silty CLAY with sand and 

pebbles

Notes:  

(1) Used automatic hammer.

(2) Patched boring upon completion with 

        cold patch asphalt.

*Calibrated Penetrometer



McDOWELL & ASSOCIATES
Geotechnical, Environmental, & Hydrogeologic Services
21355 Hatcher Avenue  •  Ferndale, MI 48220
Phone: (248) 399-2066 •  Fax: (248) 399-2157

LOG OF SOIL 

BORING NO. 

PROJECT

LOCATION

Penetration

Blows for 6”
Moisture

%

Natural

Wt. P.C.F.
Dry Den

Wt. P.C.F.

Unc. Comp.

Strength PSF.
Str.

%

Sample

& Type Legend SOIL DESCRIPTION

Standard Penetration Test  -  Driving 2” OD Sampler 1’ With

140# Hammer Falling 30”: Count Made at 6” Intervals

TYPE OF SAMPLE

D.       -  DISTURBED

U.L.    -  UNDIST. LINER

S.T.    -  SHELBY TUBE

S.S.    -  SPLIT SPOON

R.C.    -  ROCK CORE

(    )     -  PENETROMETER

REMARKS:

G.W. ENCOUNTERED AT                  

G.W. ENCOUNTERED AT

G.W. AFTER COMPLETION

G.W. AFTER                 HRS. 

G.W. VOLUMES                         

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

JOB NO.

SURFACE ELEV. DATE

Depth

FT.      

    FT.      

    FT.    

    FT.

INS.

    INS.

    INS.

    INS.

GROUND WATER OBSERVATIONS

A

UL

B

UL

C

UL

9

Soils Investigation

Proposed Dow Gardens Welcome Center

1809 Eastman Avenue

Midland, Michigan

24-64554

4/19/2024

5

6          17.1        122

6                                          

6

2

3          32.1        116

4                                           *             (2500)          

3

4          24.5         ---                                                       

4                                           *             (3000)

1                 6
       

          2                 6
                  

           Medium

0’4”
  

  0’9”

 

 

  

 4’0”

 

 

 8’0”

ASPHALT

Moist brown SAND & GRAVEL, aggregate fill

Compact moist to wet brown fine SAND with 

trace of silt

Stiff moist brown silty CLAY with moist to wet 

silt seams

Notes:  

(1) Used automatic hammer.

(2) Patched boring upon completion with 

        cold patch asphalt.

*Calibrated Penetrometer



McDOWELL & ASSOCIATES
Geotechnical, Environmental, & Hydrogeologic Services
21355 Hatcher Avenue  •  Ferndale, MI 48220
Phone: (248) 399-2066 •  Fax: (248) 399-2157

LOG OF SOIL 

BORING NO. 

PROJECT

LOCATION

Penetration

Blows for 6”
Moisture

%

Natural

Wt. P.C.F.
Dry Den

Wt. P.C.F.

Unc. Comp.

Strength PSF.
Str.

%

Sample

& Type Legend SOIL DESCRIPTION

Standard Penetration Test  -  Driving 2” OD Sampler 1’ With

140# Hammer Falling 30”: Count Made at 6” Intervals

TYPE OF SAMPLE

D.       -  DISTURBED

U.L.    -  UNDIST. LINER

S.T.    -  SHELBY TUBE

S.S.    -  SPLIT SPOON

R.C.    -  ROCK CORE

(    )     -  PENETROMETER

REMARKS:

G.W. ENCOUNTERED AT                  

G.W. ENCOUNTERED AT

G.W. AFTER COMPLETION

G.W. AFTER                 HRS. 

G.W. VOLUMES                         

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

JOB NO.

SURFACE ELEV. DATE

Depth

FT.      

    FT.      

    FT.    

    FT.

INS.

    INS.

    INS.

    INS.

GROUND WATER OBSERVATIONS

A

UL

B

UL

C

UL

10

Soils Investigation

Proposed Dow Gardens Welcome Center

1809 Eastman Avenue

Midland, Michigan

24-64554

4/19/2024

5

5          15.9        123

5                                          

6

3

3          28.0        120                            3375

5                                           *             (3000)          

2

3          25.5       116                                                     

3                                           *             (2500)

1                 0
       

          3                 0
                  

           Medium

0’3”
  

  0’8”

 

 

 3’6” 
 

 

 

 

 8’0”

ASPHALT

Moist brown SAND & GRAVEL, aggregate fill

Compact moist to wet brown fine SAND with 

trace of silt

Stiff  moist brown silty CLAY with moist to wet 

silt seams

Notes:  

(1) Used automatic hammer.

(2) Patched boring upon completion with 

        cold patch asphalt.

*Calibrated Penetrometer



McDOWELL & ASSOCIATES
Geotechnical, Environmental, & Hydrogeologic Services
21355 Hatcher Avenue  •  Ferndale, MI 48220
Phone: (248) 399-2066 •  Fax: (248) 399-2157

LOG OF SOIL 

BORING NO. 

PROJECT

LOCATION

Penetration

Blows for 6”
Moisture

%

Natural

Wt. P.C.F.
Dry Den

Wt. P.C.F.

Unc. Comp.

Strength PSF.
Str.

%

Sample

& Type Legend SOIL DESCRIPTION

Standard Penetration Test  -  Driving 2” OD Sampler 1’ With

140# Hammer Falling 30”: Count Made at 6” Intervals

TYPE OF SAMPLE

D.       -  DISTURBED

U.L.    -  UNDIST. LINER

S.T.    -  SHELBY TUBE

S.S.    -  SPLIT SPOON

R.C.    -  ROCK CORE

(    )     -  PENETROMETER

REMARKS:

G.W. ENCOUNTERED AT                  

G.W. ENCOUNTERED AT

G.W. AFTER COMPLETION

G.W. AFTER                 HRS. 

G.W. VOLUMES                         

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

JOB NO.

SURFACE ELEV. DATE

Depth

FT.      

    FT.      

    FT.    

    FT.

INS.

    INS.

    INS.

    INS.

GROUND WATER OBSERVATIONS

A

UL

B

UL

C

UL

11

Soils Investigation

Proposed Dow Gardens Welcome Center

1809 Eastman Avenue

Midland, Michigan

24-64554

4/19/2024

3

3          21.1         117

3                                          

3

2

2          31.6         114                          1610

2                                           *             (1500)          

3

4          25.1        122                           4095                                                       

6                                           *             (4000)

2                 0
       

          3                 0
                  

           Medium

0’4”
  

  0’9”

 

 

   
 4’0”

 

 6’0”

 

 8’0”

ASPHALT

Moist brown SAND & GRAVEL, aggregate fill

Compact moist to wet brown fine SAND with 

trace of silt

Firm moist brown silty CLAY

Stiff moist brown silty CLAY with moist to wet 

silt seams

Notes:  

(1) Used automatic hammer.

(2) Patched boring upon completion with 

        cold patch asphalt.

*Calibrated Penetrometer



Job No. 24-64554 

 

 

 

SIEVE ANALYSIS 

 

 

Boring 

 

Sample 

 % Passing 

#4 Sieve 

% Passing 

#10 Sieve 

% Passing 

#40 Sieve 

% Passing 

#100 Sieve 

% Passing 

#200 Sieve 

 

2 A 100.0 100.0 94.2 20.3 8.0 

       

4 A 100.0 100.0 98.8 56.0 33.2 

       

5 A 100.0 100.0 94.9 14.3 4.1 

 B 100.0 99.9 98.6 59.4 37.0 

       

6 A 99.8 99.7 98.7 54.1 8.5 

       

8 A 100.0 99.7 94.9 25.6 7.7 

       

9 A 100.0 100.0 96.3 11.2 3.2 

       

10 A 99.7 99.5 95.3 16.1 4.5 

       

11 A 100.0 100.0 99.3 35.3 4.1 

 

 

 

 

 

 





















☐ ☐

☐ ☐ ☐



☐
☐
☐
☐

☐
☐
☐



☐
☐



















































NEW CONSTRUCTION FOR:  PROJECT NO. 2022022

DOW GARDENS WELCOME CENTER

MIDLAND, MICHIGAN                                         

DENSITY AND AGGREGATE TESTING 014516.02 - 1

SECTION 01 45 16.02

DENSITY AND AGGREGATE TESTING

PART 1 - GENERAL

1.01 Work Included

This work includes material testing of soil, aggregates, stabilized mixtures, and pulverized 

pavement mixtures.

1.02 References

A. Michigan Department of Transportation 2020 Standard Specifications for Construction

B. Michigan Department of Transportation Density Testing and Inspection Manual

C. Michigan Department of Transportation Procedures for Aggregate Inspection

D. Michigan Test Methods (MTM)

1.03 Related Work

A. Section 31 23 01 � Excavating, Filling, and Grading

B. Section 32 11 16 � Granular Subbase

C. Section 32 11 23 � Aggregate Base

D. Section 32 12 16 � HMA Paving

E. Section 33 11 00 � Water Main

F. Section 33 31 00 � Sanitary Sewer

G. Section 33 44 00 � Storm Sewers

H. Section 33 46 16 � Underdrains

1.04 Quality Assurance and Quality Control

A. Soil and Aggregate Density Testing

1. The Owner is responsible for all onsite density testing on this project. The Owner has the 

right to determine which materials shall be tested and the frequency of testing.

B. Sand and Aggregate Gradation

The Contractor is to supply sand and aggregates in the Michigan Department of 

Transportation gradations, as specified by the project specifications.

Contractors are encouraged to use �prequalified� Michigan Department of Transportation 

aggregate sources. If the Contractor elects to use a non-prequalified source, then the 

Contractor shall be responsible for supplying the Engineer with Sieve Analysis (MTM109) and 

Loss by Washing (MTM108) at the following rates:



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022

DOW GARDENS WELCOME CENTER

MIDLAND, MICHIGAN                                         

DENSITY AND AGGREGATE TESTING 014516.02 - 2

Coarse Aggregates 1 per 1,000 tons

Dense-Graded Aggregates 1 per 1,000 tons

Open-Graded Aggregates 1 per 1,000 tons

Granular Material Class I 1 per 1,000 tons

Granular Material Class II and IIA 1 per 3,000 cubic yards

Granular Material Class III 1 per 10,000 cubic yards

Fine Aggregate 1 per 1,000 tons

All Sieve Analysis and Loss by Washing reports shall be signed and sealed by a Professional 

Engineer.

1.05 Job Conditions

A. Access for Testing

The Contractor shall provide the Engineer safe access for testing technicians to complete any 

required testing. Reasonable time for testing shall be allowed by the Contractor.

B. Safety

The Contractor is responsible for conducting operations in a safe and orderly manner and in 

conformance with MIOSHA P.A. 154.

PART 2 - PRODUCTS

2.01 Submittals

The Contractor shall submit a Quality Control Testing plan to be approved by the Engineer. The 

Quality Control Testing plan shall include, at a minimum, the company performing the testing, 

certifications, equipment calibration reports, frequency of testing, procedure for notifying the 

Engineer if tests fail to meet specifications, corrective action plan, and sample form that will be 

used to document material testing results. The Contractor shall submit the approved form 

documenting results within three days of material testing.

PART 3 - EXECUTION

3.01 Minimum Percent of Compaction for Aggregates

The following are a minimum percent compaction for typical items of work. Note: Higher percent 

compaction may be required for specific items of work, see Section 3.06.03.B of the Michigan 

Department of Transportation 2020 Standard Specifications for Construction for those items.

A. Original Ground

Road Embankment Areas 90 percent

Bridges � within the limits as shown on the plans 95 percent

B. Cut Areas

Cuts requiring Sand Subbase 95 percent

Cuts not requiring Sand Subbase 95 percent



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022

DOW GARDENS WELCOME CENTER

MIDLAND, MICHIGAN                                         

DENSITY AND AGGREGATE TESTING 014516.02 - 3

Subgrade for HMA Base, Aggregate Base, and Concrete Widening 95 percent

Trenches for under HMA Shoulders 98 percent*

C. Embankments and Backfill

Regular 95 percent*

(within top 3 feet)

Abutments with Piling 95 percent

Abutments without Piling 100 percent

Foundation Undercut Backfill 100 percent

Backfill for Bridges, Culverts, Utilities, Manholes, Catch Basins,

Edge Drains, and Subgrade Undercuts 95 percent

Foundations and Miscellaneous Structures 95 percent

D. Pavement Structure

Subbase 95 percent*

Subbase for Slope Paving 90 percent

Aggregate Base under Concrete Pavement 95 percent*

Aggregate Base under HMA Pavement 98 percent*

Pulverized HMA Aggregate Base 98 percent

Recycled Concrete Aggregate Base � under Concrete Pavement 95 percent

Recycled Concrete Aggregate Base � under HMA Pavement 98 percent

Aggregate Base � Sleeper Slab and Bridge Approach 98 percent

Shoulders � Class I 98 percent*

Shoulders � Class II, III, and IV 95 percent*

Aggregate Surface 95 percent*

OGDC � used under Concrete and HMA Pavement 95 percent*

OGDC � used under Concrete and HMA Pavement (recycled material) 98 percent*

* May NOT exceed optimum moisture

3.02 HMA Density

The density control target, �Theoretical Maximum Density� (TMD) for HMA shall be calculated 

using the Gmm from the Contractors approved HMA mix design. TMD = Gmm X 62.4.

HMA Base Course 92 percent to 98 percent

HMA Leveling Course 92 percent to 98 percent

HMA Top Course 92 percent to 98 percent

The HMA layer must meet the required density target before the succeeding lift or traffic is placed 

on the pavement.

3.03 Testing Frequency

Each layer must be tested and meet compaction requirements before the succeeding layer is 

placed. The Engineer will test at a rate that is warranted for field conditions and Contractor means 

and methods. The list of frequencies below are minimums.



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022

DOW GARDENS WELCOME CENTER

MIDLAND, MICHIGAN                                         

DENSITY AND AGGREGATE TESTING 014516.02 - 4

Subgrade 1 test per 500 feet per width of 24 feet or less

Embankment 1 test per 1,000 cubic yards of material 

and every lift

Subbase 1 test per 500 feet per width of 24 feet or less

Backfill 1 test per 300 cubic yards of material

Aggregate Base Course 1 test per 500 feet per width of 24 feet or less

HMA Mixtures 1 test per 500 feet per width of 24 feet or less

Shoulders 1 test per 1,000 feet each side

Sleeper Slab 1 test per bridge approach per stage

Foundations and Miscellaneous Structures 1 test per 1-foot lift or per 300 cubic yards

Trenching 1 test per 1,000 feet each side

3.04 Compaction Efforts

The Contractor shall continue to make compaction efforts to obtain the minimum standards given 

within this specification upon notification of a failing test. A passing test is required at every 

location of a failing test prior to starting the next related item of work.

***END OF SECTION***



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022

DOW GARDENS WELCOME CENTER

MIDLAND, MICHIGAN                                         

EXPLORATORY EXCAVATION 023219 - 1

SECTION 02 32 19

EXPLORATORY EXCAVATION

PART 1 - GENERAL

1.01 Work Included

This work consists of providing all labor, equipment, and materials required to excavate an 

exploratory hole to expose existing utilities to verify location, material, and size of pipe in 

accordance with Section 205 of the Michigan Department of Transportation 2020 Standard 

Specifications for Construction.

PART 2 - PRODUCTS

2.01 Materials

Excavated material from the hole may be used to backfill the trench, unless the Engineer directs 

otherwise.

PART 3 - EXECUTION

3.01 Excavation

Contact the MISS DIG system a minimum of three full working days prior to beginning this work. 

Excavate exploratory hole, as required, to gather necessary information on the existing utility and 

as directed by the Engineer in the field. In order to not damage the existing utility, portions of the 

exploratory hole may need to be hand excavated. Any damaged utilities shall be repaired at the 

Contractor�s expense.

The Contractor shall provide sufficient barricades and fences to protect pedestrians and vehicles 

from hazardous areas.

***END OF SECTION***



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022

DOW GARDENS WELCOME CENTER

MIDLAND, MICHIGAN                                         

PAVEMENT REMOVAL 024113.13 - 1

SECTION 02 41 13.13

PAVEMENT REMOVAL

PART 1 - GENERAL

1.01 Work Included

This work includes removal of an existing pavement, including streets, driveways, sidewalks, curb 

and/or gutter, and parking areas. For purposes of the work "pavement removal", pavement 

material may include HMA, concrete, brick, or any combination thereof, including any 

reinforcement materials.

PART 2 - PRODUCTS

Not Applicable

PART 3 - EXECUTION

3.01 Limits of Removal

Pavement shall be removed to the limits shown on the plans, or as directed by the Engineer in the 

field. Where pavement is to be removed to allow for the construction of utilities or other 

improvements, pavement shall be removed to the limits required for their construction.

3.02 Pavement Removal (Including Curb and Gutter Removal)

Pavement shall be removed to an existing joint or to a sawed joint. An existing crack is not suitable 

for the limit of removal. Sawed joints for pavement removal are to be either parallel or 

perpendicular to the longitudinal centerline. Sawed joints shall extend substantially through the 

full thickness of the pavement so that a "clean break" is made and that the adjacent pavement or 

structures that are to remain are not damaged. If adjacent pavement or structures that are to 

remain are damaged as a result of the Contractor's removal operations, they shall be replaced to 

the Owner's satisfaction at the Contractor's expense.

Curb and gutter removal shall be as directed by the Engineer. The Contractor shall sawcut existing 

curb and/or gutter perpendicular to and completely through the existing concrete.

Broken concrete, HMA, brick, and other debris resulting from pavement removal operations shall 

become the Contractor's property and disposed of properly.

Where pavements are encountered that are composed of more than one material or multiple 

courses of the same material, the pavement shall be removed in its entirety and all components 

shall be considered part of the same pavement area.

The Contractor shall provide sufficient barricades and fences to protect pedestrians and vehicles 

from hazardous areas.

***END OF SECTION***













NEW CONSTRUCTION FOR:  PROJECT NO. 2022022

DOW GARDENS WELCOME CENTER

MIDLAND, MICHIGAN                                         

NON-HAZARDOUS CONTAMINATED MATERIAL DISPOSAL 026100 - 1

SECTION 02 61 00

NON-HAZARDOUS CONTAMINATED MATERIAL DISPOSAL

PART 1 - GENERAL

1.01 Work Included

This work includes all labor, equipment, and materials necessary to handle, transport, and dispose 

of the non-hazardous contaminated material, including any and all laboratory testing required for 

the proper disposal of the material.

1.02 References

A. Hazardous Waste Management Act, Act 64, P.A. 1979

1.03 Related Work

A. Section 31 23 01 � Excavating, Filling, and Grading

1.04 Submittals

A. Disposal Facility

The Contractor shall provide the Engineer with the name and address of the Type II Sanitary 

Landfill which is proposed for disposal of contaminated non-hazardous material. The 

Contractor shall indicate if the proposed landfill is included in the county�s solid waste disposal 

plan.

B. Composition Analysis

The Contractor shall provide the Engineer with the results of composition testing completed 

on any material potentially considered contaminated non-hazardous material.

PART 2 - PRODUCTS

Not Applicable

PART 3 - EXECUTION

3.01 Excavation of Non-Hazardous Contaminated Material

Non-hazardous contaminated material shall be excavated as shown on the plans or as directed by 

the Engineer.

3.02 Temporary Storage of Non-Hazardous Contaminated Material

Excavated non-hazardous contaminated material, which is to be temporarily stockpiled, shall be 

placed on plastic sheeting or tarps having a minimum thickness of 6 mils or in trucks, roll off boxes, 

or other containers, such that no liquid may escape from the containment. At the end of each 

work day, the non-hazardous contaminated material shall be covered securely with plastic 

sheeting of 6-mil thickness or greater.
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Excavated non-hazardous material shall be disposed of as soon as approval is received from the 

disposal site. In no case shall this material be stockpiled for longer than 30 days prior to disposal.

3.03 Sampling and Analysis of Non-hazardous Contaminated Material

The Contractor shall be responsible for all sampling and analysis required for disposal of non-

hazardous contaminated material, as required by the proposed disposal facility.

If the results of the analysis show the material to be hazardous, as defined by the Hazardous 

Waste Management Act, Act 64, P.A. 1979, the Engineer shall be notified immediately. The 

material shall then be disposed of as directed by the Engineer.

3.04 Disposal of Non-hazardous Contaminated Material

Disposal of non-hazardous contaminated material shall be at a licensed Type II Sanitary Landfill. 

The Contractor shall provide the Engineer the name of the Type II Sanitary Landfill to be used for 

disposal, the sampling analysis requirements of that landfill, and verification that the proposed 

landfill will meet the requirements of the county solid waste plan.

The Contractor shall provide a copy of the laboratory analysis to the Engineer. Following disposal 

and prior to approval for payment, the Contractor shall provide landfill receipts to the Engineer 

for all disposed non-hazardous contaminated material.

***END OF SECTION***
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and General Provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to work of this 
Section. 

1.2 SUMMARY 

A. This Section includes mechanical general administrative and procedural requirements. 
The following requirements are included in this Section to supplement the 
requirements specified in Division 01 Specification Sections. 

1.3 INDUSTRY STANDARDS 

A. Applicability of Standards: Unless the Contract Documents include more stringent 
requirements, applicable construction industry standards have the same force and 
effect as if bound or copied directly into the Contract Documents to the extent 
referenced. Such standards are made a part of the Contract Documents by reference. 

1. AABC - Associated Air Balance Council; www.aabc.com. 
2. AASHTO - American Association of State Highway and Transportation Officials; 

www.transportation.org. 
3. ABMA - American Bearing Manufacturers Association; 

www.americanbearings.org. 
4. ABMA - American Boiler Manufacturers Association; www.abma.com. 
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5. AGA - American Gas Association; www.aga.org. 
6. AHRI - Air-Conditioning, Heating, and Refrigeration Institute (The); 

www.ahrinet.org. 
7. AMCA - Air Movement and Control Association International, Inc.; 

www.amca.org. 
8. ANSI - American National Standards Institute; www.ansi.org. 
9. ASHRAE - American Society of Heating, Refrigerating and Air-Conditioning 

Engineers; www.ashrae.org. 
10. ASME - ASME International; (American Society of Mechanical Engineers); 

www.asme.org. 
11. ASSE - American Society of Sanitary Engineering; www.asse-plumbing.org. 
12. ASTM - ASTM International; www.astm.org. 
13. AWS - American Welding Society; www.aws.org. 
14. AWWA - American Water Works Association; www.awwa.org. 
15. CDA - Copper Development Association; www.copper.org. 
16. CGA - Compressed Gas Association; www.cganet.com. 
17. CISPI - Cast Iron Soil Pipe Institute; www.cispi.org. 
18. CSA - CSA International; (Formerly: IAS - International Approval Services); 

www.csa-international.org. 
19. CSI - Construction Specifications Institute (The); www.csiresources.org. 
20. CTI - Cooling Technology Institute; (Formerly: Cooling Tower Institute); 

www.cti.org. 
21. FM Approvals - FM Approvals LLC; www.fmglobal.com. 
22. HI - Hydraulic Institute; www.pumps.org. 
23. ICC - International Code Council; www.iccsafe.org. 
24. IEEE - Institute of Electrical and Electronics Engineers, Inc. (The); www.ieee.org. 
25. IGSHPA - International Ground Source Heat Pump Association; 

www.igshpa.okstate.edu. 
26. Intertek - Intertek Group; (Formerly: ETL SEMCO; Intertek Testing Service NA); 

www.intertek.com. 
27. MSS - Manufacturers Standardization Society of The Valve and Fittings Industry 

Inc.; www.mss-hq.org 
28. NADCA - National Air Duct Cleaners Association; www.nadca.com. 
29. NAIMA - North American Insulation Manufacturers Association; www.naima.org. 
30. NEBB - National Environmental Balancing Bureau; www.nebb.org. 
31. NECA - National Electrical Contractors Association; www.necanet.org. 
32. NEMA - National Electrical Manufacturers Association; www.nema.org. 
33. NETA - InterNational Electrical Testing Association; www.netaworld.org. 
34. NFPA - National Fire Protection Association; www.nfpa.org. 
35. NSF - NSF International; www.nsf.org. 
36. NSPE - National Society of Professional Engineers; www.nspe.org. 
37. SMACNA - Sheet Metal and Air Conditioning Contractors' National Association; 

www.smacna.org. 
38. STI - Steel Tank Institute; www.steeltank.com. 
39. TEMA - Tubular Exchanger Manufacturers Association, Inc.; www.tema.org. 
40. UL - Underwriters Laboratories Inc.; www.ul.com. 
41. USGBC - U.S. Green Building Council; www.usgbc.org. 

B. Publication Dates: Comply with standards in effect as of date of the Contract 
Documents unless otherwise indicated. 

C. Copies of Standards: Each entity engaged in construction on Project should be familiar 
with industry standards applicable to its construction activity. Copies of applicable 
standards are not bound with the Contract Documents. 

1. Where copies of standards are needed to perform a required construction 
activity, obtain copies directly from publication source. 
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1.4 PERFORMANCE REQUIREMENTS 

A. Systems Components Pressure and Temperature Ratings: Not less than indicated and 
as required for system pressures and temperatures. 

1.5 QUALITY ASSURANCE 

A. Scope of Work: Furnish all labor, material, equipment, technical supervision, and 
incidental services required to complete, test and leave ready for operation the 
mechanical systems as specified and as indicated on Drawings. 

1. Contract Documents are complimentary, and what is required by one shall be as 
binding as if required by all.  In the event of inconsistencies or disagreements 
within the Construction Documents bids shall be based on the most expensive 
combination of quality and quantity of the work indicated. 

B. Ordinances and Codes: Perform all Work in accordance with applicable Federal, State 
and local ordinances and regulations, the Rules and Regulations of ASHRAE, NFPA, 
SMACNA and UL, unless otherwise indicated. 

1. Notify the Architect/Engineer in writing before submitting a proposal should any 
changes in Drawings or Specifications be required to conform to the above 
codes, rules or regulations. 

2. If the Contractor performs any work knowing it to be contrary to such laws, 
ordinances, rules and regulations, and without notice to A/E, the Contractor shall 
bear all costs arising from corrective measures. 

C. Source Limitations: Obtain equipment and other components of the same or similar 
systems through one source from a single manufacturer. 

D. Tests and Inspections: Perform all tests required by state, city, county and/or other 
agencies having jurisdiction. Provide all materials, equipment, etc., and labor required 
for tests. 

E. Performance Requirements: Perform all work in a first class and workmanlike manner, 
in accordance with the latest accepted standards and practices for the trades involved. 

F. Sequence and Schedule: Perform work to avoid interference with the work of other 
trades. Remove and relocate work which in the opinion of the Owner’s Representatives 
causes interference. 

G. Labeling Requirement for Packaged Equipment: Electrical panels on packaged 
mechanical equipment shall bear UL label or label of other Nationally Recognized 
Testing Laboratory (NRTL) (Intertek, CSA, etc.). 

1.6 CODES, PERMITS AND FEES 

A. Unless otherwise indicated, all required permits, licenses, inspections, approvals and 
fees for Mechanical Work shall be secured and paid for by the Contractor. All Work 
shall conform to all applicable codes, rules and regulations. 

B. Rules of local utility companies shall be complied with. Check with each utility 
company supplying service to the installation and determine all devices including, but 
not limited to, all valves, meter boxes, and meters which will be required and include 
the cost of all such items in proposal. 
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C. All work shall be executed in accordance with the rules and regulations set forth in 
local and state codes. Prepare any detailed drawings or diagrams which may be 
required by the governing authorities. Where the drawings and/or specifications 
indicate materials or construction in excess of code requirements, the drawings and/or 
specifications shall govern. 

D. Refer to Division 22 Section “Domestic Water Piping” for purchase and installation of 
potable water meters. 

1.7 DRAWINGS 

A. The drawings show the location and general arrangement of equipment, piping and 
related items. They shall be followed as closely as elements of the construction will 
permit. 

B. Examine the drawings of other trades and verify the conditions governing the work on 
the job site. Arrange work accordingly. Provide fittings, valves, and accessories as 
required to meet actual conditions. 

C. Deviations from the drawings, with the exception of minor changes in routing and 
other such incidental changes that do not affect the functioning or serviceability of 
the systems, shall not be made without the written approval of the Architect/Engineer. 

D. The Architectural and Structural Drawings take precedence in all matters pertaining 
to the building structure, Mechanical Drawings in all matters pertaining to Mechanical 
Trades and Electrical Drawings in all matters pertaining to Electrical Trades. Where 
there are conflicts or differences between the drawings for the various trades, report 
such conflicts or differences to the Architect/Engineer for resolution. 

E. Drawings are not intended to be scaled for rough-in or to serve as shop drawings. Take 
all field measurements required to complete the Work. 

1.8 MATERIAL AND EQUIPMENT MANUFACTURERS 

A. Equipment: All items of equipment shall be furnished complete with all accessories 
normally supplied with the catalog items listed and all other accessories necessary for 
a complete and satisfactory operating system. All equipment and materials shall be 
new and shall be standard products of manufacturers regularly engaged in the 
production of plumbing, heating, ventilating and air conditioning equipment and shall 
be the manufacturer's latest design. 

B. If an approved manufacturer is other than the manufacturer used as the basis for 
design, the equipment or product provided shall be equal in size, quality, durability, 
appearance, capacity, and efficiency through all ranges of operation, shall conform 
with arrangements and space limitations of the equipment shown on the plans and/or 
specified, shall be compatible with the other components of the system and shall 
comply with the requirements for Items Requiring Prior Approval specified in this 
section of the Specifications. All costs to make these items of equipment comply with 
these requirements including, but not limited to, piping, sheet metal, electrical work, 
and building alterations shall be included in the original Bid. 

C. All package unit equipment and skid mounted mechanical components that are 
factory assembled shall meet, in detail, the products named and specified within each 
section of the Mechanical and Electrical Specifications. 
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D. Changes Involving Electrical Work: The design of the mechanical systems is based on 
the equipment scheduled on the Drawings. Equipment of higher electrical 
characteristics may be furnished provided such proposed equipment is approved in 
writing and connecting electrical services, circuit breakers, and conduit sizes are 
appropriately modified with no additional cost to project. If minimum energy ratings 
or efficiencies are specified, equipment shall comply with requirements. 

1. Where equipment changes are made that involve additional Electrical Work 
(larger size motor, additional wiring of equipment, etc.) the Mechanical Trades 
involved shall compensate the Electrical Trades for the cost of the additional 
Work required. 

1.9 INSPECTION OF SITE 

A. Visit the site, examine and verify the conditions under which the Work must be 
conducted before submitting Proposal. The submitting of a Proposal implies that the 
Contractor has visited the site and understands the conditions under which the Work 
must be conducted. No additional charges will be allowed because of failure to make 
this examination or to include all materials and labor to complete the Work. 

B. No contract sum adjustments or contract time extensions will be made for Contractor 
claims arising from conditions which were or could have been observable, 
ascertainable or reasonably foreseeable from a site visit or inquiry into local conditions 
affecting the execution of the work. 

1.10 ITEMS REQUIRING PRIOR APPROVAL 

A. Bids shall be based upon manufactured equipment specified. All items that the 
Contractor proposes to use in the Work that are not specifically named in the Contract 
Documents must be submitted for review prior to bids. Such items must be submitted 
in compliance with Division 01 specifications. Requests for prior approval must be 
accompanied by complete catalog information, including but not limited to, model, 
size, accessories, complete electrical information and performance data in the form 
given in the equipment schedule on the drawings at stated design conditions. Where 
items are referred to by symbolic designations on the drawings, all requests for prior 
approval shall bear the same designations. 

1. Equipment to be considered for prior approval shall be equal in quality, 
durability, appearance, capacity and efficiency through all ranges of operation, 
shall fulfill the requirements of equipment arrangement and space limitations of 
the equipment shown on the plans and/or specified and shall be compatible with 
the other components of the system. 

2. All costs incurred to make equipment comply with other requirements, including 
providing maintenance, clearance, piping, sheet metal, electrical, replacement of 
other components, and building alterations shall be included in the original bid. 

B. Voluntary alternates may be submitted for consideration, with listed addition or 
deduction to the bid, but will not affect the awarding of the contract. 

1.11 ACTION SUBMITTALS 

A. Submit for review in compliance with Division 01. 
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B. Equipment and material submittals required are indicated in the Mechanical; Fire 
Suppression; Plumbing; and Heating, Ventilating and Air Conditioning Sections. Refer 
to Division 01 for submittal quantities. 

C. Submittals shall be in groupings of similar or related items. Plumbing fixture submittals 
shall be in one package including all fixtures intended to be used for this project. 
Incomplete submittal groupings will be returned “Rejected”. Submit product data with 
identification mark number or symbol numbers as specified or scheduled on the 
Mechanical Drawings. 

D. Submittals shall be project specific. Standard detail drawings and schedule not clearly 
indicating which data is associated with this Project will be returned “Rejected”. 

E. If deviations (not substitutions) from Contract Documents are deemed necessary by 
the Contractor, details of such deviations, including changes in related portions of the 
project and the reasons therefore, shall be included with the submittal for approval.  

1.12 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: 

1. Prepare shop drawings to scale for the Architect/Engineer for review. 
2. Shop drawings shall be reviewed by the Mechanical Contractor for completeness 

and accuracy prior to submitting to the Architect/Engineer for review. The shop 
drawings shall be dated and signed by the Mechanical Contractor prior to 
submission. 

3. No equipment shall be shipped from stock or fabricated until shop drawings for 
them have been reviewed by the Architect/Engineer. Review is only for general 
conformance with the design concept of the project and general compliance 
with the information given in the Contract Documents. Any action indicated is 
subject to the requirement of the plans and specifications. 

a. By the review of shop drawings, the Architect/Engineer does not assume 
responsibility for actual dimensions or for the fit of completed work in 
position, nor does such review relieve Mechanical Trades of full 
responsibility for the proper and correct execution of the work required. 

b. Contractor is responsible for: 

1) Dimensions, which shall be confirmed and correlated at the job site. 
2) Fabrication processes and techniques of construction. 
3) Quantities. 
4) Coordination of Contractor’s work with all other trades. 
5) Satisfactory performance of Contractor’s work. 
6) Temporary aspects of the construction process. 

4. Submit detailed shop drawings of piping systems showing pipe routing and 
types and locations of all pipe hangers. 

B. Coordination Drawings: 

1. Submit project specified coordination drawings for review in compliance with 
Division 01 Specification Sections. 

1.13 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Instructional Manuals: 
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1. Submit project specific Operation and Maintenance Instructional Manuals for 
review in compliance with Division 01 Specification Sections. 

2. Provide complete operation and maintenance instructional manuals covering all 
mechanical equipment herein specified, together with parts lists. Maintenance 
and operating instructional manuals shall be job specific to this project. Generic 
manuals are not acceptable. One copy of all manuals shall be furnished for 
Owner. Maintenance and operating instructional manuals shall be provided when 
construction is approximately 75 percent complete. 

3. Format:  Submit operation and maintenance manuals in the following format: 

a. PDF electronic file. Assemble each manual into a composite electronically 
indexed file. Submit on digital media acceptable to Architect. 

1) Name each indexed document file in composite electronic index with 
applicable item name. Include a complete electronically linked 
operation and maintenance directory. 

2) Enable inserted reviewer comments on draft submittals. 

4. The operating and maintenance instructions shall include a brief, general 
description for all mechanical systems including, but not limited to: 

a. Routine maintenance procedures. 
b. Lubrication chart listing all types of lubricants to be used for each piece of 

equipment and the recommended frequency of lubrication.  
c. Trouble-shooting procedures. 
d. Contractor's telephone numbers for warranty repair service. 
e. Submittals. 
f. Recommended spare parts list. 
g. Names and telephone numbers of major material suppliers and 

subcontractors. 
h. System schematic drawings. 

B. Record Drawings: 

1. Submit record drawings in compliance with Division 01. 
2. Contractor shall submit to the Architect/Engineer, record drawings on electronic 

media or vellum which have been neatly marked to represent as-built conditions 
for all new mechanical work. 

3. The Contractor shall keep accurate note of all deviations from the construction 
documents and discrepancies in the underground concealed conditions and 
other items of construction on field drawings as they occur. The marked up field 
documents shall be available for review by the Architect, Engineer and Owner at 
their request. 

C. Warranties: 

1. Warranty: Comply with the requirements in Division 01 Specification Sections. 
Contractor shall warranty that the mechanical installation is free from defects 
and agrees to replace or repair, to the Owner’s satisfaction, any part of this 
mechanical installation which becomes defective within a period of one year 
(unless specified otherwise in other Mechanical; Fire Suppression; Plumbing; or 
Heating, Ventilating and Air Conditioning Sections) from the date of substantial 
completion following final acceptance, provided that such failure is due to 
defects in the equipment, material, workmanship or failure to follow the contract 
documents. 

2. File with the Owner any and all warranties from the equipment manufacturers 
including the operating conditions and performance capacities they are based 
on. 
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1.14 INSTRUCTION OF OWNER PERSONNEL 

A. Before final inspection, instruct Owner's designated personnel in operation, 
adjustment, and maintenance of mechanical equipment and systems at agreed upon 
times. A minimum of 24 hours of formal instruction to Owner's personnel shall be 
provided for each building. Additional hours are specified in individual specification 
sections. 

B. For equipment requiring seasonal operation, perform instructions for other seasons 
within six months. 

C. Use operation and maintenance manuals as basis for instruction. Review contents of 
manual with personnel in detail to explain all aspects of operation and maintenance. 

D. In addition to individual equipment training provide overview of each mechanical 
system. Utilize the as-built documents for this overview. 

E. Prepare and insert additional data in operation and maintenance manual when need 
for such data becomes apparent during instruction. 

1.15 WARRANTY 

A. Warranty: Comply with the requirements in Division 01 Specification Sections. 
Contractor shall warranty that the mechanical installation is free from defects and 
agrees to replace or repair, to the Owner’s satisfaction, any part of this mechanical 
installation which becomes defective within a period of one year (unless specified 
otherwise in other Mechanical; Fire Suppression; Plumbing; or Heating, Ventilating and  
Air Conditioning Sections) from the date of substantial completion following final 
acceptance, provided that such failure is due to defects in the equipment, material, 
workmanship or failure to follow the contract documents. 

B. File with the Owner any and all warranties from the equipment manufacturers 
including the operating conditions and performance capacities they are based on. 

PART 2 - PRODUCTS (NOT APPLICABLE) 

PART 3 - EXECUTION 

3.1 REFRIGERANT HANDLING 

A. Refrigerant Installation and Disposal: Perform all work related to refrigerant contained 
in chillers, cooling coils, air conditioners, and similar equipment, including related 
piping, in strict accordance with the following requirements: 

1. ASHRAE Standard 15 and Related Revisions: Safety Code for Mechanical 
Refrigeration. 

2. ASHRAE Standard 34 and Related Revisions: Number Designation and Safety 
Classification of Refrigerants. 

3. United States Environmental Protection Agency (US EPA) requirements of 
Section 8 08 (Prohibition of Venting and Regulation of CFC) and applicable State 
and Local regulations of authorities having jurisdiction. 
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B. Recovered refrigerant is the property of the Contractor. Dispose of refrigerant legally, 
in accordance with applicable rules and regulations. 

3.2 WORK IN EXISTING BUILDINGS 

A. The Owner will provide access to existing buildings as required. Access requirements 
to occupied buildings shall be identified on the project schedule. The Contractor, once 
Work is started in the existing building, shall complete same without interruption so 
as to return work areas as soon as possible to Owner. 

B. Adequately protect and preserve all existing and newly installed Work. Promptly 
repair any damage to same at Contractor's expense. 

C. Consult with the Owner’s Representative as to the methods of carrying on the Work 
so as not to interfere with the Owner's operation any more than absolutely necessary. 
Accordingly, all service lines shall be kept in operation as long as possible and the 
services shall only be interrupted at such time as will be designated by the Owner's 
Representative. 

D. Prior to starting work in any area, obtain approval for doing so from a qualified 
representative of the Owner who is designated and authorized by the Owner to 
perform testing and abatement, if necessary, of all hazardous materials including but 
not limited to, asbestos. The Contractor shall not perform any inspection, testing, 
containment, removal or other work that is related in any way whatsoever to 
hazardous materials under the Contract. 

3.3 WORK INVOLVING OTHER TRADES 

A. Certain items of equipment or materials specified in the Mechanical Division may have 
to be installed by other trades due to code requirements or union jurisdictional 
requirements. In such instances, the Contractor shall complete the work through an 
approved, qualified subcontractor and shall include the full cost for same in proposal. 

3.4 ACCEPTANCE PROCEDURE 

A. Upon successful completion of start-up and recalibration, but prior to building 
acceptance, substantial completion and commencement of warranties, the 
Architect/Engineer shall be requested in writing to observe the satisfactory operation 
of all mechanical control systems. 

B. The Contractor shall demonstrate operation of equipment and control systems, 
including each individual component, to the Owner and Architect/Engineer. 

C. After correcting all items appearing on the punch list, make a second written request 
to the Owner and Architect/Engineer for observation and approval. 

D. After all items on the punch list are corrected and formal approval of the mechanical 
systems is provided by the Architect/Engineer, the Contractor shall indicate to the 
Owner in writing the commencement of the warranty period. 

E. Operation of the following systems shall be demonstrated: 

1. Air Handling Systems. 
2. Chilled Water Systems. 
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3. Heating Systems. 
4. Domestic Hot Water Heaters. 
5. Domestic Hot Water Mixing Stations. 
6. Chemical Treatment Systems. 
7. Energy Recovery Systems. 
8. Temperature Controls. 
9. Building Automation System. 
10. Exhaust Systems. 

F. For systems requiring seasonal operation, demonstrate system performance within six 
months when weather conditions are suitable. 

END OF SECTION 200500 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 
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B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 22 Section “Domestic Water Piping” for flushing and cleaning of potable 

water piping. 
3. Division 23 Section “Piping Systems Flushing and Chemical Cleaning” for flushing 

and cleaning of HVAC piping. 

1.2 SUMMARY 

A. This section includes mechanical materials and installation methods common to 
mechanical piping systems, sheet metal systems and equipment. This section 
supplements all other Division 20, 21, 22, and 23 Mechanical Sections, and Division 01 
Specification Sections. 

1.3 DEFINITIONS 

A. Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred 
spaces, pipe and duct shafts, unheated spaces immediately below roof, spaces above 
ceilings, unexcavated spaces, crawlspaces, and tunnels. 

B. Exposed, Interior Installations: Exposed to view indoors. Examples include finished 
occupied spaces and mechanical equipment rooms. 

C. Exposed, Exterior Installations: Exposed to view outdoors or subject to outdoor 
ambient temperatures and weather conditions. Examples include rooftop locations. 

D. Concealed, Interior Installations: Concealed from view and protected from physical 
contact by building occupants. Examples include above ceilings and in duct shafts. 

E. Concealed, Exterior Installations: Concealed from view and protected from weather 
conditions and physical contact by building occupants but subject to outdoor ambient 
temperatures. Examples include installations within unheated shelters. 

F. The following are industry abbreviations for plastic materials: 

1. ABS: Acrylonitrile-butadiene-styrene plastic. 
2. CPVC: Chlorinated polyvinyl chloride plastic. 
3. PE: Polyethylene plastic. 
4. PVC: Polyvinyl chloride plastic. 
5. RTRF: Reinforced thermosetting resin (fiberglass) fittings. 
6. RTRP: Reinforced thermosetting resin (fiberglass) pipe. 

G. The following are industry abbreviations for rubber materials: 

1. EPDM: Ethylene-propylene-diene terpolymer rubber. 
2. NBR: Acrylonitrile-butadiene rubber. 

1.4 ACTION SUBMITTALS 

A. Product Data: For the following: 

1. Transition fittings. 
2. Dielectric fittings. 
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3. Mechanical sleeve seals. 
4. Escutcheons. 

1.5 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

B. Brazing Certificates: As required by ASME Boiler and Pressure Vessel Code, Section IX, 
or AWS B2.2. 

1.6 QUALITY ASSURANCE 

A. Regulatory Requirements: Comply with requirements in Public Law 111-380, 
"Reduction of Lead in Drinking Water Act," about lead content in materials that will be 
in contact with potable water for human consumption. 

B. Comply with NSF 14, "Plastics Piping System Components and Related Materials," for 
plastic, potable domestic water piping and components. Include marking "NSF-pw" on 
piping. 

C. Comply with NSF 61, "Drinking Water System Components - Health Effects; Sections 1 
through 9," for potable domestic water piping and components. 

D. Comply with NSF 372, “Drinking Water System Components – Lead Content” for 
potable domestic water piping and components. 

E. Steel Pipe Welding: Qualify processes and operators according to ASME Boiler and 
Pressure Vessel Code: Section IX, "Welding and Brazing Qualifications." 

1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping." 
2. Certify that each welder has passed AWS qualification tests for welding 

processes involved and that certification is current. 

F. Duct Joint and Seam Welding: Qualify procedures and personnel according to the 
following: 

1. AWS D9.1, "Sheet Metal Welding Code." 

G. Structural Welding: Qualify procedures and personnel according to the following: 

1. AWS D1.1, "Structural Welding Code--Steel." 
2. AWS D1.2, "Structural Welding Code--Aluminum." 
3. AWS D1.3, "Structural Welding Code--Sheet Steel." 
4. AWS D1.4, "Structural Welding Code--Reinforcing Steel." 
5. AWS D9.1, "Sheet Metal Welding Code," for duct joint and seam welding. 

H. Brazing: Qualify processes and operators according to ASME Boiler and Pressure 
Vessel Code: Section IX, "Welding and Brazing Qualifications," or AWS B2.2, "Standard 
for Brazing Procedure and Performance Qualification." 

I. Soldering: Qualify processes and operators according to AWS B2.3/2.3M, 
"Specification for Soldering Procedure and Performance Qualification." 
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1.7 DELIVERY, STORAGE, AND HANDLING 

A. Storage and Protection: Provide adequate weather protected storage space for all 
mechanical equipment and materials deliveries to the job site. Storage locations will 
be designated by the Owner’s Representative. Equipment stored in unprotected areas 
must be provided with temporary protection. 

1. Protect equipment and materials from theft, injury, or damage. 
2. Protect equipment outlets, pipe and duct openings with temporary plugs or 

caps. 
3. Materials with enamel or glaze surface shall be protected from damage by 

covering and/or coating as recommended in bulletin “Handling and Care of 
Enameled Cast Iron Plumbing Fixtures”, issued by the Plumbing Fixtures 
Manufacturer Association, and as approved. 

4. Electrical equipment furnished by Mechanical Trades and installed by the 
Electrical Trades: Turn over to Electrical Trades in good condition, receive 
written confirmation of same. 

5. Deliver pipes and tubes with factory-applied end caps. Maintain end caps 
through shipping, storage, and handling to prevent pipe end damage and to 
prevent entrance of dirt, debris, and moisture. 

6. Store plastic pipes protected from direct sunlight. Support to prevent sagging 
and bending. 

1.8 COORDINATION 

A. Arrange for pipe spaces, chases, slots, and openings in building structure during 
progress of construction, to allow for mechanical installations. Coordinate with other 
trades to ensure accurate locations and sizes of mechanical spaces, chases, slots, 
shafts, recesses, and openings. 

B. Coordinate installation of required supporting devices and set sleeves in poured-in-
place concrete and other structural components as they are constructed. 

C. Install Work to avoid interference with work of other trades including, but not limited 
to, Architectural and Electrical Trades. Remove and relocate any work that causes an 
interference at Contractor's expense. 

D. Coordinate requirements for and provide access panels and doors for mechanical 
items requiring access that are concealed behind finished surfaces. Access panels and 
doors are specified in Division 08 Section "Access Doors and Frames." 

E. The mechanical trades shall be responsible for all damage to other work caused by 
their work or through the neglect of their workers. 

1. All patching and repair of any such damaged work shall be performed by the 
trades which installed the work. The cost shall be paid by the Mechanical Trades. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where subparagraph titles below introduce lists, the following 
requirements apply for product selection: 
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1. Manufacturers: Subject to compliance with requirements, provide products by 
the manufacturers specified. 

2.2 PIPE, TUBE, AND FITTINGS 

A. Refer to individual Division 21, 22, and 23 piping Sections for pipe, tube, and fitting 
materials and joining methods. 

B. Pipe Threads: ASME B1.20.1 for factory-threaded pipe and pipe fittings. 

2.3 JOINING MATERIALS 

A. Refer to individual Division 21, 22, and 23 piping Sections for special joining materials 
not listed below. 

B. Unions: Pipe Size 2 Inches and Smaller: 

1. Ferrous pipe: Malleable iron ground joint type unions. 
2. Unions in galvanized piping system shall be galvanized. 
3. Copper tube and pipe: Bronze unions with soldered joints. 

C. Flanges: Pipe Sizes 2-1/2 Inch and Larger: 

1. Ferrous pipe: Standard weight, forged steel weld neck flanges. 
2. Copper tube and pipe: Slip-on bronze flanges. 

D. Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping 
system contents. 

1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch maximum thickness unless 
thickness or specific material is indicated. 

a. Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges. 
b. Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges. 

2. AWWA C110, rubber, flat face, 1/8 inch thick, unless otherwise indicated; and full-
face or ring type, unless otherwise indicated. 

E. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated. Square 
head bolts and nuts are not acceptable. 

F. Plastic, Pipe-Flange Gasket, Bolts, and Nuts: Type and material recommended by 
piping system manufacturer, unless otherwise indicated. 

G. Solder Filler Metals: ASTM B 32, lead-free, antimony-free, silver-bearing alloys. Include 
water-flushable flux according to ASTM B 813. 

H. Brazing Filler Metals: Alloys meeting AWS A5.8. 

1. Use Type BcuP Series, silver-bearing, copper-phosphorus alloys for joining 
copper or bronze socket fittings with copper pipe. Flux is prohibited unless used 
with bronze fittings. 

2. Use Type Bag Series, cadmium-free silver alloys for joining copper with steel, 
stainless steel, or other ferrous alloys. 
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I. Welding Filler Metals: Comply with AWS D10.12/D10.12M for welding materials 
appropriate for wall thickness and chemical analysis of steel pipe being welded. 

J. Welding Materials: Comply with Section II, Part C, of ASME Boiler and Pressure Vessel 
Code for welding materials appropriate for wall thickness and for chemical analysis of 
pipe being welded. 

K. Solvent Cements for Joining CPVC Piping and Tubing: ASTM F 493. 

L. Solvent Cements for Joining PVC Piping: ASTM D 2564. Include primer according to 
ASTM F 656. 

M. Solvent Cements for Joining ABS Piping: ASTM D 2235. 

N. Solvent Cements for Joining PVC to ABS Piping Transition: ASTM D 3138. 

2.4 PIPE THREAD COMPOUNDS 

A. General: Pipe thread compounds for the fluid service compatible with piping materials 
provided. 

B. Potable Water Service and Similar Applications: Compounds acceptable to U.S. 
Department of Agriculture (USDA) or Food and Drug Administration (FDA). 
Compounds containing lead are prohibited. 

C. Natural Gas System: Use either of the following: 

1. Tetrafluoroethylene (Teflon) tape 2 to 3 mils thick for threaded joints. 

a. Manufacturers: 

1) Cadillac Plastic. 
2) Permacel. 
3) Other approved. 

2. Lead-free pipe thread compounds suitable for service. 

a. Manufacturers: 

1) HCC Holdings, Inc.; Hercules Pro Dope. 
2) Mill-Rose Company (The); Clean-Fit Products; Blue Monster Thread 

Sealant. 
3) Oatey; Great Blue Pipe Joint Compound. 
4) RectorSeal LLC: A CSW Industrials Company; No. 5, No.5 Special, and 

No. 5 Sub-Zero Pipe Thread Sealants. 

2.5 TRANSITION FITTINGS 

A. AWWA Transition Couplings: Same size as, and with pressure rating at least equal to 
and with ends compatible with, piping to be joined. 

1. Manufacturers: 

a. Cascade Waterworks Mfg. Co. 
b. Dresser Industries, Inc.; DMD Div. 
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c. Ford Meter Box Company, Incorporated (The); Pipe Products Div. 
d. JCM Industries. 
e. Smith-Blair, Inc. 
f. Viking Johnson. 

2. Underground Piping NPS 1-1/2 and Smaller: Manufactured fitting or coupling. 
3. Underground Piping NPS 2 and Larger: AWWA C219, metal sleeve-type 

coupling. 
4. Aboveground Pressure Piping: Pipe fitting. 

B. Plastic-to-Metal Transition Fittings: CPVC and PVC one-piece fitting with 
manufacturer's Schedule 80 equivalent dimensions; one end with threaded brass 
insert, and one solvent-cement-joint end. 

1. Manufacturers: 

a. IPEX Inc. (formerly Eslon Thermoplastics). 

C. Plastic-to-Metal Transition Adaptors: One-piece fitting with manufacturer's SDR 11 
equivalent dimensions; one end with threaded brass insert, and one solvent-cement-
joint end. 

1. Manufacturers: 

a. Thompson Plastics, Inc. 

D. Plastic-to-Metal Transition Unions: MSS SP-107, CPVC and PVC four-part union. 
Include brass end, solvent-cement-joint end, rubber O-ring, and union nut. 

1. Manufacturers: 

a. NIBCO INC. 
b. NIBCO, Inc.; Chemtrol Div. 

E. Flexible Transition Couplings for Underground Nonpressure Drainage Piping: 
ASTM C 1173 with elastomeric sleeve, ends same size as piping to be joined, and 
corrosion-resistant metal band on each end. 

1. Manufacturers: 

a. Cascade Waterworks Mfg. Co. 
b. Fernco, Inc. 
c. Mission Rubber Company. 
d. Plastic Oddities, Inc. 
e. Can-Tex Industries Division of Harsco Corp. “CT-Adaptors”. 
f. Joint Inc., “Caulder”. 

2.6 DIELECTRIC FITTINGS 

A. Insulating Material: Suitable for system fluid, pressure, and temperature. 

B. Brass Unions, Brass Nipples, Brass Couplings: For systems up to 286 deg F. 

C. Dielectric-Flange Kits: Include full-face- or ring-type neoprene or phenolic gasket, 
phenolic or polyethylene bolt sleeves, phenolic washers, and steel backing washers. 
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1. Manufacturers: 

a. Advance Products & Systems, Inc. 
b. Calpico, Inc. 
c. Capitol Manufacturing Co. 
d. GF Piping Systems; George Fischer Central Plastics. 
e. Epco Sales, Inc. 
f. Pipeline Seal and Insulator, Inc. 
g. Watts Water Technologies, Inc.; Watts Regulator Co. 
h. Zurn Industries, Inc.; Wilkins Div. 

2. Separate companion flanges and steel bolts and nuts shall have 150- or 300-psig 
minimum working pressure where required to suit system pressures. 

2.7 MODULAR MECHANICAL SEALS 

A. Description: Modular sealing element unit, designed for field assembly, to fill annular 
space between pipe and sleeve or pipe and core drilled hole. 

1. Manufacturers: 

a. Advance Products & Systems, Inc.; Innerlynx. 
b. Calpico, Inc. 
c. Metraflex Co. 
d. Pipeline Seal and Insulator, Inc.; Thunderline Link Seal. 

2. Sealing Elements: EPDM interlocking links shaped to fit surface of pipe. Include 
type and number required for pipe material and size of pipe. 

3. Pressure Plates: Stainless steel. Include two for each sealing element. 
4. Connecting Bolts and Nuts: Stainless steel with corrosion-resistant coating of 

length required to secure pressure plates to sealing elements. Include one for 
each sealing element. 

2.8 SLEEVES 

A. Steel Pipe: ASTM A53, Type E, Grade B, Schedule 40, and 0.375 inch wall black. 

B. Steel Pipe: ASTM A53, Type E, Grade B, Schedule 40, and 0.375 inch wall galvanized, 
plain ends. 

C. Water Stop: Cast or ductile-iron; fabricated steel; PVC; or rotationally molded HDPE 
pipe; with plain ends and integral water stop, unless otherwise indicated. 

1. Manufacturers: 

a. Advance Products & Systems, Inc.; Infinity and Gal-Vo-Plast Sleeves. 
b. Calpico, Inc. 
c. Metraflex Co. 
d. Pipeline Seal and Insulator, Inc. 

D. Stack Sleeve Fittings: Manufactured, cast-iron sleeve with integral clamping flange. 
Include clamping ring and bolts and nuts for membrane flashing. 

1. Underdeck Clamp: Clamping ring with set screws. 
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2.9 ESCUTCHEONS 

A. Description: Manufactured wall and ceiling escutcheons, with an ID to closely fit 
around pipe, tube, and insulation of insulated piping and an OD that completely covers 
opening. 

1. New Piping: 

a. Piping with Fitting or Sleeve Protruding from Wall: One-piece, deep-
pattern type. 

b. Chrome-Plated Piping or Piping in High Humidity Areas: One-piece, cast-
brass type with polished chrome-plated finish. 

c. Insulated Piping: One-piece, stamped-steel type with spring clips. 
d. Bare Piping in Finished Spaces: One-piece, stamped-steel type. 
e. Bare Piping in Unfinished Service Spaces or Equipment Rooms: Split-plate, 

stamped-steel type with concealed hinge and set screw. 

2.10 GROUT 

A. Description: ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement 
grout. 

1. Characteristics: Post-hardening, volume-adjusting, nonstaining, noncorrosive, 
nongaseous, and recommended for interior and exterior applications. 

2. Design Mix: 5000-psi, 28-day compressive strength. 
3. Packaging: Premixed and factory packaged. 

2.11 EPOXY BONDING COMPOUND 

A. Two-component system suitable for bonding wet or dry concrete to each other and 
to other materials. 

B. Manufacturers: 

1. Euco 452 #450; Euclid Chemical Co. 
2. Epobond; L & M Construction Chemicals. 
3. Sikadur 87; Sika Corp. 

2.12 LEAK DETECTOR SOLUTION 

A. Commercial leak detector solution for pipe system testing. 

B. Manufacturers: 

1. American Gas and Chemicals Inc.; Leak Tec. 
2. Cole-Parmer Inst. Co.; Leak Detector. 
3. Guy Speaker Co. Inc.; Squirt 'n Bubbles. 

2.13 PIPE PENETRATION ASSEMBLIES 

A. Contractor may choose from one of the following: 

B. Pipe Roof Penetration Enclosures 
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1. Manufacturers: 

a. Pate Company (The); pca Series. 
b. Portal Plus, Inc. 
c. Thybar Corporation; Thycurb. 

2. Prefabricated roof curb with: 

a. Minimum 18 gage welded galvanized steel construction. 
b. Integral base plate. 
c. Factory installed insect and decay resistant wood nailer. 
d. EPDM compression molded rubber cap for single or multiple pipes as 

required. Quantity of molder rubber caps shall be sufficient for no more 
than one pipe or conduit per cap. 

e. Stainless steel draw-band clamps. 

C. Pipe Roof Penetration Hood Assembly 

1. Manufacturers: 

a. Pate Company (The); pha Series. 

2. Heavy gage aluminum construction. 
3. Removable top cover. 
4. Fully insulated aluminum mounting base to isolate hood from galvanized curb. 
5. Includes prefabricated roof curb with: 

a. Minimum 18 gage welded galvanized steel construction. 
b. Integral base plate. 
c. Factory installed insect and decay resistant wood nailer. 

PART 3 - EXECUTION 

3.1 PIPING SYSTEMS - COMMON REQUIREMENTS 

A. Refer to piping application schedules on the Drawings. 

B. Install piping according to the following requirements and Division 21, 22, and 23 
Sections specifying piping systems, and in accordance with manufacturer’s 
instructions. 

C. Drawing plans, schematics, and diagrams indicate general location and arrangement 
of piping systems. Indicated locations and arrangements were used to size pipe and 
calculate friction loss, expansion, pump sizing, and other design considerations. The 
Drawings shall be followed as closely as elements of construction will permit. 

D. During the progress of construction, protect open ends of pipe, fittings, and valves to 
prevent the admission of foreign matter. Place plugs or flanges in the ends of all 
installed work whenever work stops. Plugs shall be commercially manufactured 
products. 

E. Prior to and during laying of pipe, maintain excavations dry and clear of water and 
extraneous materials. Provide minimum 4 inches of clearance in all directions for pipe 
passing under or through building grade beams. 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
BASIC MECHANICAL MATERIALS AND METHODS 200510 - 11 

F. Weld-o-lets and thread-o-lets can be used for annular flow measuring devices, 
temperature control components, and thermal wells in steel pipe. Pipe taps shall be 
drilled and deburred. Torch cutting is not acceptable. 

G. Brazolets can be used for annular flow measuring devices, temperature control 
components, and thermal wells in copper tube. Pipe taps shall be drilled and deburred. 
Torch cutting is not acceptable. 

H. Clean and lubricate elastomer joints prior to assembly. 

I. Clean damaged galvanized surfaces and touch-up with a zinc rich coating. 

J. Install piping to conserve building space and not interfere with use of space. 

K. Group piping whenever practical at common elevations. 

L. Install piping to allow for expansion and contraction without stressing pipe, joints, or 
connected equipment. 

1. Install piping to allow for expansion and contraction at locations where piping 
crosses building or structure expansion joints. 

M. Slope piping and arrange systems to drain at low points. 

N. Slope horizontal piping containing non-condensable gases 1 inch per 100 feet, upward 
in the direction of the flow. 

O. Install piping in concealed locations, unless otherwise indicated and except in 
equipment rooms and service areas. 

P. Install piping indicated to be exposed and piping in equipment rooms and service 
areas at right angles or parallel to building walls. Diagonal runs are prohibited unless 
specifically indicated otherwise. 

Q. In concealed locations where piping, other than black steel, cast-iron, or galvanized 
steel, is installed through holes or notches in studs, joists, rafters, or similar members 
less than 1-1/2 inches from the nearest edge of the member, the pipe shall be protected 
by shield plates. Protective shield plates shall be a minimum of 1/16 inch thick steel, 
shall cover the area of the pipe where the member is notched or bored, and shall 
extend a minimum of 2 inches above sole plates and below top plates. 

R. Do not penetrate building structural members unless specifically indicated on 
drawings. 

S. Install piping above accessible ceilings to allow sufficient space for ceiling panel and 
light fixture removal. 

T. Install valves with stems upright or horizontal, not inverted. 

U. Provide clearance for installation of insulation and access to valves and fittings. 

V. Install piping to permit valve and equipment servicing. Do not install piping below 
valves and/or terminal equipment. Do not install piping above electrical equipment. 

W. Install piping at indicated slopes. Provide drain valves with hose end connections and 
caps at all piping low points, where piping is trapped and at all equipment. 
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X. Install piping free of sags and bends. 

Y. Install fittings for changes in direction and branch connections. 

Z. Unless otherwise indicated or specified, install branch connections to mains using tee 
fittings in main pipe: 

1. Branch connected to bottom of main pipe for HVAC systems. Side connection is 
acceptable. Connection above centerline of main is unacceptable. For up-feed 
risers, connect branch to top of main pipe. 

2. Branch connected to top of main for steam and condensate, plumbing systems, 
compressible gasses, and vacuum. 

AA. Install piping to allow application of insulation. 

BB. Select system components with pressure rating equal to or greater than system 
operating pressure. 

CC. After completion, fill, clean, and treat systems. Refer to Division 23 Sections “Hydronic 
Piping,” “Piping Systems Flushing and Chemical Cleaning,” and “HVAC Water 
Treatment.” 

DD. Install escutcheons for penetrations of walls below ceiling, and ceilings. 

EE. Sleeves are not required for core-drilled holes in poured concrete walls. 

FF. Permanent sleeves are not required for holes formed by removable PE sleeves in 
poured concrete walls. 

GG. Install sleeves for pipes passing through footings and foundation walls, masonry walls, 
gypsum-board partitions, and concrete floor and roof slabs. 

1. Cut sleeves to length for mounting flush with both surfaces of walls. 

a. Exception: Extend sleeves installed in floors 2 inches above finished floor 
level. 

2. Install sleeves in new walls and slabs as new walls and slabs are constructed. 
3. Install sleeves that are large enough to provide 1/4-inch annular clear space 

between sleeve and pipe or pipe insulation. Use the following sleeve materials: 

a. Schedule 40 Black Steel Sleeves: For pipes smaller than NPS 12 penetrating 
interior walls. 

b. 0.375 Inch Wall Black Steel Sleeves: For pipes NPS 12 and larger 
penetrating interior walls. 

c. Schedule 40 Galvanized Steel Sleeves: For pipes smaller than NPS 12 
penetrating floors, and roof slabs. 

d. 0.375 Inch Wall Galvanized Steel Sleeves: For pipes NPS 12 and larger 
penetrating floors and roof slabs. 

e. For pipes penetrating floors with membrane water proofing provide cast 
iron sleeve with clamping flanges. Secure/seal membrane to sleeves with 
clamping flanges. 

4. Seal sleeves in concrete floors roof slabs and masonry walls with grout. 
5. Seal sleeves in plaster/gypsum-board partitions with plaster or dry wall 

compound and caulk with non-hardening silicone sealant to provide airtight 
installation. 
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6. Except for underground wall penetrations, seal annular space between sleeve 
and pipe or pipe insulation, using joint sealants appropriate for size, depth, and 
location of joint. Refer to Division 07 Section "Joint Sealants" for materials and 
installation. 

HH. Aboveground, Exterior-Wall Pipe Penetrations: Seal penetrations using sleeves and 
modular mechanical seals. Select sleeve size to allow for 1-inch annular clear space 
between pipe and sleeve for installing modular mechanical seals. 

1. Install Schedule 40 galvanized steel pipe for sleeves smaller than 12 inches in 
diameter. 

2. Install 0.375 galvanized steel pipe for sleeves 12 inches and larger in diameter. 
3. Modular Mechanical Seal Installation: Select type and number of sealing elements 

required for pipe material and size. Position pipe in center of sleeve. Assemble 
modular mechanical seals and install in annular space between pipe and sleeve. 
Tighten bolts against pressure plates that cause sealing elements to expand and 
make watertight seal. 

II. New, Poured Concrete, Underground, Exterior-Wall and Slab on Grade Pipe 
Penetrations: Install water stop sleeves prior to pour. Seal pipe penetrations using 
modular mechanical seals. Select sleeve size to allow for 1-inch annular clear space 
between pipe and sleeve for installing modular mechanical seals. 

1. Modular Mechanical Seal Installation: Select type and number of sealing elements 
required for pipe material and size. Position pipe in center of sleeve. Assemble 
modular mechanical seals and install in annular space between pipe and sleeve. 
Tighten bolts against pressure plates that cause sealing elements to expand and 
make watertight seal. 

JJ. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and 
floors at pipe penetrations. Seal pipe penetrations with firestop materials. 

1. Seal openings around pipes in sleeves through walls, floors and ceilings, and 
where floors, fire rated walls and smoke barriers are penetrated. Firestop 
materials shall be UL listed and shall have a fire rating equal to or greater than 
the penetrated barrier. 

2. Refer to Division 07 Specification Sections for materials and UL Classified 
firestop systems. 

KK. Pipe Roof Penetration Enclosures: 

1. Coordinate delivery of roof penetration enclosures to jobsite. 
2. Locate and set curbs on roof. 
3. Framing, flashing, and attachment to roof structure are specified under Division 

07. 
4. Attach cap to curbs, cut pipe boots to fit pipe, and clamp boots to pipe or 

conduit. 

LL. Verify final equipment locations for roughing-in. 

MM. Refer to equipment specifications in other Sections of these Specifications for 
roughing-in requirements. 

3.2 PIPING JOINT CONSTRUCTION 

A. Join pipe and fittings according to the following requirements and Division 21, 22, and 
23 Sections specifying piping systems. 
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B. Cut piping square. 

C. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe. 

D. Remove scale, slag, dirt, oil, and debris from inside and outside of pipe and fittings 
before assembly. 

E. Clean damaged galvanized surfaces and touch-up with a zinc rich coating. 

F. Use standard long sweep pipe fittings for changes in direction. No mitered joints or 
field fabricated pipe bends will be permitted. Short radius elbows may be used where 
specified or specifically authorized by the Architect. 

G. Make tee connections with screwed tee fittings, soldered fittings or specified welded 
connections. Make welded branch connections with either welding tees or forged 
branch outlet fittings in accordance with ASTM A234, ANSI B16.9 and ANSI B16.11. For 
forged branch outlets, furnish forged fittings flared for improved flow where attached 
to the run, reinforced against external strains and to full pipe-bursting strength 
requirements. "Fishmouth" connections are not acceptable. 

H. Use eccentric reducers for drainage and venting of pipe lines; bushings are not 
permitted. 

I. Provide pipe openings using fittings for all systems control devices, thermometers, 
gauges, etc. Drilling and tapping of pipe wall for connections is prohibited. 

J. Provide temperature sensing device thermal wells and similar piping specialty 
connections. 

K. Provide instrument connections except thermal wells with specified isolating valves at 
point of connection to system. 

L. Locate instrument connections in accordance with manufacturer’s instructions for 
accurate read-out of function sensed. Locate instrument connections for easy reading 
and service of devices. 

M. Soldered Joints: Apply ASTM B 813, water-flushable flux, unless otherwise indicated, 
to tube end. Construct joints according to ASTM B 828 or CDA's "Copper Tube 
Handbook." 

N. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and 
Tube" Chapter. 

O. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. 
Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs 
and restore full ID. Join pipe fittings and valves as follows: 

1. Apply appropriate tape or thread compound to external pipe threads unless dry 
seal threading is specified. 

2. Damaged Threads: Do not use pipe or pipe fittings with threads that are 
corroded or damaged. Do not use pipe sections that have cracked or open welds. 

P. Welded Joints: Construct joints according to AWS D10.12, using qualified processes 
and welding operators according to Part 1 "Quality Assurance" Article. 
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1. Weld-o-lets and thread-o-lets can be used for annular flow measuring devices, 
temperature control components, and thermal wells. Pipe taps shall be drilled 
and deburred. Torch cutting is not acceptable. 

Q. Flanged Joints: Select appropriate gasket material, size, type, and thickness for service 
application. Install gasket concentrically positioned. Use suitable lubricants on gaskets 
and bolt threads. 

1. Assemble flanged joints with fresh-stock gasket and hex head nuts, bolts or 
studs. Make clearance between flange faces such that the connections can be 
gasketed and bolted tight without strain on the piping system. Align flange faces 
parallel and bores concentric; center gaskets on the flange faces without 
projection into the bore. 

2. Lubricate bolts before assembly to insure uniform bolt stressing. Draw up and 
tighten bolts in staggered sequence to prevent unequal gasket compression and 
deformation of the flanges. Do not mate a flange with a raised face to a 
companion flange with a flat face; machine the raised face down to a smooth 
matching surface and use a full face gasket. After the piping system has been 
tested and is in service at its maximum temperature, check bolting torque to 
provide required gasket stress. 

R. Dissimilar-Metal Piping Joints: Construct joints using dielectric fittings compatible with 
both piping materials. Refer to Application Schedules on the Drawings. 

S. Plastic Piping Solvent-Cement Joints: Clean and dry joining surfaces. Join pipe and 
fittings according to the following: 

1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and 
solvent cements. 

2. ABS Piping: Join according to ASTM D 2235 and ASTM D 2661 Appendixes. 
3. CPVC Piping: Join according to ASTM D 2846/D 2846M Appendix. 
4. PVC Pressure Piping: Join schedule number ASTM D 1785, PVC pipe and PVC 

socket fittings according to ASTM D 2672. Join other-than-schedule-number 
PVC pipe and socket fittings according to ASTM D 2855. 

5. PVC Nonpressure Piping: Join according to ASTM D 2855. 
6. PVC to ABS Nonpressure Transition Fittings: Join according to ASTM D 3138 

Appendix. 

T. Plastic Pressure Piping Gasketed Joints: Join according to ASTM D 3139. 

U. Plastic Nonpressure Piping Gasketed Joints: Join according to ASTM D 3212. 

V. PE Piping Heat-Fusion Joints: Clean and dry joining surfaces by wiping with clean cloth 
or paper towels. Join according to ASTM D 2657. 

1. Plain-End Pipe and Fittings: Use butt fusion. 
2. Plain-End Pipe and Socket Fittings: Use socket fusion. 

W. Fiberglass Bonded Joints: Prepare pipe ends and fittings, apply adhesive, and join 
according to pipe manufacturer's written instructions. 

X. Remake joints which fail pressure tests with new materials including pipe, fittings, 
gaskets and/or a filler. 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
BASIC MECHANICAL MATERIALS AND METHODS 200510 - 16 

3.3 ACCESS DOORS 

A. Provide access doors for installation by architectural trades. Provide access doors in 
the walls, as required to make all valves, controls, coils, motors, air vents, filters, 
electrical boxes, and other equipment installed by the Contractor accessible. Minimum 
size 12 inches x 12 inches. Provide access doors in the ceiling, for accessibility as 
mentioned above, 24 inches x 24 inches minimum size. Areas with accessible ceilings 
(ceilings where lay-in panels are not fastened in place and can be individually removed 
without removal of adjacent tiles) will not require access doors. Refer to Division 08 
Section “Access Doors and Frames” for manufacturers and model numbers and 
additional information. 

B. When access doors are in fire resistant walls or ceilings, they shall bear the 
Underwriters' Laboratories, Inc., Label, with time design rating equal to or greater than 
the wall or ceiling unless they were a part of the tested assembly. 

3.4 EQUIPMENT CONNECTIONS 

A. Make connections to equipment, fixtures, and other items included in the work in 
accordance with the submittals and rough-in measurements furnished by the 
manufacturers of the particular equipment furnished. 

1. Any and all additional connections not shown on the drawings but shown on the 
equipment manufacturer’s submittal or required for the successful operation of 
the equipment shall be installed as part of this Contract at no additional charge 
to the Owner. 

B. All piping connections to pumps, coils, and other equipment shall be installed without 
strain at the pipe connection of this equipment. When directed, remove the bolts in 
flanged connections or disconnect piping to demonstrate that piping has been so 
connected. 

3.5 PIPING CONNECTIONS 

A. Make connections according to the following, unless otherwise indicated: 

1. Install unions, in piping NPS 2 and smaller, where indicated on Drawings, at final 
connection to each piece of equipment and at all control valves. 

2. Install flanges, in piping NPS 2-1/2 and larger, where indicated on Drawings, at 
final connection to each piece of equipment and at all control valves. 

3.6 INSTALLATION OF PIPE CONCEALMENT SYSTEM 

A. Install cover system, brackets, and cover components for piping according to 
manufacturer's "Installation Manual." 

3.7 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 

A. Install equipment to allow maximum possible headroom unless specific mounting 
heights are indicated. Housekeeping pad locations and sizes shall be coordinated by 
mechanical contractor prior to the placement of concrete slabs. 
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B. Install equipment level and plumb, parallel and perpendicular to other building systems 
and components in exposed interior spaces, unless otherwise indicated. 

C. Install mechanical equipment to facilitate service, maintenance, and repair or 
replacement of components. Connect equipment for ease of disconnecting, with 
minimum interference to other installations. Extend grease fittings to accessible 
locations. 

D. Install equipment to allow right of way for piping installed at required slope. 

E. For suspended equipment, furnish and install all inserts, rods, structural steel frames, 
brackets and platforms required. Obtain approval of Architect for same including 
loads, locations, and methods of attachment. 

F. Equipment Rigging Over Roof Areas: Protect building structure against damage 
during equipment rigging. Make provisions to distribute load of equipment to main 
roof structure, and to prevent damage to roof decking, roofing, or purlins. 

G. The Contract Documents indicate items to be purchased and installed. The items are 
noted by a manufacturer’s name, catalog number and/or brief description. The catalog 
number may not designate all the accessory parts for a particular application. Arrange 
with the manufacturer for the purchase of all items required for a complete installation. 

3.8 PAINTING 

A. Painting of mechanical systems, equipment, and components is specified in Division 
09. 

B. Damage and Touchup: Repair marred and damaged factory-painted finishes with 
materials and procedures to match original factory finish. 

3.9 CONCRETE BASES 

A. Concrete housekeeping pads for floor mounted mechanical equipment shall be 
provided by Architectural Trades. 

B. Concrete Bases: Anchor equipment to concrete base according to equipment 
manufacturer's written instructions. 

1. Construct concrete bases as shown on Drawings or specified, but not less than 
4 inches larger in both directions than supported unit. 

2. Install dowel rods to connect concrete base to concrete floor. Unless otherwise 
indicated, install dowel rods on 18-inch centers around the full perimeter of the 
base. 

3. Install epoxy-coated anchor bolts for supported equipment that extend through 
concrete base, and anchor into structural concrete floor. 

4. Place and secure anchorage devices. Use supported equipment manufacturer's 
setting drawings, templates, diagrams, instructions, and directions furnished 
with items to be embedded. 

5. Install anchor bolts to elevations required for proper attachment to supported 
equipment. 

6. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 
7. Use 3000-psi, 28-day compressive-strength concrete and reinforcement as 

specified in Division 03 Section. 
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3.10 ERECTION OF METAL SUPPORTS AND ANCHORAGES 

A. Refer to Division 05 Section "Metal Fabrications" for structural steel. 

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and 
elevation to support and anchor mechanical materials and equipment. 

C. Where pipe and/or equipment support members must be welded to structural 
building framing, Contractor shall seek prior approval from Architect and structural 
engineer. Scrape, brush clean, and apply one coat of zinc rich primer after welding. 

D. Field Welding: Comply with AWS D1.1. 

3.11 EPOXY BONDING TO EXISTING MATERIALS 

A. Use epoxy bonding compound to set sleeves or pipes in existing concrete to bond 
new concrete and/or grout to existing materials or to bond dissimilar materials. 

B. The compound, when applied in accordance with the manufacturer's instructions, shall 
be capable of initial curing within 48 hours at temperatures as low as 40 deg F and 
shall be capable of bonding any combination of the following properly prepared 
materials: Wet or dry, cured, or uncured concrete or mortar; vitrified clay; cast iron 
and carbon steel. 

3.12 JACKING OF PIPE 

A. Do not jack pipe in place except upon prior approval of proposed materials and 
complete details of methods. 

3.13 ERECTION OF WOOD SUPPORTS AND ANCHORAGES 

A. Cut, fit, and place wood grounds, nailers, blocking, and anchorages to support, and 
anchor mechanical materials and equipment. 

B. Select fastener sizes that will not penetrate members if opposite side will be exposed 
to view or will receive finish materials. Tighten connections between members. Install 
fasteners without splitting wood members. 

C. Attach to substrates as required to support applied loads. 

3.14 GROUTING 

A. Mix and install grout for mechanical equipment base bearing surfaces, pump and other 
equipment base plates, and anchors. 

B. Clean surfaces that will come into contact with grout. 

C. Provide forms as required for placement of grout. 

D. Avoid air entrapment during placement of grout. 

E. Place grout, completely filling equipment bases. 
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F. Place grout on concrete bases and provide smooth bearing surface for equipment. 

G. Place grout around anchors. 

H. Cure placed grout. 

3.15 CUTTING, CORING AND PATCHING 

A. Refer to Division 01 Specification Sections for requirements for cutting, coring, 
patching and refinishing work necessary for the installation of mechanical work. 

B. All cutting, coring, patching and repair work shall be performed by the Contractor 
through approved, qualified subcontractors. Contractor shall include full cost of same 
in bid. 

3.16 EXCAVATION AND BACKFILLING 

A. Refer to Division 31 Specification Sections. 

B. Provide all excavation, trenching, tunneling, and backfilling required for the 
mechanical work. 

C. Provide all pumping and/or well pointing required for the mechanical work. 

D. Provide foundations if required to support underground piping. 

E. Backfill all excavations with well-tamped granular material. Backfill all excavations 
under wall footings with lean mix concrete up to underside of footings and extend 
concrete within excavation a minimum of four (4) feet each side of footing. Granular 
backfill shall be placed in layers not more than 8 inches in thickness, 95 percent 
compaction throughout with approved compaction equipment. Tamp, roll as required. 
Excavated material shall not be used. 

3.17 FLASHING 

A. Provide all flashing required for mechanical work. Refer to Division 07 Specification 
Sections. 

3.18 LUBRICATION 

A. Provide all lubrication for the operation of the equipment until acceptance by the 
Owner. Contractor is responsible for all damage to bearings up to the date of 
acceptance of the equipment. Protect all bearings and shafts during installation. 
Thoroughly grease steel shafts to prevent corrosion. Provide covers as required for 
proper protection of all motors and other equipment during construction. 

3.19 FILTERS 

A. Provide and maintain filters in air handling systems throughout the construction period 
and prior to final acceptance of the building. Do not run air handling equipment, 
without all prefilters and final filters as specified. 
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B. Immediately prior to final building acceptance by the Owner, Contractor shall: 

1. Replace all disposable type air filters with new units. 

3.20 CLEANING 

A. Each Mechanical Trade shall be responsible for removing all debris daily as required to 
maintain the work area in a neat, orderly condition. 

B. After equipment, steam, condensate and HVAC water piping systems have been 
completed and tested, each entire system shall be cleaned and flushed. Refer to 
Division 23 Section "Piping Systems Flushing and Chemical Cleaning" for 
requirements. Provide temporary bypass piping and fittings, temporary valves and 
strainers, temporary water make-up piping with approved means of backflow 
prevention, and temporary pumps as needed to perform specified flushing and 
cleaning requirements. 

C. Prior to connection of new HVAC piping to existing HVAC piping systems, all new 
piping shall be subject to initial flushing, cleaning and final flushing. Refer to Division 
23 Section "Piping Systems Flushing and Chemical Cleaning" for requirements. Provide 
temporary bypass piping and fittings, temporary valves and strainers, temporary 
water make-up piping with approved means of backflow prevention, and temporary 
pumps as needed to perform specified flushing and cleaning requirements. 

D. Flushing, cleaning, and disinfection of domestic water piping is specified in Division 22 
Section “Domestic Water Piping.” 

E. Exterior surfaces of all piping, ductwork and equipment shall be wiped down to 
remove excess dirt and debris prior to concealment by Architectural Trades work. 

F. Upon completion of work in each respective area, clean and protect work. Just prior 
to final acceptance, perform additional cleaning as necessary to provide clean 
equipment and areas to the Owner. 

END OF SECTION 200510 
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SECTION 200513 - MOTORS 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section "Mechanical Vibration Controls" for mounting motors and 

vibration isolation devices. 
3. Division 20 Section “Variable Frequency Controllers”. 
4. Division 21, 22, and 23 Sections for application of motors and reference to 

specific motor requirements for motor-driven equipment. 
5. Division 26 Section “Enclosed Switches and Circuit Breakers”. 
6. Division 26 Section “Enclosed Controllers”. 
7. Division 26 Section “Fuses”. 

1.2 SUMMARY 

A. This Section includes basic requirements for factory-installed 
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1.3 DEFINITIONS 

A. ABMA: American Bearing Manufacturers Association. (Formerly AFBMA: Anti-
Friction Bearing Manufacturers Association.) 

B. Factory-Installed Motor: A motor installed by motorized-equipment manufacturer as 
a component of equipment. 

C. Field-Installed Motor: A motor installed at Project site and not factory installed as an 
integral component of motorized equipment. 

D. Packaged Self Contained Equipment: Equipment which includes component 
mechanical and electrical equipment mounted on common bases, skids or frames or 
in common enclosures with internal control and power wiring factory installed and 
ready to accept a single electrical service connection. Provide the equipment 
complete with enclosed controllers, main disconnect switches, control transformers, 
control devices, wiring and accessories as required. 

1.4 QUALITY ASSURANCE 

A. Testing Agency Qualifications: A Nationally Recognized Testing Laboratory (NRTL), 
acceptable to authorities having jurisdiction, with the experience and capability to 
conduct the testing indicated. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, Article 100, by an NRTL acceptable to authorities having jurisdiction, and 
marked for intended use. 

C. Comply with NFPA 70. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Protect motors stored on site from weather and moisture by maintaining factory 
covers and suitable weather-proof covering. For extended outdoor storage, remove 
motors from equipment and store separately. 

1.6 COORDINATION 

A. Coordinate features of motors, installed units, and accessory devices. Provide motors 
that are: 

1. Compatible with the following: 

a. Magnetic controllers. 
b. Multispeed controllers. 
c. Reduced-voltage controllers. 
d. Solid-state controllers. 
e. Variable frequency controllers. 

2. Designed and labeled for use with variable frequency controllers, and suitable 
for use throughout speed range without overheating. 

3. Matched to torque and horsepower requirements of the load. 
4. Matched to ratings and characteristics of supply circuit and required control 

sequence. 
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B. Coordinate electrical scope of work to be provided by Division 20, 21, 22, and 23 with 
this Section, related Division 20, 21, 22, and 23 Specifications, Division 26 
Specifications and the Drawings.  

C. Electrical work provided under Division 20, 21, 22, and 23: Furnish UL Listed 
components in accordance with this section, Division 26, and applicable NEMA and 
NEC (ANSI C 1) requirements. Provide wiring, external to electrical enclosures, in 
conduit. 

D. Furnished, installed and wired under Division 20, 21, 22, and 23 unless otherwise 
indicated: 

1. Disconnected components in packaged self-contained equipment that are so 
constructed that components of wiring must be disconnected for shipment and 
reconnected after installation. 

E. Furnished and installed under Division 20, 21, 22, and 23 and wired under Division 26 
unless otherwise indicated: 

1. Motors required for mechanical equipment 
2. Packaged Self-Contained Equipment: 

a. Provide equipment ready to accept a single electrical service connection. 
b. For equipment with remote mounted control panels, provide mounting of 

the control panel and external wiring from the control panel to the 
package self-contained equipment. 

3. Variable frequency controllers. 

1.7 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and that are 
packaged with protective covering for storage and identified with labels describing 
contents. 

1. Fuses: Quantity equal to 10 percent of each fuse type and size, but no fewer 
than 3 of each type and size. 

2. Spare Indicating Lights:  Six of each type installed. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with requirements, provide products by one of the following: 

1. Dayton. 
2. Toshiba Intl. 
3. Baldor Electric/Reliance. 
4. Rockwell Automation/Allen-Bradley. 
5. Nidec Motor Corporation; U.S. Electrical Motors. 
6. Regal Beloit/GE Commercial Motors. 
7. Regal Beloit/Leeson. 
8. Regal Beloit/Marathon. 
9. Siemens. 
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2.2 MOTOR REQUIREMENTS 

A. Motor requirements apply to factory-installed motors except as follows: 

1. Different ratings, performance, or characteristics for a motor are specified in 
another Section. 

2. Manufacturer for a factory-installed motor requires ratings, performance, or 
characteristics, other than those specified in this Section, to meet performance 
specified. 

3. Submersible motors integral to pumps and excluded from NEMA and EISA 
standards. 

B. Electrical Power Supply Characteristics: Coordinate electrical system requirements 
with Division 26. 

C. Electrical Power System Characteristics: As scheduled on the Drawings. 

D. Electrical Connection: Conduit connection boxes, threaded for conduit. For fractional 
horsepower motors where connection is made directly, provide screwed conduit 
connection in end frame. 

2.3 MOTOR CHARACTERISTICS 

A. Motors 1/2 HP and Larger: Three phase, unless otherwise indicated. 

B. Motors Smaller Than 1/2 HP: Single phase, unless otherwise indicated. 

C. Frequency Rating: 60 Hz. 

D. Voltage Rating: NEMA standard voltage selected to operate on nominal circuit 
voltage to which motor is connected. 

E. Service Factor: 1.15 for open dripproof motors; 1.0 for totally enclosed motors. 

F. Duty: Continuous duty at ambient temperature of 105 deg F and at altitude of 3300 
feet above sea level. 

G. Capacity and Torque Characteristics: Sufficient to start, accelerate, and operate 
connected loads at designated speeds, at installed altitude and environment, with 
indicated operating sequence, and without exceeding nameplate ratings or 
considering service factor. 

H. Brake Horsepower Input:  Shall not exceed 90 percent of the rated motor 
horsepower. 

I. Enclosure: Open dripproof (ODP) for motors installed indoors and out of the 
airstream. Totally-enclosed fan-cooled (TEFC) for motors installed outdoors or 
within the airstream. 

2.4 POLYPHASE MOTORS 

A. Description: NEMA MG 1, Design B, medium induction motor. 

B. Efficiency: Fire pump motors, C-face motors, JP and JM frame motors, and motors 
over 200 horsepower shall be energy efficient motors. Efficiency of the motor shall 
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be determined based on the NEMA MG1. The minimum efficiencies, nominal 
efficiencies and shall meet or exceed Table 12-11. 

 
     
 1800 RPM 1800 RPM 
 OPEN DRIP-PROOF MOTORS ENCLOSED MOTORS 
 4 POLE 4 POLE 
     
 NOMINAL MINIMUM NOMINAL MINIMUM 
HP EFF EFF EFF EFF 
1 82.5 81.5 82.5 81.5 
1.5 84 82.5 84 82.5 
2 84 82.5 84 82.5 
3 86.5 85.5 87.5 86.5 
5 87.5 86.5 87.5 86.5 
7.5 88.5 87.5 89.5 88.5 
10 89.5 88.5 89.5 88.5 
15 91 90.2 91 90.2 
20 91 90.2 91 90.2 
25 91.7 91 92.4 91.7 
30 92.4 91.7 92.4 91.7 
40 93 92.4 93 92.4 
50 93 92.4 93 93 
60 93.6 93 93.6 93 
75 94.1 93.6 94.1 93.6 
100 94.1 93.6 94.5 94.1 
125 94.5 94.1 94.5 94.1 
150 95 94.5 95 94.5 
200 95 94.5 95 94.5 

 
     
  1200 RPM 3600 RPM 

  
OPEN DRIP-PROOF 

MOTORS 
OPEN DRIPPROOF 

MOTORS 
  6 POLE 2 POLE 
     
 NOMINAL MINIMUM NOMINAL MINIMUM 
HP EFF EFF EFF EFF 
1 80 78.5 -- -- 
1.5 84 82.5 82.5 81.5 
2 85.5 84 84 82.5 
3 86.5 85.5 84 82.5 
5 87.5 86.5 85.5 84 
7.5 88.5 87.5 85.5 86.5 
10 90.2 89.5 88.5 87.5 
15 90.2 89.5 89.5 88.5 
20 91 90.2 90.2 89.5 
25 91.7 91 91 90.2 
30 92.4 91.7 91 90.2 
40 93 92.4 91.7 91 
50 93 93 92.4 91.7 
60 93.6 93 93 92.4 
75 93.6 93 93 92.4 
100 94.1 93.6 93 92.4 
125 94.1 93.6 93.6 93 
150 94.5 94.1 93.6 93 
200 94.5 94.1 94.5 94.1 
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C. Efficiency: Motors 1 horsepower to 200 horsepower shall be premium efficient 
motors meeting requirements of NEMA Premium Efficiency Motor Program. 
Efficiency of the motor shall be determined based on the NEMA MG1. The nominal 
efficiencies shall meet or exceed Table 12-12. 

Nominal Efficiencies For “NEMA PremiumTM” Induction Motors 
Rated 600 Volts or Less (Random Wound) 

 
 Open Drip-Proof Totally Enclosed Fan-Cooled 
       
HP 6-pole 4-pole 2-pole 6-pole 4-pole 2-pole 
1 82.5 85.5 77.0 82.5 85.5 77.0 
1.5 86.5 86.5 84.0 87.5 86.5 84.0 
2 87.5 86.5 85.5 88.5 86.5 85.5 
3 88.5 89.5 85.5 89.5 89.5 86.5 
5 89.5 89.5 86.5 89.5 89.5 88.5 
7.5 90.2 91.0 88.5 91.0 91.7 89.5 
10 91.7 91.7 89.5 91.0 91.7 90.2 
15 91.7 93.0 90.2 91.7 92.4 91.0 
20 92.4 93.0 91.0 91.7 93.0 91.0 
25 93.0 93.6 91.7 93.0 93.6 91.7 
30 93.6 94.1 91.7 93.0 93.6 91.7 
40 94.1 94.1 92.4 94.1 94.1 92.4 
50 94.1 94.5 93.0 94.1 94.5 93.0 
60 94.5 95.0 93.6 94.5 95.0 93.6 
75 94.5 95.0 93.6 94.5 95.4 93.6 
100 95.0 95.4 93.6 95.0 95.4 94.1 
125 95.0 95.4 94.1 95.0 95.4 95.0 
150 95.4 95.8 94.1 95.8 95.8 95.0 
200 95.4 95.8 95.0 95.8 96.2 95.4 
 

Nominal Efficiencies For “NEMA PremiumTM” Induction Motors 
Rated Medium Volts for 5kV or Less (Form Wound) 

 
 Open Drip-Proof Totally Enclosed Fan-Cooled 
       
HP 6-pole 4-pole 2-pole 6-pole 4-pole 2-pole 
250 95.0 95.0 94.5 95.0 95.0 95.0 
300 95.0 95.0 94.5 95.0 95.0 95.0 
350 95.0 95.0 94.5 95.0 95.0 95.0 
400 95.0 95.0 94.5 95.0 95.0 95.0 
450 95.0 95.0 94.5 95.0 95.0 95.0 
500 95.0 95.0 94.5 95.0 95.0 95.0 

D. Stator: Copper windings, unless otherwise indicated. 

1. Multispeed motors shall have separate winding for each speed. 

E. Rotor: Squirrel cage, unless otherwise indicated. 

F. Bearings: Grease lubricated anti-friction ball bearings with housings equipped with 
plugged provision for relubrication, rated for minimum ABMA 9, L-10 life of 120,000 
hours. Calculate bearing load with NEMA minimum V- belt pulley with belt center line 
at end of NEMA standard shaft extension. Stamp bearing sizes on nameplate. 

G. Temperature Rise: Match insulation rating, unless otherwise indicated. 

H. Insulation: Class F, unless otherwise indicated. 
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I. Code Letter Designation: 

1. Motors 10 HP and Larger: NEMA starting Code (KVA Code) F or G. 
2. Motors Smaller Than 10 HP: Manufacturer's standard starting characteristic. 
3. Fire Pump Motors: NEMA starting Code (KVA Code) B. 

J. Enclosure: Cast iron for motors 7.5 hp and larger; rolled steel for motors smaller than 
7.5 hp. 

1. Finish: Gray enamel. 

K. Sound Level: Not to exceed NEMA MG-1 12.54. 

2.5 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS 

A. Motors Used with Reduced-Inrush Controllers: Match wiring connection requirements 
for controller with required motor leads. Provide terminals in motor terminal box, 
suited to control method. 

B. Motors Used with Variable Frequency Controllers:  Ratings, characteristics, and 
features coordinated with and approved by controller manufacturer. 

1. Windings: Copper magnet wire with moisture-resistant insulation varnish, 
designed and tested to resist transient spikes, high frequencies, and short time 
rise pulses produced by pulse-width modulated inverters. 

2. Premium-Efficient Motors: Class B temperature rise; Class F insulation. 

C. Shaft Grounding: Provide a means to protect motor from common mode currents. 

1. Required for: 

a. Motors used with variable frequency controllers. 
b. Motors 100 HP and larger. 

2. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Electro Static Technology, Inc.; Aegis SGR Conductive Microfiber. 

D. Severe-Duty Motors: Totally enclosed, with 1.25 minimum service factor, greased 
bearings, integral condensate drains, and capped relief vents. Windings insulated 
with nonhygroscopic material. 

1. Finish: Chemical-resistant paint over corrosion-resistant primer. 

E. Source Quality Control: Perform the following tests on each motor according to 
NEMA MG 1: 

1. Measure winding resistance. 
2. Read no-load current and speed at rated voltage and frequency. 
3. Measure locked rotor current at rated frequency. 
4. Perform high-potential test. 
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2.6 ELECTRONICALLY COMMUTATED MOTOR (ECM) 

A. Furnish for equipment where specified or scheduled with ECM. 

1. Synchronous, constant torque, ECM with permanent magnet rotor. Rotor 
magnets to be time-stable, nontoxic ceramic magnets (Sr-Fe). 

2. Driven by a frequency converter with an integrated power factor correction 
filter. Conventional induction motors will not be acceptable. 

3. Each motor with an integrated variable-frequency drive, tested as one unit by 
manufacturer. 

4. Motor speed adjustable over full range from 0 rpm to maximum scheduled 
speed. 

5. Variable motor speed to be controlled by a 0- to 10 V-dc or 4- to 20-mA input. 
6. Integrated motor protection verified by UL to protect equipment against over-

/undervoltage, overtemperature of motor, electronics, or both, overcurrent, 
locked rotor, and dry run (no-load condition). 

2.7 SINGLE-PHASE MOTORS 

A. Type: One of the following, to suit starting torque and requirements of specific motor 
application: 

1. Permanent-split capacitor. 
2. Split-phase start, capacitor run. 
3. Capacitor start, capacitor run. 

B. Shaded-Pole Motors: For motors 1/20 hp and smaller only. 

C. Thermal Protection: Internal protection to automatically open power supply circuit to 
motor when winding temperature exceeds a safe value calibrated to temperature 
rating of motor insulation. Thermal-protection device shall automatically reset when 
motor temperature returns to normal range. 

D. Bearings: Ball type for belt-connected motors and other motors with high radial 
forces on motor shaft; sealed, prelubricated-sleeve type for other single-phase 
motors. 

2.8 ENCLOSED CONTROLLERS 

A. Provide enclosed controllers in accordance with requirements specified in Division 
26 Section “Enclosed Controllers”. 

2.9 ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

A. Provide enclosed switches and circuit breakers in accordance with requirements 
specified in Division 26 Section “Enclosed Switches and Circuit Breakers”. 

2.10 FUSES 

A. Provide fuses in accordance with requirements specified in Division 26 Section 
“Fuses”. 
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PART 3 - EXECUTION 

3.1 FIELD QUALITY CONTROL 

A. All three phase motors 1/2 HP and above shall be tested by the Testing Agency. 

B. Prepare for acceptance tests as follows: 

1. Check motor nameplates for horsepower, speed, phase and voltage. 
2. Check coupling alignment and shaft end play. 
3. Run each motor with its controller. Demonstrate correct rotation, alignment, 

and speed at motor design load. 
4. Test interlocks and control features for proper operation. 
5. Verify that current in each phase is within nameplate rating. 

C. Testing: Owner will engage a qualified testing agency to perform the following field 
quality-control testing: 

D. Testing: Engage a qualified testing agency to perform the following field quality-
control testing: 

E. Testing: Perform the following field quality-control testing: 

1. Perform each electrical test and visual and mechanical inspection stated in 
NETA ATS, Section 7.15.1. Certify compliance with test parameters. 

2. Jog motor as required to verify proper phase and shaft rotation. Immediately 
after start-up, check bearing temperature and smooth operation. Take current 
reading at full load using a clamp-on ammeter. If ammeter reading is over the 
rated full load current, determine reason for discrepancy and take necessary 
corrective actions. Record all readings, motor nameplate data and overload 
heater data. 

3. Correct malfunctioning units on-site, where possible, and retest to demonstrate 
compliance; otherwise, replace with new units and retest. 

3.2 ADJUSTING 

A. Align motors, bases, shafts, pulleys and belts. Tension belts according to 
manufacturer's written instructions. 

3.3 CLEANING 

A. After completing equipment installation, inspect unit components. Remove paint 
splatters and other spots, dirt, and debris. Repair damaged finish to match original 
finish. 

B. Clean motors, on completion of installation, according to manufacturer's written 
instructions. 

END OF SECTION 200513 
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PART 3 - EXECUTION .................................................................................................................................................. 3 

3.1 FLEXIBLE CONNECTOR APPLICATIONS.......................................................................................... 3 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 
3. Division 23 Section “Refrigerant Piping.” 

1.2 DEFINITIONS 

A. BR: Butyl rubber. 

B. CR: Chlorosulfonated polyethylene synthetic rubber (Neoprene). 

C. CSM: Chlorosulfonyl-polyethylene rubber (Hypalon). 

D. EPDM: Ethylene-propylene-diene terpolymer rubber. 

E. NBR: Buna-N/Nitrile rubber. 

F. NR: Natural rubber. 

G. PTFE: Polytetrafluoroethylene plastic. 

1.3 PERFORMANCE REQUIREMENTS 

A. Compatibility: Products shall be suitable for piping system fluids, materials, working 
pressures, and temperatures. 
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B. Capability: Products shall absorb 150 percent of maximum axial movement between 
anchors. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of pipe flexible connector, expansion joint and alignment 
guide indicated. 

1.5 INFORMATIONAL SUBMITTALS 

A. Delegated-Design Submittal: 

1. Design calculations and detailed fabrication and assembly of pipe anchors and 
alignment guides for multiple pipes, expansion joints and loops, and attachments 
of the same to the building structure. 

2. Locations of pipe anchors and alignment guides and expansion joints and loops. 

B. Shop Drawings: Signed and sealed by a qualified professional engineer. 

1. Design Calculations: Calculate requirements for thermal expansion of piping 
systems and for selecting and designing expansion joints, loops, and bends. 

2. Anchor Details: Detail fabrication of each anchor indicated. Show dimensions 
and methods of assembly and attachment to building structure. 

3. Alignment Guide Details: Detail field assembly and attachment to building 
structure. 

4. Schedule: Indicate type, manufacturer's number, size, material, pressure rating, 
end connections, and location for each expansion joint. 

C. Product Certificates: For each type of pipe expansion joint, signed by product 
manufacturer. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For pipe expansion joints to include in operation and 
maintenance manuals. 

1.7 QUALITY ASSURANCE 

A. Regulatory Requirements: Comply with requirements in Public Law 111-380, 
"Reduction of Lead in Drinking Water Act," about lead content in materials that will be 
in contact with potable water for human consumption. 

B. Comply with NSF 61, "Drinking Water System Components - Health Effects; Sections 1 
through 9," and NSF 372 Drinking Water System Components – Lead Content for 
potable domestic water piping and components. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 FLEXIBLE CONNECTORS 

A. Hose and Braid Flexible Connectors: 

1. Manufacturers: 

a. Adsco Manufacturing, LLC. 
b. Flex-Hose Co., Inc. 
c. Flex-Weld, Inc. 
d. Hyspan Precision Products, Inc. 
e. Metraflex, Inc. 
f. Senior Flexonics, Inc.; Pathway Division. 
g. Twin City Hose, Inc. 

2. Flexible Connectors for Copper Piping: Multiple-ply phosphor-bronze 
corrugated hose with bronze outer braid, copper ferrule, and copper pipe end 
connections. 

3. Flexible Connectors for Steel Piping: Multiple-ply stainless-steel corrugated hose 
with stainless steel outer braid, and steel pipe end connections. 

4. Minimum Pressure Rating: 150 psig, unless otherwise indicated. 
5. Maximum Temperature Rating: 450 deg F for copper piping connectors, 800 

deg F for steel piping connectors. 

PART 3 - EXECUTION 

3.1 FLEXIBLE CONNECTOR APPLICATIONS 

A. Use hose and braid flexible pipe connectors at the inlet and outlet water connections 
of base mounted pumps, chillers, and cooling towers, unless otherwise indicated. 

1. Flexible Connectors: Stainless steel hose and braid style with threaded end 
connections for pipe sized NPS 2 and smaller. 

2. Flexible Connectors: Stainless steel hose and braid style with steel flange end 
connections for pipe sized NPS 2-1/2 and larger. 

B. Flexible Pipe Connectors for Refrigerant Pipe: Refer to Division 23 Section “Refrigerant 
Piping.” 

END OF SECTION 200516 
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SECTION 200519 - METERS AND GAGES 

PART 1 - GENERAL ......................................................................................................................................................... 1 
1.1 RELATED DOCUMENTS ............................................................................................................................. 1 
1.2 DEFINITIONS ................................................................................................................................................... 1 
1.3 ACTION SUBMITTALS ................................................................................................................................ 2 

1.4 INFORMATIONAL SUBMITTALS ........................................................................................................... 2 
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3.1 THERMOMETER APPLICATIONS .......................................................................................................... 5 

3.2 GAGE APPLICATIONS ............................................................................................................................... 5 

3.3 INSTALLATIONS .......................................................................................................................................... 5 

3.4 CONNECTIONS ............................................................................................................................................. 6 

3.5 ADJUSTING .................................................................................................................................................... 7 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 
3. Division 21 Section “Fire-Suppression Piping” for listed or approved pressure 

gages. 
4. Division 21 fire pump sections for fire-pump flowmeter systems. 
5. Division 22 Section "Domestic Water Piping" for domestic and fire-protection 

water service meters inside the building. 
6. Division 23 Section "Steam and Condensate Piping" for steam and condensate 

meters. 
7. Division 23 Section "Fuel Gas Piping" for gas utility meters. 

1.2 DEFINITIONS 

A. CR: Chlorosulfonated polyethylene synthetic rubber. 

B. EPDM: Ethylene-propylene-diene terpolymer rubber. 

C. FPR: Fiberglass reinforced plastic. 
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1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated; include performance curves. 

1.4 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: Schedule for the following indicating manufacturer's number, scale 
range, and location for each: 

1. Thermometers. 
2. Gages. 
3. Flowmeters. 
4. Thermal-energy meters. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For the following to include in operation and 
maintenance manuals: 

1. Flowmeters. 
2. Thermal-energy meters. 

1.6 QUALITY ASSURANCE 

A. Regulatory Requirements: Comply with requirements in Public Law 111-380, 
"Reduction of Lead in Drinking Water Act," about lead content in materials that will be 
in contact with potable water for human consumption. 

B. Comply with NSF 61, "Drinking Water System Components - Health Effects; Sections 1 
through 9," and NSF 372 Drinking Water System Components – Lead Content for 
potable domestic water piping and components. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 METAL-CASE, LIQUID-IN-GLASS THERMOMETERS 

A. Manufacturers: 

1. AMETEK, Inc.; U.S. Gauge Div. 
2. Miljoco Corporation. 
3. REOTEMP Instrument Corporation. 
4. Trerice, H. O. Co. 
5. Weiss Instruments, Inc. 
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6. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div. 

B. Case: Die-cast aluminum or Chrome-plated brass, 9 inches long. 

C. Tube: Red, blue, or green reading, organic-liquid filled, with magnifying lens. 

D. Tube Background: Satin-faced, nonreflective aluminum with permanent scale 
markings. 

E. Window: Glass or plastic. 

F. Connector: Adjustable type, 180 degrees in vertical plane, 360 degrees in horizontal 
plane, with locking device. 

G. Stem: Copper-plated steel, aluminum, or brass for thermowell installation and of length 
to suit installation. 

H. Accuracy: Plus or minus 1 percent of range or plus or minus 1 scale division to maximum 
of 1.5 percent of range. 

2.3 THERMOWELLS 

A. Manufacturers: Same as manufacturer of thermometer being used. 

B. Description: Pressure-tight, socket-type metal fitting made for insertion into piping 
and of type, diameter, and length required to hold thermometer. Brass for compatible 
services less than 353 degrees F; ANSI 18-8 stainless steel for all others to suit service. 
Furnish extension neck to accommodate insulation where applicable. 

2.4 PRESSURE GAGES 

A. Manufacturers: 

1. AMETEK, Inc.; U.S. Gauge Div. 
2. Cambridge. 
3. Dwyer Instruments, Inc. 
4. Marsh Bellofram. 
5. Miljoco Corporation. 
6. Trerice, H. O. Co. 
7. Weiss Instruments, Inc. 
8. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div. 

B. Direct-Mounting, Dial-Type Pressure Gages: Indicating-dial type complying with 
ASME B40.100. 

1. Case: Stainless steel, aluminum, or FRP, 6-inch diameter. 
2. Pressure-Element Assembly: Bourdon tube, unless otherwise indicated. 
3. Pressure Connection: Brass, NPS 1/4, bottom-outlet type unless back-outlet type 

is indicated. 
4. Movement: Mechanical, with link to pressure element and connection to pointer. 
5. Dial: Satin-faced, nonreflective aluminum with permanent scale markings. 
6. Pointer: Red or other dark-color metal. 
7. Window: Glass or plastic. 
8. Ring: Stainless steel or chrome plated metal. 
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C. Accuracy: Grade A, plus or minus 1 percent of middle half  scale. 

1. Vacuum-Pressure Range: 30-in. Hg of vacuum to 15 psig of pressure. 
2. Water: 0-100 PSIG (1 psi divisions to 50 psi; 5 psi divisions above 50 psi), liquid 

filled. 
3. Steam (15 psig and less): 30 inches Hg vacuum-30 PSIG (1 inch divisions below 

0 psi; 1 psi divisions above 0 psi), silicone dampened. 
4. Steam (16 to 60 psig): 30 inches Hg vacuum-100 PSIG, silicone dampened. 
5. Range for Fluids under Pressure: 1-1/2 times expected working pressure. If not a 

standard scale, select next largest scale. 

D. Pressure-Gage Fittings: 

1. Valves: NPS 1/4 brass ball type. 
2. Syphons: NPS 1/4 coil of brass tubing with threaded ends. 
3. Snubbers: ASME B40.5, NPS 1/4 brass bushing with corrosion-resistant, porous-

metal disc of material suitable for system fluid and working pressure. 

2.5 TEST PLUGS 

A. Manufacturers: 

1. Peterson Equipment Co., Inc. 
2. Miljoco Corporation. 

B. Description: Corrosion-resistant brass or stainless-steel body with core inserts and 
gasketed and threaded cap, with extended stem for units to be installed in insulated 
piping. 

C. Minimum Pressure and Temperature Rating: 500 psig at 200 deg F for cold services, 
and 500 psig at 275 deg F for hot services. 

D. Core Inserts: One or two self-sealing rubber valves. 

1. Insert material for air, water, oil, or gas service at 20 to 200 deg F shall be 
Neoprene. 

2. Insert material for air or water service at minus 30 to plus 275 deg F shall be 
Nordel. 

2.6 PITOT-TUBE FLOWMETERS 

A. Manufacturers: 

1. Dieterich Standard; Subsidiary of Rosemount Division of Emerson Process 
Management. 

2. Preso Meters Corporation. 
3. Taco, Inc. 
4. World Class Engineered Products, Inc.; PSE Division. 

B. Description: Insertion-type, differential-pressure design for inserting probe into piping 
and measuring flow directly in gallons per minute. 

C. Construction: Stainless-steel probe of length to span inside of pipe; with integral 
transmitter and direct-reading scale. 
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D. Pressure Rating: 150 psig minimum. 

E. Temperature Rating: 250 deg F minimum. 

F. Display: Visual instantaneous rate of flow, with register to indicate total volume in 
gallons. 

G. Integral Transformer: For low-voltage power connection. 

H. Accuracy: Plus or minus 1 percent for liquids and gases. 

PART 3 - EXECUTION 

3.1 THERMOMETER APPLICATIONS 

A. Install liquid-in-glass thermometers in the following locations: 

1. Inlet and outlet of each hydronic zone. 
2. Inlet and outlet of each hydronic boiler and chiller. 
3. Inlet and outlet of each hydronic coil in air-handling units and built-up central 

systems. 
4. Inlet and outlet of each hydronic heat exchanger. 
5. Inlet and outlet of each hydronic heat-recovery unit. 
6. Inlet and outlet of each thermal storage tank. 
7. Outside-air, return-air, and mixed-air ducts. 

B. Provide the following temperature ranges for thermometers: 

1. Domestic Hot Water: 30 to 180 deg F, with 2-degree scale divisions. 
2. Domestic Cold Water: 30 to 130 deg F, with 2-degree scale divisions. 
3. Heating Hot Water: 30 to 240 deg F, with 2-degree scale divisions. 
4. Chilled Water: 0 to 100 deg F, with 2-degree scale divisions. 

3.2 GAGE APPLICATIONS 

A. Install dry-case-type pressure gages on inlet and outlet of each pressure-reducing 
valve. 

B. Install liquid-filled-case-type pressure gages at chilled- and condenser-water inlets 
and outlets of chillers. 

C. Install liquid-filled-case-type pressure gages at suction and discharge of each pump. 

3.3 INSTALLATIONS 

A. Install direct-mounting thermometers and adjust vertical and tilted positions. 

B. Install thermowells with socket extending to center of pipe and in vertical position in 
piping tees where thermometers are indicated. 
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C. Duct Thermometer Support Flanges: Install in wall of duct where duct thermometers 
are indicated. Attach to duct with screws. 

D. Install direct-mounting pressure gages in piping tees with pressure gage located on 
pipe at most readable position. 

E. Install ball valve and snubber fitting in piping for each pressure gage for fluids (except 
steam). 

F. Install ball valve and syphon fitting in piping for each pressure gage for steam. 

G. Install test plugs in tees in piping. 

H. Install flow indicators, in accessible positions for easy viewing, in piping systems. 

I. Assemble and install connections, tubing, and accessories between flow-measuring 
elements and flowmeters as prescribed by manufacturer's written instructions. 

J. Install flowmeter elements in accessible positions in piping systems. 

K. Install differential-pressure-type flowmeter elements with at least minimum straight 
lengths of pipe upstream and downstream from element as prescribed by 
manufacturer's written instructions. 

L. Install wafer-orifice flowmeter elements between pipe flanges. 

M. Install permanent indicators on walls or brackets in accessible and readable positions. 

N. Install connection fittings for attachment to portable indicators in accessible locations. 

O. Install flowmeters at discharge of hydronic system pumps and at inlet of hydronic air 
coils. 

P. Assemble components and install thermal-energy meters. 

Q. Mount meters on wall if accessible; if not, provide brackets to support meters. 

3.4 CONNECTIONS 

A. Install meters and gages adjacent to machines and equipment to allow service and 
maintenance for meters, gages, machines, and equipment. 

B. Connect flowmeter-system elements to meters. 

C. Connect flowmeter transmitters to meters. 

D. Connect thermal-energy-meter transmitters to meters. 

E. Ground equipment according to Division 26 Section "Grounding and Bonding." 

F. Connect wiring according to Division 26 Section "Conductors and Cables." 
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3.5 ADJUSTING 

A. Calibrate meters according to manufacturer's written instructions, after installation. 

B. Adjust faces of meters and gages to proper angle for best visibility. 

END OF SECTION 200519 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Fabrications" for structural-steel shapes and plates for trapeze hangers for pipe 
and equipment supports. 

2. Division 20 Section “Mechanical General Requirements.” 
3. Division 20 Section “Basic Mechanical Materials and Methods.” 
4. Division 20 Section "Mechanical Vibration Controls" for vibration isolation 

devices. 
5. Division 20 Section "Pipe Flexible Connectors, Expansion Fittings and Loops" for 

pipe guides and anchors. 
6. Division 21 Section "Fire-Suppression System" for pipe hangers for fire-

protection piping. 
7. Division 23 Section(s) "Metal Ducts for duct hangers and support. 
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1.2 DEFINITIONS 

A. MSS: Manufacturers Standardization Society for the Valve and Fittings Industry Inc. 

B. MFMA: Metal Framing Manufacturers Association. 

1.3 PERFORMANCE REQUIREMENTS 

A. Design supports for multiple pipes, including pipe stands, capable of supporting 
combined weight of supported systems, system contents, and test water. 

B. Design equipment supports capable of supporting combined operating weight of 
supported equipment and connected systems and components. 

1.4 ACTION SUBMITTALS 

A. Product Data: For the following: 

1. Steel pipe hangers and supports. 
2. Thermal-hanger shield inserts. 

1.5 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: Show fabrication and installation details and include calculations for 
the following: 

1. Trapeze pipe hangers. Include Product Data for components. 
2. Metal framing systems. Include Product Data for components. 
3. Pipe stands. Include Product Data for components. 
4. Equipment supports. 

1.6 QUALITY ASSURANCE 

A. MSS Standards: Pipe hangers, supports, and accessories shall comply with the 
following: 

1. MSS SP-58, Pipe Hangers and Supports – Materials, Design and Manufacture, 
Selection, Application, and Installation. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 
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2.2 HANGER ROD MATERIAL 

A. Threaded, hot rolled, steel rod conforming to ASTM A 36 or A575. 

1. Rod continuously threaded. 
2. Use of rod couplings is prohibited. 

2.3 STEEL PIPE HANGERS AND SUPPORTS 

A. Description: MSS SP-58, Types 1 through 58, factory-fabricated components. Refer to 
Part 3 "Hanger and Support Applications" Article, and schedules and details on the 
Drawings for where to use specific hanger and support types. 

1. Hangers and Supports for Fire Protection Piping: UL listed or FMG approved. 

B. Manufacturers: 

1. Anvil; ASC Engineered Solutions. 
2. B-Line by Eaton. 
3. Carpenter & Paterson, Inc. 
4. Hilti USA. 
5. nVent Electric plc; CADDY. 
6. PHD Manufacturing, Inc. 

C. Galvanized, Metallic Coatings: Pregalvanized or hot dipped. 

D. Nonmetallic Coatings: Plastic coating, jacket, or liner. 

E. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion for 
support of bearing surface of piping. 

2.4 TRAPEZE PIPE HANGERS 

A. Description: MSS SP-58, Type 59, shop- or field-fabricated pipe-support assembly 
made from structural-steel shapes with MSS SP-58 hanger rods, nuts, saddles, and U-
bolts. 

2.5 METAL FRAMING SYSTEMS 

A. Description: MFMA-3, shop- or field-fabricated pipe-support assembly made of steel 
channels and other components. 

B. Manufacturers: 

1. Anvil; Anvil-Strut; ASC Engineered Solutions. 
2. B-Line by Eaton. 
3. nVent Electrical plc; ERISTRUT Div. 
4. Power-Strut; a part of Atkore International. 
5. Unistrut; a part of Atkore International. 
6. Hilti USA. 

C. Coatings: Manufacturer's standard finish, unless bare metal surfaces are indicated. 

D. Galvanized, Metallic Coatings: Pregalvanized or hot dipped. 
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E. Nonmetallic Coatings: Plastic coating, jacket, or liner. 

2.6 METAL INSULATION SHIELDS 

A. Manufacturers: 

1. Anvil; ASC Engineered Solutions. 
2. B-Line by Eaton. 
3. Carpenter & Paterson, Inc. 
4. nVent Electric plc; CADDY. 
5. PHD Manufacturing, Inc. 

B. Description: MSS SP-58, Type 40, protective shields. Shields shall span an arc of 180 
degrees. 

C. Shield Dimensions for Pipe: Not less than the following: 

1. NPS 1/4 to NPS 2: 12 inches long and 0.048 inch thick. 

2.7 PIPE COVERING PROTECTION SADDLES 

A. Manufacturers: 

1. Anvil; ASC Engineered Solutions. 
2. B-Line by Eaton. 
3. Carpenter & Paterson, Inc. 
4. nVent Electric plc; CADDY. 
5. PHD Manufacturing, Inc. 

B. Description:  MSS SP-58, Type 39A and Type 39B, for suspension of insulated hot pipe 
where heat losses are to be kept to a minimum.   

1. Saddles shall match insulation thickness. 
2. Saddle length: 12 inches. 
3. Furnish with center rib for pipe sized NPS 12 and larger. 

2.8 PLASTIC INSULATION SHIELDS 

A. Manufacturers: 

1. Anvil; ASC Engineered Solutions. 
2. Armacell LLC; Insuguard. 
3. B-Line by Eaton; Snap’N Shield. 
4. Hydra-Zorb Company; Bronco. 

B. Description:  Polypropylene copolymer protective shields with modular elements 
designed to snap directly onto strut channel, clevis hangers, or structural members.  
Shields shall span an arc of 180 degrees. 

1. Operating Temperature Range: Minus 40 deg F to plus 178 deg F . 

C. Certifications: 

1. UL Classified for USA: UL-723 (ASTM E 84). 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
HANGERS AND SUPPORTS  200529 - 5 

2. UL listed for Canada:  ULC-S102.2. 
3. Meets UL94 HB flammability standards. 

D. Shield Dimensions for Pipe:  Not less than the following: 

1. NPS 1/4 to NPS 4: 12 inches long. 

2.9 THERMAL-HANGER SHIELDS 

A. Manufacturers: 

1. American Mechanical Insulation Sales Inc. (AMIS). 
2. B-Line by Eaton. 
3. nVent Electric plc; CADDY. 
4. Pipe Shields, Inc.; a subsidiary of Piping Technology & Products, Inc. 
5. Rilco Manufacturing Company, Inc. 
6. Value Engineered Products, Inc. 

B. Description: Manufactured assembly consisting of insulation insert encased in 360 
degree sheet metal shield. 

1. Minimum Compressive Strength of Insert Material: 

a. 100-psig- for sizes smaller than NPS 6. 
b. 600-psig- for sizes NPS 6 and larger. 

C. Insulation-Insert Material for Cold Piping: Full 360 degree, water-repellent treated, 
ASTM C 533, Type I calcium silicate with vapor barrier. 

D. Insulation-Insert Material for Hot Piping: Full 360 degree, water-repellent treated, 
ASTM C 533, Type I calcium silicate. 

E. Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below 
ambient air temperature. 

F. Include carbon steel ASTM A36 load distribution plates as required by load, pipe 
movement, hanger style, and hanger spacing. 

G. Thermal-Hanger Shields for Flexible Foamed Elastomeric Insulated Piping: 

1. Manufacturer: 

a. B-Line by Eaton/Armacell; Armafix IPH. 
b. Aeroflex USA, Inc,; Aerofix-U. 
c. ZSi-Foster, Inc.; Cush-A-Therm. 

2. Insulation-Insert Material for Copper Piping with Flexible Foamed Elastomeric 
Insulation: Use the following: 

a. Flexible foamed elastomeric, ASTM 534, Type I-Tubular Grade 1 with 
PUR/PIP support inserts. 

H. Thermal-Hanger Shields for Small Diameter Piping: 

1. Manufacturer: 
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a. Hydra-Zorb Company; Klo-Shure Insulation Couplings. 

2. Insulation-Insert Material for Small Diameter Piping with Flexible Foamed 
Elastomeric or Glass Fiber Insulation:  Use the following: 

a. Rigid Hytrel thermoplastic insulation coupling designed for use with pipe 
or tube NPS 4 and smaller, and insulation from 3/8 inch to 1-1/2 inch thick. 

2.10 FASTENER SYSTEMS 

A. Post-Installed Anchors:  

1. Mechanical-Expansion Anchors: Insert-wedge-type zinc-coated steel, for use in 
hardened portland cement concrete with pull-out, tension, and shear capacities 
appropriate for supported loads and building materials where used. 

a. Manufacturers: 

1) B-Line by Eaton. 
2) DeWalt Engineered by Powers. 
3) Hilti, Inc. 
4) ITW Ramset/Red Head. 
5) MKT Fastening, LLC. 

2. Internally Threaded Screw Anchors: Internally threaded, self-tapping screw 
anchor designed for performance in cracked and uncracked concrete. Suitable 
base materials include normal-weight concrete, sand-lightweight concrete and 
concrete over steel deck. 

a. UL Listed or FMG approved for fire sprinkler piping. 
b. Available Sizes: For1/4-inch, 3/8-inch, and 1/2-inch diameter rod sizes 
c. Manufacturers: 

1) B-Line by Eaton; Rapid Rod Hangers. 
2) DeWalt Engineered by Powers; Snake+. 

2.11 ROOF MOUNTED PIPING SUPPORTS 

A. Pipe Stands, General: Shop or field-fabricated assemblies made of manufactured 
corrosion-resistant components to support roof-mounted piping. 

B. Low, Fixed-Height, Single-Base Stand: Assembly of base and horizontal member, and 
pipe support, for roof installation without membrane penetration. 

1. Manufacturers: 

a. B-Line by Eaton; Dura-Blok. 
b. Eco Support Products. 
c. MIFAB, Inc.; C-Port. 
d. MIRO Industries; Conduit and Condensate Supports, and Rooftop Sleeper 

Support. 
e. nVent Electric plc; CADDY. 
f. Portable Pipe Hangers. 

2. Base: Plastic, stainless steel, or recycled rubber. 
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3. Horizontal Member: Cadmium-plated-steel or galvanized-steel strut designed 
for use with standard strut clamps and accessories. 

C. Low, Adjustable-Height, Single-Base Stand: Assembly of base, horizontal member, and 
adjustable vertical members, and pipe support, for roof installation without membrane 
penetration. 

1. Manufacturers: 

a. B-Line by Eaton; Dura-Blok. 
b. Eco Support Products. 
c. MIFAB, Inc.; C-Port. 
d. MIRO Industries; Conduit and Condensate Supports. 
e. nVent Electric plc; CADDY. 
f. Portable Pipe Hangers. 

2. Base: Plastic, stainless steel, or recycled rubber. 
3. Horizontal Member: Cadmium-plated-steel or galvanized-steel strut designed 

for use with standard strut clamps and accessories. 
4. Vertical Members: Threaded, hot rolled, steel rod conforming to ASTM A 36 or 

A575 with cadmium plated nuts and washers. Rod continuously threaded. 

D. High, Adjustable-Height, Single-Base Stand: Assembly of base, horizontal member, 
and adjustable vertical members, and clevis type pipe support, for roof installation 
without membrane penetration. 

1. Manufacturers: 

a. B-Line by Eaton; Dura-Blok. 
b. Eco Support Products. 
c. MIFAB, Inc.; C-Port. 
d. MIRO Industries; Water and Steam Supports. 
e. nVent Electric plc; CADDY. 
f. Portable Pipe Hangers. 

2. Base: Plastic, stainless steel, or recycled rubber. 
3. Horizontal Member: Cadmium-plated-steel or galvanized-steel strut designed 

for use with standard strut clamps and accessories. 
4. Vertical Members: Threaded, hot rolled, steel rod conforming to ASTM A 36 or 

A575 with cadmium plated nuts and washers. Rod continuously threaded. 

E. Low, Fixed-Height, Single-Base Roller Stand: Assembly of base and horizontal roller, 
for roof installation without membrane penetration. 

1. Manufacturers: 

a. B-Line by Eaton; Dura-Blok. 
b. Eco Support Products. 
c. MIFAB, Inc.; C-Port. 
d. MIRO Industries; Gas and Mechanical Supports. 
e. nVent Electric plc; CADDY. 
f. Portable Pipe Hangers. 

2. Base: Plastic, stainless steel, or recycled rubber. 
3. Horizontal Member: Cadmium-plated-steel rod and corrosion resistant roller 

designed for use with standard accessories. 
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F. Low, Adjustable-Height, Single-Base Roller Stand: Assembly of base and horizontal 
roller, for roof installation without membrane penetration. 

1. Manufacturers: 

a. B-Line by Eaton; Dura-Blok. 
b. Eco Support Products. 
c. MIFAB, Inc.; C-Port. 
d. MIRO Industries; Gas and Mechanical Supports. 
e. nVent Electric plc; CADDY. 
f. Portable Pipe Hangers. 

2. Base: Plastic, stainless steel, or recycled rubber. 
3. Horizontal Member: Cadmium-plated-steel rod and corrosion resistant roller 

designed for use with standard accessories. 
4. Vertical Members: Threaded, hot rolled, steel rod conforming to ASTM A 36 or 

A575 with cadmium plated nuts and washers.  Rod continuously threaded. 

G. High, Multiple-Base Pipe Stand: Assembly of bases, vertical and horizontal members, 
and pipe supports, for roof installation without membrane penetration. 

1. Manufacturer: 

a. B-Line by Eaton; Dura-Blok. 
b. Eco Support Products. 
c. MIFAB, Inc.; C-Port. 
d. MIRO Industries; Water and Steam Supports. 
e. nVent Electric plc; CADDY. 
f. Portable Pipe Hangers. 

2. Bases: Two or more plastic, steel, or recycled rubber. 
3. Vertical Members: Two or more protective-coated-steel channels. 
4. Horizontal Member: Protective-coated-steel channel. 
5. Pipe Supports: Galvanized-steel, clevis-type pipe hangers. 

H. Custom, Multiple-Base Pipe Stand: Assembly of bases, vertical and horizontal 
members, and pipe supports or rollers, for roof installation without membrane 
penetration. 

1. Manufacturer: 

a. B-Line by Eaton; Dura-Blok. 
b. Eco Support Products. 
c. MIFAB, Inc.; C-Port. 
d. MIRO Industries; Custom Design Products. 
e. nVent Electric plc; CADDY. 
f. Portable Pipe Hangers. 

2. Bases: Four or more plastic, steel, or recycled rubber. 
3. Vertical Members: Two or more protective-coated-steel channels. 
4. Horizontal Member: Protective-coated-steel channel. 
5. Pipe Supports: Galvanized-steel, clevis-type pipe hangers. 
6. Pipe Rollers: Cadmium-plated-steel rod and corrosion resistant roller designed 

for use with standard accessories. 

I. Curb-Mounting Pipe Stands: Shop- or field-fabricated pipe support made from 
structural-steel shape, continuous-thread rods, and rollers for mounting on permanent 
stationary roof curb. 
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1. Roof Curb Type Supports: Coordinate installation and type with Architectural 
Trades. Top shall be level and extend a minimum of 10 inches above top of roof 
insulation. 

a. Manufacturers: 

1) Pate. 
2) Thybar; Thycurb. 
3) Roof Products and Systems. 
4) Greenheck. 
5) Creative Metals. 

2.12 ROOF MOUNTED EQUIPMENT SUPPORTS 

A. Equipment Stands, General: Shop or field-fabricated assemblies made of 
manufactured corrosion-resistant components to support roof-mounted equipment. 

B. Non-Penetrating Equipment Supports: Assembly of two or more bases and horizontal 
members, for roof installation without membrane penetration. 

1. Manufacturers: 

a. B-Line by Eaton; Dura-Blok. 
b. Eco Support Products. 
c. MIFAB, Inc.; C-Port. 
d. MIRO Industries; HD and LD Mechanical Unit Supports. 
e. nVent Electric plc; CADDY. 
f. Portable Pipe Hangers. 

2. Base: Plastic, stainless steel, or recycled rubber. 
3. Horizontal Member: Cadmium-plated-steel, galvanized-steel, or stainless steel 

strut, and planking; designed for use with standard strut clamps, all-thread rood, 
and accessories. 

C. Roof Rail-Type Equipment Stands: Welded 18 gage galvanized steel shell, base plate 
and counter flashing. Factory installed chemically treated wood nailer. Fully mitered 
end sections. Internal bulkhead reinforcement. 

1. Roof Rail Type Supports: Coordinate installation and type with Architectural 
Trades. Top shall be level and extend a minimum of 10 inches above top of roof 
insulation. 

a. Manufacturers: 

1) Pate. 
2) Thybar; TEMS Series. 
3) Roof Products and Systems. 
4) Greenheck. 
5) Creative Metals. 

2.13 EQUIPMENT SUPPORTS 

A. Description: Welded, shop- or field-fabricated equipment support made from 
structural-steel shapes. 
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2.14 MISCELLANEOUS MATERIALS 

A. Structural Steel: ASTM A 36/A 36M, steel plates, shapes, and bars; black and 
galvanized. 

B. Grout: ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink 
and nonmetallic grout; suitable for interior and exterior applications. 

1. Properties: Nonstaining, noncorrosive, and nongaseous. 
2. Design Mix: 5000-psi, 28-day compressive strength. 

PART 3 - EXECUTION 

3.1 HANGER AND SUPPORT APPLICATIONS 

A. Refer to application schedules on the Drawings. 

B. For insulated pipe, oversize hanger elements to accommodate insulation thickness. 

C. Specific hanger and support requirements are specified in Sections specifying piping 
systems and equipment. 

D. Comply with MSS SP-58 for pipe hanger selections and applications that are not 
specified in piping system Sections. 

E. Use hangers and supports with galvanized, metallic coatings for outdoor applications 
or where exposed to outdoor conditions. 

F. Use hangers and supports with plastic coating, or galvanized metallic coatings for 
applications in corrosive atmospheres. 

G. Use metal framing, with plastic coating, or galvanized metallic coatings for metal 
framing in corrosive atmospheres. 

H. Use nonmetallic coatings on attachments for electrolytic protection where 
attachments are in direct contact with copper tubing. 

I. Use padded hangers for piping that is subject to scratching. 

J. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping 
system Sections, install the following types: 

1. MSS Type 8 or spring type to meet system requirements. 

K. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in 
piping system Sections, install the following types: 

1. Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches for heavy loads. 
2. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations. 
3. Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11, split pipe rings. 
4. Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various 

types of building attachments. 
5. Steel Weldless Eye Nuts (MSS Type 17): For 120 to 450 deg F piping installations. 
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L. Concrete Structure Building Attachments: Unless otherwise indicated and except as 
specified in piping system Sections, install the following types: 

1. Anchor Devices, Concrete and Masonry: in accordance with Group I, Group II, 
Type 2, Class 2, Style 1 and Style 2, Group III and Group VIII or FS FF-S-325A. 
Furnish cast-in floor type equipment anchor devices with adjustable positions. 
Furnish built in anchor devices for masonry, unless otherwise approved by the 
Architect. Powder actuated anchoring devices shall not be used to support any 
mechanical systems components. 

2. Inserts, Concrete: TYPE 18 or 19. When applied to loads equivalent to piping in 
sizes NPS 2 and larger, and where otherwise required by imposed loads, a one 
foot length of 1/2 inch reinforcing rod shall be inserted and wired through wing 
slots. Proprietary type continuous inserts may be proposed and shall be 
submitted for approval. 

3. Use mechanical-expansion anchors where required in concrete construction. 
4. Use chemical fasteners where required in concrete construction. 

M. Steel Frame Structure Building Attachments: Unless otherwise indicated and except 
as specified in piping system Sections, install the following types: 

1. Beam Clamps: 

a. Center Loading: TYPE 21, 28, 29 and 30, unless otherwise indicated. Type 
27 shall be allowed to support single pipes NPS 6 size or smaller only. 

b. "C" Clamps: Type 19, 20 or 23, for supporting single pipes NPS 2-1/2 size 
or smaller only. Use of "C" clamps, or beam clamps of "C" pattern, or any 
modification thereof, is prohibited for supporting multiple pipes or pipes 
larger than NPS 2-1/2. 

N. Hanger-Rod Attachments for Wood Construction: Unless otherwise indicated and 
except as specified in piping system Sections, install the following types: 

1. All Steel Ceiling Plates: UL listed and suitable for attachment to wood beams. 
For pipe sizes NPS 1/2 to NPS 2. Install in accordance with manufacturer’s 
instructions to maintain listing. 

2. Threaded Side Beam Brackets: UL listed and FMG approved, suitable for 
attachment to wood beams. For pipe sizes NPS 2 to NPS 4. Install in accordance 
with manufacturer’s instructions to maintain listing. 

O. Comply with MSS SP-58 for trapeze pipe hanger selections and applications that are 
not specified in piping system Sections. 

P. Comply with MFMA-102 for metal framing system selections and applications that are 
not specified in piping system Sections. 

3.2 HANGER AND SUPPORT INSTALLATION 

A. Steel Pipe Hanger Installation: Comply with MSS SP-58. Install hangers, supports, 
clamps, and attachments as required to properly support piping from building 
structural frame. 

B. Provide necessary piping and equipment supporting elements including: building 
structure attachments, supplementary steel, hanger rods, stanchions and fixtures, 
vertical pipe attachments, horizontal pipe attachments, anchors, guides, spring 
supports in accordance with the referenced codes, standards, and requirements 
specified. Support piping and equipment from building structure, not from roof deck, 
floor slab, other pipe, duct or equipment. 
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C. At connections between piping systems, hangers and equipment of dissimilar metals, 
insulate, using dielectric insulating material, nonferrous piping against direct contact 
with the building steel by insulating the contact point of the hanger and pipe or the 
hanger and building steel. Test each point of dielectric insulation with an ohm meter 
to ensure proper isolation of dissimilar materials. Test shall be observed by the 
Owner's Representative and/or Architect. 

D. Use copper plated or plastic coated supporting element in contact with copper tubing 
or glass piping. 

E. File and paint cut ends and shop or field prime paint supporting element components. 

F. Secure Type 40 shields to support elements in a manner that prevents movement and 
damage to insulation and jacket materials. 

G. Hang piping parallel with the lines of the building, unless otherwise indicated. Route 
piping in an orderly manner and maintain gradient. Space piping and components so 
a threaded pipe fitting may be removed between adjacent pipes and so there will be 
not less than 1/2 inch of clear space between finished surfaces and piping. Arrange 
hangers on adjacent parallel service lines in line with each other. 

H. Flange loads on connected equipment shall not exceed 75 percent of maximum 
allowed by equipment manufacturer. Flange loads in liquid containing systems shall 
be checked in the presence of the Architect when piping is full of liquid. No flange load 
is allowed on pumps, vibration isolated equipment or flexible connectors. 

I. Spring supports, within specified limitations: Constant support type, where necessary 
to avoid transfer of load from support to support or onto connected equipment; 
otherwise, variable support type located at points subject to vertical movement. 

J. Incorporate pipe anchors into piping systems to maintain permanent pipe positions. 
Install alignment guides for the piping adjacent to and on each side of pipe expansion 
loops and expansion joints to maintain alignment. 

K. Where necessary, brace piping and supports against reaction, sway and vibration. 

L. Do not hang piping from joist pans, floor decks, roof decks, equipment, ductwork, or 
other piping. 

M. Install turnbuckles, swing eyes and clevises to accommodate temperature changes, 
pipe accessibility, and adjustment for load pitch. Rod couplings are not acceptable. 

N. Install hangers and supports for piping at intervals specified, at locations not more 
than 3 feet from the ends of each runout, not more than 3 feet from connections to 
equipment, and not over 25 percent of specified interval from each change in direction 
of piping and for concentrated loads such as valves, etc. 

O. Base the load rating for pipe support elements on loads imposed by insulated weight 
of pipe filled with water. The span deflection shall not exceed slope gradient of pipe. 

P. If structural steel, roofs, or tunnels will allow support spacing greater than that shown 
above, Contractor shall submit proposed support system along with structural 
calculations documenting the allowance of such spacing, in accordance with ANSI, 
B31.1, and MSS Guidelines. 

Q. Support vertical risers independently of connected horizontal piping whenever 
practical, with supports at the base and at intervals to accommodate system range of 
load with thermal conditions. Support vertical risers at each floor penetration for 
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piping in shafts or chases. Guide for lateral stability. Fit horizontal piping connected to 
moving risers with two spring supports connected adjacent to riser, spaced according 
to required hanger spacing. 

R. For risers at temperatures of 100 deg F or less place riser clamps under fittings. 
Support carbon steel pipe at each operating level or floor and at not more than 15-foot 
intervals for pipe 2 inches and smaller, and at not more than 20 foot intervals for pipe 
2-1/2 inches and larger. 

S. After the piping systems have been installed, tested and placed in satisfactory 
operation, firmly tighten hanger rod nut and jam nut and upset threads to prevent 
movement of fasteners. 

T. Attach pipe anchors and pipe alignment guides to the building structure where 
indicated. If not indicated, the method used is optional to the Contractor, subject to 
approval by the Architect. In the case of structural steel, make attachment by clamping 
in accordance with the American Institute of Steel Construction Specification for the 
Design, Fabrication and Erection of Structural Steel for Building. 

U. Attach supporting elements connected to structural steel columns to preclude vertical 
slippage and cascading failure. 

V. Attach pipe hangers and other supporting elements to roof purlins and trusses at panel 
points. 

W. Where eccentric loading beam clamps are approved and where other work is 
supported by similar eccentric loading support element from the same structural 
member, locate eccentric loading support elements to minimize structural member 
torsion load. 

X. Limit the location of supporting elements for piping and equipment, when supported 
from roof, to panel points of the bar joists. 

Y. Building structure shall not be reinforced except as approved by the Architect in 
writing. 

Z. Use approved cast-in-place inserts or built-in anchors for attachment to concrete 
structure.  Size inserts and anchors for the total applied load with a safety factor in 
accordance with applicable codes but in no case less than 5. Coordinate installation of 
all imbedded items in accordance with manufacturer's instructions. Position anchorage 
and imbedded items as indicated and/or where required and support against 
displacement during placing of concrete. Cutting or repositioning of concrete beam 
or girder or reinforcing steel to accommodate inserts will not be allowed. Provide 
removable closures in imbedded device openings to prevent entry of concrete. 

AA. Support piping and equipment from concrete building frame, not from roof or floor 
slabs unless otherwise indicated. 

BB. Use cast-in-place inserts in concrete beams and girders. Drilled anchors/wedge type 
inserts shall be used on vertical surfaces only. Coordinate with structural engineer. 

CC. Attach piping supports to the side of concrete beams and concrete joist. Provide 
supplementary support steel as required. Cast-in-place or drilled anchors will not be 
permitted in the bottom of concrete beams and concrete joist. 

DD. Attach piping supports to the side of concrete beams or concrete joist. Where 
intermediate hangers are required to meet the hanger spacing schedule, the 
Contractor may propose attachment of intermediate pipe supports to the bottom of 
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the concrete slab pending submittal of a satisfactory pull out test. The Contractor shall 
submit pull out test criteria, pull out test results, proposed hanger detail and hanger 
point loads to the Architect for written approval. 

EE. Trapeze Pipe Hanger Installation: Comply with MSS SP-58. Arrange for grouping of 
parallel runs of horizontal piping and support together on field-fabricated trapeze pipe 
hangers. 

1. Pipes of Various Sizes: Support together and space trapezes for smallest pipe 
size or install intermediate supports for smaller diameter pipes as specified 
above for individual pipe hangers. 

2. Field fabricate from ASTM A 36/A 36M, steel shapes selected for loads being 
supported. Weld steel according to AWS D1.1. 

FF. Metal Framing System Installation: Arrange for grouping of parallel runs of piping and 
support together on field-assembled metal framing systems. 

GG. Fastener System Installation: 

1. Install mechanical-expansion anchors in concrete after concrete is placed and 
completely cured. Install fasteners according to manufacturer's written 
instructions. 

HH. Roof-Mounting Pipe and Equipment Stand Installation: 

1. Stand Types except Curb-Mounting Type: Assemble components and mount on 
smooth roof surface. Do not penetrate roof membrane. 

2. Curb or Rail Mounting Type Stands: Assemble components or fabricate stand 
and mount on permanent, stationary roof curb or rail. Refer to Division 07 
Section "Roof Accessories" for curb and rail installation. 

3. Maintain support manufacturer’s recommended spacing. 

II. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, 
washers, and other accessories. 

JJ. Equipment Support Installation: Fabricate from welded-structural-steel shapes. 

KK. Install hangers and supports to allow controlled thermal movement of piping systems, 
to permit freedom of movement between pipe anchors, and to facilitate action of 
expansion joints, expansion loops, expansion bends, and similar units. 

LL. Install lateral bracing with pipe hangers and supports to prevent swaying. 

MM. Install building attachments within concrete slabs or attach to structural steel. Install 
additional attachments at concentrated loads, including valves, flanges, and strainers, 
NPS 2-1/2 and larger and at changes in direction of piping. Install concrete inserts 
before concrete is placed; fasten inserts to forms and install reinforcing bars through 
openings at top of inserts. 

NN. Load Distribution: Install hangers and supports so piping live and dead loads and 
stresses from movement will not be transmitted to connected equipment. 

OO. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and so 
maximum pipe deflections allowed by ASME B31.1 (for power piping) and ASME B31.9 
(for building services piping) are not exceeded. 

PP. Refer to individual piping sections for hanger spacing and hanger rod sizes. 
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3.3 EQUIPMENT SUPPORTS 

A. Fabricate structural-steel stands to suspend equipment from structure overhead or to 
support equipment above floor. 

B. Grouting: Place grout under supports for equipment and make smooth bearing 
surface. 

C. Provide lateral bracing, to prevent swaying, for equipment supports. 

3.4 METAL FABRICATIONS 

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers. 

B. Fit exposed connections together to form hairline joints. Field weld connections that 
cannot be shop welded because of shipping size limitations. 

C. Field Welding: Comply with AWS D1.1 procedures for shielded metal arc welding, 
appearance and quality of welds, and methods used in correcting welding work, and 
with the following: 

1. Use materials and methods that minimize distortion and develop strength and 
corrosion resistance of base metals. 

2. Obtain fusion without undercut or overlap. 
3. Remove welding flux immediately. 
4. Finish welds at exposed connections so no roughness shows after finishing and 

contours of welded surfaces match adjacent contours. 

3.5 ADJUSTING 

A. Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and 
to achieve indicated slope of pipe. 

B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches. 

3.6 PAINTING 

A. Touch Up: Clean field welds and abraded areas of shop paint. Paint exposed areas 
immediately after erecting hangers and supports. Use same materials as used for shop 
painting. Comply with SSPC-PA 1 requirements for touching up field-painted surfaces. 

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils. 

B. Equipment Supports:  Painting is specified in Division 09 painting Sections. 

C. Touch Up: Cleaning and touchup painting of field welds, bolted connections, and 
abraded areas of shop paint on miscellaneous metal are specified in Division 09 
painting Sections. 

D. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply 
galvanizing-repair paint to comply with ASTM A 780. 

END OF SECTION 200529 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

1.3 INFORMATIONAL SUBMITTALS 

A. Samples: For color, letter style, and graphic representation required for each 
identification material and device. 
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B. Valve numbering scheme. 

1.4 CLOSEOUT SUBMITTALS 

A. Valve Schedules: For each piping system. Furnish extra copies (in addition to 
mounted copies) to include in Maintenance Manuals. 

1.5 QUALITY ASSURANCE 

A. ASME Compliance: Comply with ASME (ANSI) A13.1, "Scheme for the Identification of 
Piping Systems," for letter size, length of color field, colors, and viewing angles of 
identification devices for piping. 

1.6 COORDINATION 

A. Coordinate installation of identifying devices with completion of covering and 
painting of surfaces where devices are to be applied. 

B. Coordinate installation of identifying devices with location of access panels and 
doors. 

C. Install identifying devices before installing acoustical ceilings and similar 
concealment. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the manufacturers specified: 

1. Seton. 
2. Brady. 
3. EMED. 
4. Craftmark. 
5. Brimar Industries, Inc. 
6. Marking Services Inc. (MSI). 
7. Kolbi Pipe Marker Co. 

2.2 EQUIPMENT IDENTIFICATION DEVICES 

A. Equipment Nameplates: Metal, with data engraved or stamped, for permanent 
attachment on equipment. 

1. Data: 

a. Manufacturer, product name, model number, and serial number. 
b. Capacity, operating and power characteristics, and essential data. 
c. Labels of tested compliances. 

2. Location: Accessible and visible. 
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3. Fasteners: As required to mount on equipment. 

B. Equipment Markers: Engraved, color-coded laminated plastic. Include contact-type, 
permanent adhesive. 

1. Terminology: Match schedules as closely as possible. 
2. Data: 

a. Name and plan number. 
b. Equipment service. 
c. Design capacity. 
d. Other design parameters such as pressure drop, entering and leaving 

conditions, and speed. 

3. Size: 2-1/2 by 4 inches for control devices, dampers, and valves; 4-1/2 by 6 
inches for equipment. 

C. Equipment Signs: ASTM D 709, Type I, cellulose, paper-base, phenolic-resin-laminate 
engraving stock; Grade ES-2, black surface, black phenolic core, with white melamine 
subcore, unless otherwise indicated. Fabricate in sizes required for message. Provide 
holes for mechanical fastening. 

1. Data: Instructions for operation of equipment and for safety procedures. 
2. Engraving: Manufacturer's standard letter style, of sizes and with terms to 

match equipment identification. 
3. Thickness: Minimum 1/16 inch, unless otherwise indicated. 
4. Fasteners: Self-tapping, stainless-steel screws or contact-type, permanent 

adhesive. 

D. Access Panel and Door Markers: 1/16-inch- thick, engraved laminated plastic, with 
abbreviated terms and numbers corresponding to identification. Provide 1/8-inch 
center hole for attachment. 

1. Fasteners: Self-tapping, stainless-steel screws or contact-type, permanent 
adhesive. 

2.3 PIPING IDENTIFICATION DEVICES 

A. Manufactured Pipe Markers, General: Preprinted, color-coded, with lettering 
indicating service, and showing direction of flow. 

1. Colors: Comply with ASME (ANSI) A13.1, unless otherwise indicated. 
2. Type and Size of Letters: Comply with ANSI A13.1, unless otherwise indicated. 
3. Legends: Spelled out in full or commonly used and accepted abbreviations. 
4. Pipes with OD, Including Insulation, Less Than 6 Inches: Full-band pipe markers 

extending 360 degrees around pipe at each location. 
5. Pipes with OD, Including Insulation, 6 Inches and Larger: Either full-band or 

strip-type pipe markers at least three times letter height and of length required 
for label. 

6. Arrows: Integral with piping system service lettering to accommodate both 
directions; or as separate unit on each pipe marker to indicate direction of flow. 

B. Pretensioned Pipe Markers: Precoiled semirigid plastic formed to cover full 
circumference of pipe and to attach to pipe without adhesive. 

C. Underground Pipe Markers: Bright colored continuously printed plastic ribbon tape 
of not less than 6 inches wide by 4mil thick, manufactured for direct burial service. 
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D. Detectable Underground Pipe Markers: Continuously printed plastic ribbon tape with 
detectable aluminum core and with colors meeting APWA requirements, not less 
than 6 inches wide by 4 mil thick, manufactured for direct burial service. 

2.4 DUCT IDENTIFICATION DEVICES 

A. Duct Markers: Engraved, color-coded laminated plastic. Include direction and 
quantity of airflow, air handling unit or fan number, and duct service (such as supply, 
return, and exhaust). Include contact-type, permanent adhesive. 

B. Duct Markers: Vinyl, 2-inch minimum character height, with permanent pressure 
sensitive adhesive. Include direction and quantity of airflow, air handling unit or fan 
number, and duct service (such as supply, return, and exhaust). 

2.5 HAZARDOUS MATERIAL IDENTIFICATION DEVICES 

A. Standard: NFPA 704. 

B. Material: Engraved, color-coded laminated plastic. Include contact-type, permanent 
adhesive; or mounting screws. 

C. Size: Minimum 7-1/2 inches by 7-1/2 inches with 3-inch character height. 

D. Content: Appropriate for refrigerant. 

2.6 VALVE TAGS 

A. Valve Tags: Stamped or engraved with 1/4-inch letters for piping system 
abbreviation and 1/2-inch numbers, with numbering scheme approved by 
Architect/Engineer. Provide 5/32-inch hole for fastener. 

1. Material: 0.032-inch- thick brass. 
2. Valve-Tag Fasteners: Brass wire-link chain or beaded chain. 

2.7 VALVE SCHEDULES 

A. Valve Schedules: For each piping system, on standard-size bond paper. Tabulate 
valve number, piping system, system abbreviation (as shown on valve tag), location 
of valve (room or space), normal-operating position (open, closed, or modulating), 
and variations for identification. Mark valves for emergency shutoff and similar 
special uses. 

1. Valve-Schedule Frames: Glazed display frame for removable mounting on 
masonry walls for each page of valve schedule. Include mounting screws. 

2. Frame: Finished hardwood or extruded aluminum. 
3. Glazing: ASTM C 1036, Type I, Class 1, Glazing Quality B, 2.5-mm, single-

thickness glass. 

2.8 WARNING TAGS 

A. Warning Tags: Preprinted or partially preprinted, accident-prevention tags; of 
plasticized card stock with matte finish suitable for writing. 
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1. Size: 3 by 5-1/4 inches minimum. 
2. Fasteners: Brass grommet and wire. 
3. Nomenclature: Large-size primary caption such as DANGER, CAUTION, or DO 

NOT OPERATE. 
4. Color: Yellow background with black lettering. 

PART 3 - EXECUTION 

3.1 APPLICATIONS, GENERAL 

A. Products specified are for applications referenced in other Division 20, 21, 22, and 23 
Sections. If more than single-type material, device, or label is specified for listed 
applications, selection is Installer's option. 

3.2 EQUIPMENT IDENTIFICATION 

A. Install and permanently fasten equipment nameplates on each major item of 
mechanical equipment that does not have nameplate or has nameplate that is 
damaged or located where not easily visible. Locate nameplates where accessible 
and visible. Include nameplates for the following general categories of equipment: 

1. Fuel-burning units, including boilers, furnaces, heaters, stills, and absorption 
units. 

2. Pumps, compressors, chillers, condensers, and similar motor-driven units. 
3. Heat exchangers, coils, evaporators, cooling towers, heat recovery units, and 

similar equipment. 
4. Fans, blowers, primary balancing dampers, and mixing boxes. 
5. Packaged HVAC central-station and zone-type units. 

B. Install equipment markers with permanent adhesive on or near each major item of 
mechanical equipment. Data required for markers may be included on signs, and 
markers may be omitted if both are indicated. 

1. Letter Size: Minimum 1/4 inch for name of units if viewing distance is less than 
24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately 
larger lettering for greater viewing distances. Include secondary lettering two-
thirds to three-fourths the size of principal lettering. 

2. Data: Distinguish among multiple units, indicate operational requirements, 
indicate safety and emergency precautions, warn of hazards and improper 
operations, and identify units. 

3. Locate markers where accessible and visible. Include markers for the following 
general categories of equipment: 

a. Main control and operating valves, including safety devices and 
hazardous units such as gas outlets. 

b. Fire department hose valves and hose stations. 
c. Meters, gages, thermometers, and similar units. 
d. Fuel-burning units, including boilers, furnaces, heaters, stills, and 

absorption units. 
e. Pumps, compressors, chillers, condensers, and similar motor-driven units. 
f. Heat exchangers, coils, evaporators, cooling towers, heat recovery units, 

and similar equipment. 
g. Fans, blowers, primary balancing dampers, and mixing boxes. 
h. Packaged HVAC central-station and zone-type units. 
i. Tanks and pressure vessels. 
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j. Strainers, filters, humidifiers, water-treatment systems, and similar 
equipment. 

C. Install equipment signs with screws or permanent adhesive on or near each major 
item of mechanical equipment. Locate signs where accessible and visible. 

1. Identify mechanical equipment with equipment markers in the following color 
codes: 

a. Green: For cooling equipment and components. 
b. Yellow: For heating equipment and components. 
c. Orange: For combination cooling and heating equipment and 

components. 
d. Brown: For energy-reclamation equipment and components. 

2. Letter Size: Minimum 1/4 inch for name of units if viewing distance is less than 
24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately 
larger lettering for greater viewing distances. Include secondary lettering two-
thirds to three-fourths the size of principal lettering. 

3. Data: Distinguish among multiple units, indicate operational requirements, 
indicate safety and emergency precautions, warn of hazards and improper 
operations, and identify units. 

4. Include signs for the following general categories of equipment: 

a. Main control and operating valves, including safety devices and 
hazardous units such as gas outlets. 

b. Fuel-burning units, including boilers, furnaces, heaters, stills, and 
absorption units. 

c. Pumps, compressors, chillers, condensers, and similar motor-driven units. 
d. Heat exchangers, coils, evaporators, cooling towers, heat recovery units, 

and similar equipment. 
e. Fans, blowers, primary balancing dampers, and mixing boxes. 
f. Packaged HVAC central-station and zone-type units. 
g. Tanks and pressure vessels. 
h. Strainers, filters, humidifiers, water-treatment systems, and similar 

equipment. 

D. Install access panel markers with screws on equipment access panels. 

E. Area Served: Equipment serving different areas of a building other than where the 
equipment is installed shall be permanently marked in a manner that, in addition to 
identifying the equipment as specified in this Section, also identifies the area it 
serves. 

3.3 PIPING IDENTIFICATION 

A. Install manufactured pipe markers indicating service on each piping system. Install 
with flow indication arrows showing direction of flow. 

1. Pipes with OD, Including Insulation, Less Than 6 Inches: Pretensioned pipe 
markers. Use size to ensure a tight fit. 

2. Pipes with OD, Including Insulation, Less Than 6 Inches: Self-adhesive pipe 
markers. Use color-coded, self-adhesive plastic tape, minimum 3/4 inch wide, 
lapped at least 1-1/2 inches at both ends of pipe marker, and covering full 
circumference of pipe. 

3. Pipes with OD, Including Insulation, 6 Inches and Larger: Shaped pipe markers. 
Use size to match pipe and secure with fasteners. 
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4. Pipes with OD, Including Insulation, 6 Inches and Larger: Self-adhesive pipe 
markers. Use color-coded, self-adhesive plastic tape, minimum 1-1/2 inches 
wide, lapped at least 3 inches at both ends of pipe marker, and covering full 
circumference of pipe. 

B. Locate pipe markers and color bands where piping is exposed in finished spaces; 
machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; 
and exterior non-concealed locations as follows: 

1. Near each valve and control device. 
2. Near each branch connection, excluding short takeoffs for fixtures and terminal 

units. Where flow pattern is not obvious, mark each pipe at branch. 
3. Near penetrations through walls, floors, ceilings, and non-accessible enclosures. 
4. At access doors, manholes, and similar access points that permit view of 

concealed piping. 
5. Near major equipment items and other points of origination and termination. 
6. Spaced at maximum intervals of 50 feet along each run. Reduce intervals to 25 

feet in areas of congested piping and equipment. 
7. On piping above removable acoustical ceilings. Omit intermediately spaced 

markers. 

C. Underground Pipe Markers: Install 6 to 8 inches below finished grade, directly above 
buried pipe. 

3.4 DUCT IDENTIFICATION 

A. Identify ductwork with vinyl markers and flow direction arrows. 

B. Locate markers at air handling units, each side of floor and wall penetrations, near 
points where ducts enter into concealed spaces and at maximum intervals of 50 feet 
in each space where ducts are exposed or concealed by removable ceiling system. 

3.5 VALVE-TAG INSTALLATION 

A. Install tags on valves and control devices in piping systems, except check valves; 
valves within factory-fabricated equipment units; plumbing fixture supply stops; 
faucets; convenience and lawn-watering hose connections; and HVAC terminal 
devices and similar roughing-in connections of end-use fixtures and units. List 
tagged valves in a valve schedule. 

B. Valve-Tag Application Schedule: Tag valves according to size, shape, and color 
scheme and with captions similar to those indicated in the following: 

1. Valve-Tag Size and Shape: 

a. Cold Water: Minimum 1-1/2 inches, round or square. 
b. Hot Water: Minimum 1-1/2 inches, round or square. 
c. Fire Protection: Minimum 1-1/2 inches, round or square. 
d. Gas: Minimum 1-1/2 inches, round or square. 
e. Steam: Minimum 1-1/2 inches, round or square. 

3.6 VALVE-SCHEDULE INSTALLATION 

A. Mount valve schedule on wall in accessible location in each major equipment room. 
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3.7 HAZARDOUS MATERIAL IDENTIFICATION DEVICES 

A. Mount to wall or door of room containing hazard.  Indicate classification of 
refrigerant or other hazard. 

3.8 WARNING-TAG INSTALLATION 

A. Write required message on, and attach warning tags to, equipment and other items 
where required. 

3.9 ADJUSTING 

A. Relocate mechanical identification materials and devices that have become visually 
blocked by other work. 

3.10 CLEANING 

A. Clean faces of mechanical identification devices and glass frames of valve schedules. 

3.11 SCHEDULES 

A. Paint colors are listed here for reference only. Painting is specified under Division 9. 

PIPE LABELING AND COLOR CODING 
Pipe System Label Drawing Abbrev. Labels Piping 
Sanitary Sewer SAN White on Green Dark Brown 
Sanitary Vent V White on Green Dark Brown 
Rain Conductor RC White on Green Dark Brown 
Acid Waste AW Black on Yellow Black 
Acid Vent AV Black on Yellow Black 

Domestic Cold Water CW White on Green Light Green 
High Pressure Domestic Cold 

Water 
HPCW White on Green Light Green 

Non-Potable Cold Water NPCW Black on Yellow  
Domestic Hot Water HW Black on Yellow Dark Green 

High Pressure Domestic Hot 
Water 

HPHW Black on Yellow Dark Green 

High Pressure Domestic 
Hot Water Return 

HPHWR Black on Yellow Dark Green 

Domestic Hot Water Return HWR Black on Yellow Dark Green 
Soft Cold Water SCW White on Green Light Green 
Soft Hot Water SHW White on Green Dark Green 

Soft Hot Water Return SHWR White on Green Dark Green 
Natural Gas G Black on Yellow Yellow 

Fuel Oil Supply FOS Black on Yellow Yellow 
Fuel Oil Return FOR Black on Yellow Yellow 

Compressed Air (90psig) A(90psig) Black on Yellow Dark Blue 
Compressed Air (25psig) A White on Green Dark Blue 
Laboratory Vacuum LVAC Black on Yellow Unpainted 
Carbon Dioxide CO2 Black on Yellow Unpainted 
High Purity Water DI White on Green White 

Hot Water Htg. Supply HWHS Black on Yellow Dark Blue 
Hot Water Htg. Return HWHR Black on Yellow Dark Blue 

Terminal Unit Heating Sup. THS Black on Yellow Dark Blue 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
MECHANICAL IDENTIFICATION  200553 - 9 

Pipe System Label Drawing Abbrev. Labels Piping 
Terminal Unit Heating Ret. THR Black on Yellow Dark Blue 
Chilled Water Supply CHWS White on Green Light Blue 
Chilled Water Return CHWR White on Green Light Blue 
Refrigerant Liquid RL Black on Yellow  
Refrigerant Suction RS Black on Yellow  
Fire Protection FP White on Red Bright Red 
Medical Gases Refer to Division 22 Section “Medical Gas Systems.” 

 
 

SHEET METAL WORK 

Service Abbrev. Labels Ductwork 
Air Conditioning Supply Supply Air White on Green White 
Air Conditioning Return Return Air White on Green White 
Exhaust Systems Exhaust Air Black on Yellow Green 
Outside Air Intake Outside Air White on Green White 

Mixed Air Mixed Air White on Green White 

END OF SECTION 200553 
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3.11 FINISHES ....................................................................................................................................................... 25 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 
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1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 
3. Division 20 Section “Hanger and Supports” for thermal hanger shield inserts. 
4. Division 22 Section “Plumbing Fixtures: for protective shielding guards. 
5. Division 22 Section “Healthcare Plumbing Fixtures” for protective shielding 

guards. 
6. Division 23 Section "Metal Ducts" for duct liners. 

1.2 SUMMARY 

A. This Section includes mechanical insulation for pipe, duct, and equipment. 

1.3 DEFINITIONS 

A. ASJ: All-service jacket. 

B. FSK: Foil, scrim, kraft paper. 

C. PSK: Polypropylene, scrim, kraft paper. 

D. PVC: Polyvinyl Chloride. 

E. SSL: Self-sealing lap. 

1.4 INDOOR PIPING INSULATION SYSTEMS DESCRIPTION 

A. Acceptable preformed pipe and tubular insulation materials and thicknesses are 
scheduled on the Drawings, or identified for each piping system and pipe size range. 

B. Sanitary Waste Piping Where Heat Tracing Is Installed, All Pipe Sizes: Glass-Fiber Pipe 
Insulation, Type I: 1-1/2 inches thick. 

1.5 OUTDOOR, ABOVEGROUND PIPING INSULATION SYSTEMS DESCRIPTION 

A. Acceptable preformed pipe and tubular insulation materials and thicknesses are 
scheduled on the Drawings, or identified for each piping system and pipe size range. 

B. Sanitary or Storm Piping Where Heat Tracing Is Installed, All Pipe Sizes: Glass-Fiber 
Pipe Insulation, Type I: 2 inches thick. 

C. Fire-Suppression Piping Filled with Water: 

1. All Pipe Sizes: Insulation shall be either of the following: 

a. Flexible Elastomeric: 2 inches thick. 
b. Glass-Fiber Pipe Insulation, Type I: 2 inches thick. 

1.6 INDOOR DUCT AND PLENUM INSULATION SYSTEMS DESCRIPTION 

A. Acceptable indoor duct and plenum insulation materials and thicknesses are 
scheduled on the Drawings. 
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1.7 ABOVEGROUND, OUTDOOR DUCT AND PLENUM INSULATION SYSTEMS 
DESCRIPTION 

A. Acceptable outdoor duct and plenum insulation materials and thicknesses are 
scheduled on the Drawings. 

1.8 EQUIPMENT INSULATION SYSTEMS DESCRIPTION 

A. Acceptable equipment insulation materials and thicknesses are scheduled on the 
Drawings. 

1.9 FIELD-APPLIED JACKETING SYSTEMS DESCRIPTION 

A. Acceptable field-applied jacketing materials and thicknesses are scheduled on the 
Drawings, or identified for each piping system and pipe specialty. 

B. Steam Condensate Piping within Air Handling Units: Aluminum, Stucco Embossed: 
0.016 inch thick. 

C. Piping Within Energy Recovery Units: Type 304 Stainless Steel, Smooth: 0.010 inch 
thick. Seams and joints calked with chemically resistant sealer. 

D. Steam Pressure Reducing Valves: Sound Barrier Jacketing:  Smooth or stucco 
embossed. 

1.10 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated, identify thermal conductivity, 
thickness, and jackets (both factory and field applied, if any). 

1. ESR Report: For fire-rated grease duct insulation. 

1.11 QUALITY ASSURANCE 

A. Fire-Test-Response Characteristics: Insulation and related materials shall have fire-
test-response characteristics indicated, as determined by testing identical products 
per ASTM E 84, by a testing and inspecting agency acceptable to authorities having 
jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, and 
cement material containers, with appropriate markings of applicable testing and 
inspecting agency. 

1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-
developed index of 50 or less. 

2. Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-
developed index of 150 or less. 

B. Ductwork Maximum Temperature Limits: Based on ASTM C 411 test procedures. 

1.12 DELIVERY, STORAGE, AND HANDLING 

A. Prior to installation, protect insulation from exposure to water and from physical 
damage. Prior to installation, store insulation in manufacturer’s original packaging. 
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1.13 COORDINATION 

A. Coordinate size and location of supports, hangers, and pre-insulated pipe 
shields/supports specified in Division 20 Section "Hangers and Supports." 

B. Coordinate clearance requirements with piping Installer for piping insulation 
application, duct Installer for duct insulation application, and equipment Installer for 
equipment insulation application. Before preparing piping and ductwork Shop 
Drawings, establish and maintain clearance requirements for installation of insulation 
and field-applied jackets and finishes and for space required for maintenance. 

C. Coordinate installation and testing of heat tracing. 

1.14 SCHEDULING 

A. Schedule insulation application after pressure testing systems. Insulation application 
may begin on segments that have satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as possible in 
each area of construction. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS, GENERAL REQUIREMENTS 

A. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

B. Products that come in contact with stainless steel shall have a leachable chloride 
content of less than 50 ppm when tested according to ASTM C 871. 

C. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 
according to ASTM C 795. 

D. Foam insulation materials shall not use CFC or HCFC blowing agents in the 
manufacturing process. 

E. Adhesives used shall be fire resistant in their dry states and UL listed. 

2.2 PIPE INSULATION MATERIALS 

A. Flexible Elastomeric: Closed-cell, sponge- or expanded-rubber materials. Comply with 
ASTM C 534, Type I for tubular materials. 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. Aeroflex USA, Inc.; Aerocel Tube and Sheet. 
b. Armacell LLC; AP Armaflex. 
c. IK Insulation Group; K-Flex USA LLC; Insul-Tube and Insul-Sheet. 

B. Glass-Fiber, Preformed Pipe Insulation, Type I: 
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1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. Johns Manville; Micro-Lok. 
b. Knauf Insulation; 1000 Pipe Insulation. 
c. Manson Insulation Inc.; Alley-K. 
d. Owens Corning; Fiberglas Pipe Insulation. 

2. Type I, 850 deg F Materials: Glass fibers bonded with a thermosetting resin. 
Comply with ASTM C 547, Type I, Grade A, with factory-applied ASJ or ASJ-SSL. 
Factory-applied jacket requirements are specified in Part 2 "Factory-Applied 
Jackets" Article. 

C. Mineral-Wool, Preformed Pipe Insulation, Type II: 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. Johns Manville. 
b. Owens Corning/Thermafiber. 
c. Rock Wool Manufacturing Company; Delta PC and PF.  

2. Type II, 1200 deg F Materials: Mineral wool fibers bonded with a thermosetting 
resin. Comply with ASTM C 547, Type II, Grade A, with factory-applied, or field-
applied ASJ or ASJ-SSL. Factory-applied jacket requirements are specified in 
Part 2 "Factory-Applied Jackets" Article. Field-applied jacket requirements are 
specified in Part 2 "Field-Applied Jackets" Article. 

2.3 DUCTWORK INSULATION MATERIALS 

A. Blanket Insulation: Glass fibers bonded with a thermosetting resin. Comply with 
ASTM C 553, Type II and ASTM C 1290, Type III with factory-applied FSK jacket. 
Factory-applied jacket requirements are specified in Part 2 "Factory-Applied Jackets" 
Article. 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. CertainTeed Corp.; Duct Wrap. 
b. Johns Manville; Microlite EQ. 
c. Knauf Insulation; Duct Wrap. 
d. Manson Insulation Inc.; Alley Wrap B. 
e. Owens Corning; All-Service Duct Wrap. 

B. Board Insulation: Glass fibers bonded with a thermosetting resin. Comply with 
ASTM C 612, Type IA or Type IB. For duct and plenum applications, provide insulation 
with factory-applied FSK jacket. Factory-applied jacket requirements are specified in 
Part 2 "Factory-Applied Jackets" Article. 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. CertainTeed Corp.; Commercial Board. 
b. Fibrex Insulations Inc.; FBX. 
c. Johns Manville; 800 Series Spin-Glas. 
d. Knauf Insulation; Insulation Board. 
e. Manson Insulation Inc.; AK Board. 
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f. Owens Corning; Fiberglas 700 Series. 

2.4 EQUIPMENT INSULATION MATERIALS 

A. Flexible Elastomeric: Closed-cell, sponge- or expanded-rubber materials. Comply with 
ASTM C 534, Type I for tubular materials. 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. Aeroflex USA, Inc.; Aerocel Tube and Sheet. 
b. Armacell LLC; AP Armaflex. 
c. IK Insulation Group; K-Flex USA LLC; Insul-Tube and Insul-Sheet. 

B. Board Insulation: Glass fibers bonded with a thermosetting resin. Comply with 
ASTM C 612, Type IA or Type IB. For equipment applications, provide insulation with 
factory-applied ASJ. Factory-applied jacket requirements are specified in Part 2 
"Factory-Applied Jackets" Article. 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. CertainTeed Corp.; Commercial Board. 
b. Fibrex Insulations Inc.; FBX. 
c. Johns Manville; 800 Series Spin-Glas. 
d. Knauf Insulation; Insulation Board. 
e. Manson Insulation Inc.; AK Board. 
f. Owens Corning; Fiberglas 700 Series. 

C. Large Diameter Pipe and Tank Insulation: Glass fibers bonded with a thermosetting 
resin. Semirigid board material with factory-applied ASJ  complying with 
ASTM C 1393, Type II or Type IIIA Category 2, or with properties similar to ASTM C 612, 
Type IB. Nominal density is 2.5 lb/cu. ft. or more. Thermal conductivity (k-value) at 100 
deg F is 0.29 Btu x in./h x sq. ft. x deg F or less. Factory-applied jacket requirements 
are specified in Part 2 "Factory-Applied Jackets" Article. 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. CertainTeed Corp.; CrimpWrap. 
b. Johns Manville; MicroFlex. 
c. Knauf Insulation; Pipe and Tank Insulation. 
d. Manson Insulation Inc.; AK Flex. 
e. Owens Corning; Fiberglas Pipe and Tank Insulation. 

2.5 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for 
bonding insulation to it and to surfaces to be insulated, unless otherwise indicated. 

B. Flexible Elastomeric Adhesive: Comply with MIL-A-24179A, Type II, Class I. 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 
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a. Aeroflex USA, Inc.; Aeroseal and Aeroseal LVOC. 
b. Armacell LCC; 520 Adhesive. 
c. Foster Products Corporation, H. B. Fuller Company; 85-75. 

C. ASJ Adhesive, and FSK and PVDC Jacket Adhesive: Comply with MIL-A-3316C, Class 2, 
Grade A for bonding insulation jacket lap seams and joints. 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. Childers Products, H.B. Fuller Company; CP-82. 
b. Foster Products Corporation, H. B. Fuller Company; 85-20. 
c. Johns Manville Industrial Insulation; S-90/80. 
d. Marathon Industries, Inc.; 225. 
e. Mon-Eco Industries, Inc.; 22-25. 

D. PVC Jacket Adhesive: Compatible with PVC jacket. 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. Dow Chemical Company (The); 739, Dow Silicone. 
b. Johns-Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding 

Adhesive. 
c. P.I.C. Plastics, Inc.; Welding Adhesive. 
d. Red Devil, Inc.; Celulon Ultra Clear. 
e. Speedline Corporation; Speedline Vinyl Adhesive. 

2.6 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply 
with MIL-C-19565C, Type II. 

B. Vapor-Barrier Mastic: Water based; suitable for indoor and outdoor use on below 
ambient services. 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. Childers Products, H.B. Fuller Company; CP-35. 
b. Foster Products Corporation, H. B. Fuller Company; 30-90. 
c. Johns Manville Industrial Insulation; CB-50. 
d. Marathon Industries, Inc.; 590. 
e. Mon-Eco Industries, Inc.; 55-40. 
f. Vimasco Corporation; 749. 

2. Water-Vapor Permeance: ASTM E 96, Procedure B, 0.013 perm at 43-mil dry film 
thickness. 

3. Service Temperature Range: Minus 20 to plus 180 deg F. 
4. Solids Content: ASTM D 1644, 59 percent by volume and 71 percent by weight. 
5. Color: White. 

C. Breather Mastic: Water based; suitable for indoor and outdoor use on above ambient 
services. 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 
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a. Childers Products, H.B. Fuller Company; CP-10. 
b. Foster Products Corporation, H. B. Fuller Company; 35-00. 
c. Johns Manville Industrial Insulation; CB-05/15. 
d. Marathon Industries, Inc.; 550. 
e. Mon-Eco Industries, Inc.; 55-50. 
f. Vimasco Corporation; WC-1/WC-5. 

2. Water-Vapor Permeance: ASTM F 1249, 3 perms at 0.0625-inch dry film 
thickness. 

3. Service Temperature Range: Minus 20 to plus 200 deg F. 
4. Solids Content: 63 percent by volume and 73 percent by weight. 
5. Color: White. 

2.7 SEALANTS 

A. FSK and Metal Jacket Flashing Sealants: 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. Childers Products, H.B. Fuller Company; CP-76-8. 
b. Foster Products Corporation, H. B. Fuller Company; 95-44. 
c. Marathon Industries, Inc.; 405. 
d. Mon-Eco Industries, Inc.; 44-05. 
e. Vimasco Corporation; 750. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range: Minus 40 to plus 250 deg F. 
5. Color: Aluminum. 

B. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants: 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. Childers Products, H.B. Fuller Company; CP-76. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range: Minus 40 to plus 250 deg F. 
5. Color: White. 

2.8 FACTORY-APPLIED JACKETS 

A. Insulation systems indicate factory-applied jackets on various applications. When 
factory-applied jackets are indicated, comply with the following: 

1. ASJ: White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 
complying with ASTM C 1136, Type I. 

2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive 
covered by a removable protective strip; complying with ASTM C 1136, Type I. 

3. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 
complying with ASTM C 1136, Type II. 

4. PSK Jacket: Metalized polypropylene, fiberglass-reinforced scrim with kraft-
paper backing; complying with ASTM C 1136, Type II. 
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2.9 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated. 

B. ASJ: White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 
complying with ASTM C 1136, Type I. 

C. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by 
a removable protective strip; complying with ASTM C 1136, Type I. 

D. PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, 
Class 16354-C; thickness as specified; roll stock ready for shop or field cutting and 
forming. 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. Airex Manufacturing, Inc.; E-Flex Guard. 
b. Johns Manville; Zeston and Ceel-Co. 
c. P.I.C. Plastics, Inc.; FG Series. 
d. Proto PVC Corporation; LoSmoke. 
e. Speedline Corporation; SmokeSafe. 

2. Adhesive: As recommended by jacket material manufacturer. 
3. Color:  White. 
4. Factory-fabricated tank heads and tank side panels. 

E. PVC Fitting Covers: High-impact-resistant, UV-resistant PVC complying with 
ASTM D 1784, Class 16354-C, and including flexible glass fiber insulation inserts. 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. Airex Manufacturing, Inc. 
b. Johns Manville; Zeston and Ceel-Co. 
c. P.I.C. Plastics, Inc.; FG Series. 
d. Proto PVC Corporation; LoSmoke. 
e. Speedline Corporation; SmokeSafe. 

2. Adhesive: As recommended by manufacturer. 
3. Color: White. 
4. Factory-fabricated fitting covers: 

a. Shapes: 45- and 90-degree, short- and long-radius elbows, tees, valves, 
flanges, unions, reducers, end caps, soil-pipe hubs, traps, and mechanical 
joints. 

F. Metal Jacket: 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. PABCO-Childers Metals; Johns Manville Industrial Insulation; Metal 
Jacketing Systems. 

b. RPR Products, Inc.; Insul-Mate. 
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2. Aluminum Jacket: Comply with ASTM B 209, Alloy 3003, 3005, 3105 or 5005, 
Temper H-14. 

a. Sheet and roll stock ready for shop or field sizing or factory cut and rolled 
to size. 

b. Finish and thickness are indicated in field-applied jacket schedules. 
c. Moisture Barrier for Indoor Applications: 1-mil- thick, heat-bonded 

polyethylene and kraft paper. 
d. Moisture Barrier for Outdoor Applications: 3-mil- thick, heat-bonded 

polyethylene and kraft paper or 2.5-mil- thick Polysurlyn. 
e. Factory-Fabricated Fitting Covers: 

1) Preformed 2-piece or gore, 45- and 90-degree, short- and long-
radius elbows. 

2) Provide factory fabricated PVC tee covers, flange and union covers, 
beveled collars and valve covers. 

3) Field fabricate fitting covers only if factory-fabricated fitting covers 
are not available. 

3. Stainless-Steel Jacket: ASTM A 167 or ASTM A 240/A 240M. 

a. Sheet and roll stock ready for shop or field sizing factory cut and rolled to 
size. 

b. Material, finish, and thickness are indicated in field-applied jacket systems. 
c. Moisture Barrier for Indoor Applications: 1-mil- thick, heat-bonded 

polyethylene and kraft paper. 
d. Moisture Barrier for Outdoor Applications: 3-mil- thick, heat-bonded 

polyethylene and kraft paper or 2.5-mil- thick Polysurlyn. 
e. Factory-Fabricated Fitting Covers: 

1) Preformed 2-piece or gore, 45- and 90-degree, short- and long-
radius elbows. 

2) Provide factory fabricated PVC tee covers, flange and union covers, 
beveled collars and valve covers. 

3) Field fabricate fitting covers only if factory-fabricated fitting covers 
are not available. 

G. Self-Adhesive Outdoor Jacket for Piping: Laminated vapor barrier and waterproofing 
membrane for installation over insulation located aboveground outdoors; consisting 
of a fabric reinforced insulation cladding with natural aluminum stucco embossed 
facing. 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. 3M VentureClad; 1579GCW-E. 
b. Polyguard; Alumaguard. 

H. Self-Adhesive Outdoor Jacket for Ductwork: Laminated vapor barrier and 
waterproofing membrane for installation over insulation located aboveground 
outdoors; consisting of a rubberized bituminous resin on a crosslaminated 
polyethylene film covered with aluminum-foil facing. 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. MFM Building Products Corp.; FlexClad-400. 
b. Polyguard; Alumaguard. 
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c. 3M VentureClad. 

2.10 REMOVABLE AND REUSABLE INSULATION COVERS 

A. Flexible Style: Custom fabricated composite jackets for valves, flanges, and expansion 
joints consisting of 4 inches of high temperature fiberglass insulation compressed 
between Teflon impregnated fiberglass inner and outer facing stitched with fiberglass 
core Teflon thread and secured with Velcro fasteners and double D-ring cinching. 
Service temperature range of minus 40 deg F to 500 deg F. 

1. Fabricators: 

a. Apex Energy & Environmental Products Inc. 
b. 3i Supply Co.; K-Tex. 
c. Valley Group of Companies. 

B. Rigid Style: Custom fabricated composite jackets for valves, flanges, and expansion 
joints consisting of rigid foam insulation with silicone impregnated fiberglass outer 
facing stitched with fiberglass thread and secured with Velcro fasteners and double 
D-ring cinching. Service temperature range of minus 40 deg F to 500 deg F. 

1. Fabricators: 

a. Valley Group of Companies. 

2.11 REMOVABLE AND REUSABLE ACOUSTIC INSULATION COVERS 

A. Flexible Style: Custom fabricated composite jackets consisting of: 

1. Two inches of high temperature, high density, needled fiberglass mat insulation. 
2. High density mass loaded vinyl 
3. Teflon impregnated fiberglass inner and outer facing with double sewn and 

bonded seams. 
4. Extended Velcro flap on closing seams. 
5. Stainless steel lacing hardware with wire twist fastener. 
6. Include aluminum nameplate having embossed lettering with tag description. 

B. Manufacturer: 

1. Shannon Enterprises of W.N.Y. Inc.; INSULTECH; LT450A-TT Series. 

2.12 TAPES 

A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic 
adhesive, complying with ASTM C 1136 and UL listed. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Ideal 
Tape Co., Inc., an American Biltrite company; 728 Cold Seal ASJ or comparable 
products by one of the following: 

a. Avery Dennison Corporation, Specialty Tapes Division. 
b. 3M Venture Tape. 

2. Width: 3 inches. 
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3. Thickness: 9 mils. 
4. Adhesion: 70 ounces force/inch in width. 
5. Elongation: 3 percent. 
6. Tensile Strength: 45 lbf/inch in width. 
7. ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape. 

B. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with rubber 
or acrylic adhesive; complying with ASTM C 1136 and UL listed. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Ideal 
Tape Co., Inc., an American Biltrite company; 491 FSK or 791 Cold Seal Acrylic 
FSK, or comparable products by one of the following: 

a. Avery Dennison Corporation, Specialty Tapes Division. 
b. 3M Venture Tape. 

2. Width: 3 inches. 
3. Thickness: 6 mils. 
4. Adhesion (Rubber Adhesive): 100 ounces force/inch in width. 
5. Adhesion (Acrylic Adhesive): 90 ounces force/inch in width. 
6. Elongation: 3 percent. 
7. Tensile Strength: 35 lbf/inch in width. 
8. FSK Tape Disks and Squares: Precut disks or squares of FSK tape. 

C. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic 
adhesive. Suitable for indoor and outdoor applications. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Ideal 
Tape Co., Inc., an American Biltrite company; 370 White PVC tape, or 
comparable products by one of the following: 

a. Avery Dennison Corporation, Specialty Tapes Division. 
b. 3M Venture Tape. 

2. Width: 2 inches. 
3. Thickness: 5 mils. 
4. Adhesion: 20 ounces force/inch in width. 
5. Elongation: 500 percent. 
6. Tensile Strength: 15 lbf/inch in width. 

D. Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive and UL listed. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Ideal 
Tape Co., Inc., an American Biltrite company; 488 AWF rubber adhesive or 788 
Cold Seal acrylic adhesive, or comparable products by one of the following: 

a. Avery Dennison Corporation, Specialty Tapes Division. 
b. 3M Venture Tape. 

2. Width: 3 inches. 
3. Thickness: 3.0 to 4.0 mils. 
4. Adhesion (Rubber Adhesive): 90 ounces force/inch in width. 
5. Adhesion (Acrylic Adhesive): 50 ounces force/inch in width. 
6. Elongation: 3 percent. 
7. Tensile Strength: 14 to 20 lbf/inch in width. 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
MECHANICAL INSULATION  200700 - 13 

2.13 SECUREMENTS 

A. Bands: 

1. Products: Subject to compliance with requirements, provide one of the products 
specified. 

a. PABCO-Childers Metals; Johns Manville Industrial Insulation; Pab-Bands 
and Fabstraps. 

b. RPR Products, Inc.; Bands. 

2. Stainless Steel: ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 
0.015 inch thick, 1/2 inch wide with wing or closed seal. 

3. Aluminum: ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 
inch thick, 1/2 inch wide with wing or closed seal. 

4. Springs: Twin spring set constructed of stainless steel with ends flat and slotted 
to accept metal bands. Spring size determined by manufacturer for application. 

B. Insulation Pins and Hangers: 

1. Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully annealed 
for capacitor-discharge welding, 0.106-inch- diameter shank, length to suit 
depth of insulation indicated. 

a. Products: Subject to compliance with requirements, provide one of the 
products specified. 

1) AGM Industries, Inc.; CWP-1. 
2) GEMCO; CD. 
3) Midwest Fasteners, Inc.; CD. 
4) Nelson Stud Welding; TPA, TPC, and TPS. 

2. Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, 
fully annealed for capacitor-discharge welding, 0.106-inch- diameter shank, 
length to suit depth of insulation indicated with integral 1-1/2-inch galvanized 
carbon-steel washer. 

a. Products: Subject to compliance with requirements, provide one of the 
products specified. 

1) AGM Industries, Inc.; CWP-1. 
2) GEMCO; Cupped Head Weld Pin. 
3) Midwest Fasteners, Inc.; Cupped Head. 
4) Nelson Stud Welding; CHP. 

3. Metal, Adhesively Attached, Perforated-Base Insulation Hangers: Baseplate 
welded to projecting spindle that is capable of holding insulation, of thickness 
indicated, securely in position indicated when self-locking washer is in place. 
Comply with the following requirements: 

a. Products: Subject to compliance with requirements, provide one of the 
products specified. 

1) AGM Industries, Inc.; Tactoo Insul-Hangers, Series T. 
2) GEMCO; Perforated Base. 
3) Midwest Fasteners, Inc.; Spindle. 
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b. Baseplate: Perforated, galvanized carbon-steel sheet, 0.030 inch thick by 
2 inches square. 

c. Spindle: Copper- or zinc-coated, low carbon steel, fully annealed, 0.106-
inch- diameter shank, length to suit depth of insulation indicated. 

d. Adhesive: Recommended by hanger manufacturer. Product with 
demonstrated capability to bond insulation hanger securely to substrates 
indicated without damaging insulation, hangers, and substrates. 

4. Nonmetal, Adhesively Attached, Perforated-Base Insulation Hangers: Baseplate 
fastened to projecting spindle that is capable of holding insulation, of thickness 
indicated, securely in position indicated when self-locking washer is in place. 
Comply with the following requirements: 

a. Products:  Subject to compliance with requirements, provide one of the 
products specified. 

1) GEMCO; Nylon Hangers. 
2) Midwest Fasteners, Inc.; Nylon Insulation Hangers. 

b. Baseplate: Perforated, nylon sheet, 0.030 inch thick by 1-1/2 inches in 
diameter. 

c. Spindle: Nylon, 0.106-inch- diameter shank, length to suit depth of 
insulation indicated, up to 2-1/2 inches. 

d. Adhesive: Recommended by hanger manufacturer. Product with 
demonstrated capability to bond insulation hanger securely to substrates 
indicated without damaging insulation, hangers, and substrates. 

5. Self-Sticking-Base Insulation Hangers: Baseplate welded to projecting spindle 
that is capable of holding insulation, of thickness indicated, securely in position 
indicated when self-locking washer is in place. Comply with the following 
requirements: 

a. Products:  Subject to compliance with requirements, provide one of the 
products specified. 

1) AGM Industries, Inc.; Tactoo Insul-Hangers, Series TSA. 
2) GEMCO; Press and Peel. 
3) Midwest Fasteners, Inc.; Self Stick. 

b. Baseplate: Galvanized carbon-steel sheet, 0.030 inch thick by 2 inches 
square. 

c. Spindle: Copper- or zinc-coated, low carbon steel, fully annealed, 0.106-
inch- diameter shank, length to suit depth of insulation indicated. 

d. Adhesive-backed base with a peel-off protective cover. 

6. Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch- 
thick, galvanized-steel sheet, with beveled edge sized as required to hold 
insulation securely in place but not less than 1-1/2 inches in diameter. 

a. Products:  Subject to compliance with requirements, provide one of the 
products specified. 

1) AGM Industries, Inc.; RC-150. 
2) GEMCO; R-150. 
3) Midwest Fasteners, Inc.; WA-150. 
4) Nelson Stud Welding; Speed Clips. 
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b. Protect ends with capped self-locking washers incorporating a spring steel 
insert to ensure permanent retention of cap in exposed locations. 

7. Nonmetal Insulation-Retaining Washers: Self-locking washers formed from 
0.016-inch- thick nylon sheet, with beveled edge sized as required to hold 
insulation securely in place but not less than 1-1/2 inches in diameter. 

a. Manufacturers: 

1) GEMCO. 
2) Midwest Fasteners, Inc. 

C. Staples: Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel 
or Monel. 

D. Wire: 0.062-inch soft-annealed, stainless steel. 

1. Manufacturers: 

a. ACS Industries, Inc. 
b. C & F Wire. 
c. PABCO-Childers Metals; Johns Manville Industrial Insulation. 
d. RPR Products, Inc. 

2.14 CORNER ANGLES 

A. PVC Corner Angles: 30 mils thick, minimum 1 by 1 inch, PVC according to ASTM D 1784, 
Class 16354-C. White or color-coded to match adjacent surface. 

B. Aluminum Corner Angles: 0.040 inch thick, minimum 1 by 1 inch, aluminum according 
to ASTM B 209, Alloy 3003, 3005, 3105 or 5005; Temper H-14. 

C. Stainless-Steel Corner Angles: 0.024 inch thick, minimum 1 by 1 inch, stainless steel 
according to ASTM A 167 or ASTM A 240/A 240M, Type 304 or 316. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation 
and other conditions affecting performance of insulation application. 

1. Verify that systems and equipment to be insulated have been tested and are free 
of defects. 

2. Verify that surfaces to be insulated are clean and dry. 
3. Proceed with installation only after unsatisfactory conditions have been 

corrected. 

3.2 PREPARATION 

A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials 
that will adversely affect insulation application. 
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B. Coordinate insulation installation with the trade installing heat tracing. Comply with 
requirements for heat tracing that applies to insulation. 

C. Mix insulating cements with clean potable water; if insulating cements are to be in 
contact with stainless-steel surfaces, use demineralized water. 

3.3 COMMON INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even 
surfaces; free of voids throughout the length of equipment, ducts and fittings, and 
piping including fittings, valves, and specialties. 

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses 
required for each item of equipment, duct system, and pipe system as specified in 
insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service. 
Install accessories that do not corrode, soften, or otherwise attack insulation or jacket 
in either wet or dry state. 

D. Install insulation with longitudinal seams at the 4 o’clock or 8 o’clock position on 
horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and 
specialties. 

G. Keep insulation materials dry during application and finishing. 

H. Install insulation with tight longitudinal seams and end joints. Bond seams and joints 
with adhesive as recommended by insulation material manufacturer. 

I. Install insulation with least number of joints practical. 

J. For services with surface temperatures below ambient, install a continuous unbroken 
vapor barrier.  Seal joints, seams, and penetrations in insulation at hangers, supports, 
anchors, and other projections with vapor-barrier mastic. 

1. Install insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor barriers are indicated, extend insulation 

on anchor legs from point of attachment to supported item to point of 
attachment to structure. Taper and seal ends at attachment to structure with 
vapor-barrier mastic. 

3. Install thermal hanger insert materials and install insulation to tightly join the 
insert. Seal insulation to insulation inserts with adhesive or sealing compound 
recommended by insulation material manufacturer. 

4. Cover thermal hanger inserts with jacket material matching adjacent pipe 
insulation. Install shields over jacket, arranged to protect jacket from tear or 
puncture by hanger, support, and shield. 

K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate 
and wet and dry film thicknesses. 

L. Install insulation with factory-applied jackets as follows: 
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1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch- wide strips, of same material as 

insulation jacket. Secure strips with adhesive and outward clinching staples 
along both edges of strip, spaced 4 inches o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Install insulation with 
longitudinal seams at the 4 o’clock or 8 o’clock position on the pipe. Clean and 
dry surface to receive self-sealing lap. Staple laps with outward clinching staples 
along edge at 4 inches o.c. 

a. For below ambient services, apply vapor-barrier mastic over staples. 

4. Cover joints and seams with tape as recommended by insulation material 
manufacturer to maintain vapor seal. 

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and 
joints and at ends adjacent to duct and pipe flanges and fittings. 

M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its 
nominal thickness. Where compression of insulation is possible, fabricate/install 
insulation per manufacturer’s recommendations. 

N. Finish installation with systems at operating conditions. Repair joint separations and 
cracking due to thermal movement. 

O. Repair damaged insulation facings by applying same facing material over damaged 
areas. Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and 
seal patches similar to butt joints. 

P. For above ambient services, do not install insulation to the following: 

1. Vibration-control devices. 
2. Testing agency labels and stamps. 
3. Nameplates and data plates. 
4. Manholes. 
5. Handholes. 
6. Cleanouts. 

3.4 PENETRATIONS 

A. Insulation Installation at Roof Penetrations: Install insulation continuously through roof 
penetrations. 

1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation above roof 

surface and seal with joint sealant. For applications requiring indoor and outdoor 
insulation, install insulation for outdoor applications tightly joined to indoor 
insulation ends. Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below 
top of roof flashing. 

4. Seal jacket to roof flashing with flashing sealant. 

B. Insulation Installation at Below-Grade Exterior Wall Penetrations: Terminate insulation 
flush with sleeve seal. Seal terminations with flashing sealant. 

C. Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation 
continuously through wall penetrations. 

1. Seal penetrations with flashing sealant. 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
MECHANICAL INSULATION  200700 - 18 

2. For applications requiring only indoor insulation, terminate insulation inside wall 
surface and seal with joint sealant. For applications requiring indoor and outdoor 
insulation, install insulation for outdoor applications tightly joined to indoor 
insulation ends. Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall 
flashing at least 2 inches. 

4. Seal jacket to wall flashing with flashing sealant. 

D. Insulation Installation at Interior Wall and Partition Penetrations that Are Not Fire 
Rated: Install insulation through walls and partitions as detailed. 

E. Insulation Installation at Fire-Rated Wall and Partition Penetrations: 

1. Terminate ductwork insulation at angle closure of fire damper sleeves. 
2. Install pipe insulation continuously through penetrations of fire-rated walls and 

partitions. 

a. Firestopping is specified in Division 07 Section “Through-Penetration 
Firestop Systems.” 

F. Insulation Installation at Floor Penetrations: 

1. Duct: Install insulation through floor penetrations that are not fire rated. For 
penetrations through fire-rated assemblies, terminate insulation at angle closure 
of fire damper sleeves. 

2. Pipe: Install insulation continuously through floor penetrations. 

a. Seal penetrations through fire-rated assemblies according to Division 07 
Section "Through-Penetration Firestop Systems." 

3.5 GENERAL PIPE INSULATION INSTALLATION 

A. Requirements in this Article generally apply to all insulation materials except where 
more specific requirements are specified in various pipe insulation material installation 
articles. 

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions: 

1. Install insulation over fittings, valves, strainers, flanges, unions, and other 
specialties with continuous thermal and vapor-retarder integrity, unless 
otherwise indicated. 

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made 
from same material and density as adjacent pipe insulation. Each piece shall be 
butted tightly against adjoining piece and bonded with adhesive. Fill joints, 
seams, voids, and irregular surfaces with insulating cement finished to a smooth, 
hard, and uniform contour that is uniform with adjoining pipe insulation. 

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation 
of same material and thickness as used for adjacent pipe. Cut sectional pipe 
insulation to fit. Butt each section closely to the next and hold in place with tie 
wire. Bond pieces with adhesive. 

4. Insulate valves using preformed fitting insulation or sectional pipe insulation of 
same material, density, and thickness as used for adjacent pipe. Overlap 
adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker. For valves, insulate up to 
and including the bonnets, valve stuffing-box studs, bolts, and nuts. Fill joints, 
seams, and irregular surfaces with insulating cement. 
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5. Insulate strainers using preformed fitting insulation or sectional pipe insulation 
of same material, density, and thickness as used for adjacent pipe. Overlap 
adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker. Fill joints, seams, and 
irregular surfaces with insulating cement. Insulate strainers so strainer basket 
flange or plug can be easily removed and replaced without damaging the 
insulation and jacket. Provide a removable reusable insulation cover. For below 
ambient services, provide a design that maintains vapor barrier. 

6. Insulate flanges and unions using a section of oversized preformed pipe 
insulation. Overlap adjoining pipe insulation by not less than two times the 
thickness of pipe insulation, or one pipe diameter, whichever is thicker. 

7. Cover segmented insulated surfaces with a layer of finishing cement and coat 
with a mastic. Install vapor-barrier mastic for below ambient services and a 
breather mastic for above ambient services. Reinforce the mastic with fabric-
reinforcing mesh. Trowel the mastic to a smooth and well-shaped contour. 

8. For services not specified to receive a field-applied jacket except for flexible 
Elastomeric, install fitted PVC cover over elbows, tees, strainers, valves, flanges, 
and unions. Terminate ends with PVC end caps. Tape PVC covers to adjoining 
insulation facing using PVC tape. 

9. Stencil or label the outside insulation jacket of each union with the word 
"UNION." Match size and color of pipe labels. 

C. Insulate instrument connections for thermometers, pressure gages, pressure 
temperature taps, test connections, flow meters, sensors, switches, and transmitters 
on insulated pipes, vessels, and equipment. Shape insulation at these connections by 
tapering it to and around the connection with insulating cement and finish with 
finishing cement, mastic, and flashing sealant. 

D. Install removable insulation covers at locations indicated. Installation shall conform to 
the following: 

1. Make removable flange and union insulation from sectional pipe insulation of 
same thickness as that on adjoining pipe. Install same insulation jacket as 
adjoining pipe insulation. 

2. When flange and union covers are made from sectional pipe insulation, extend 
insulation from flanges or union at least two times the insulation thickness over 
adjacent pipe insulation on each side of flange or union. Secure flange cover in 
place with stainless-steel or aluminum bands. Select band material compatible 
with insulation and jacket. 

3. Construct removable valve insulation covers in same manner as for flanges 
except divide the two-part section on the vertical center line of valve body. 

4. When covers are made from block insulation, make two halves, each consisting 
of mitered blocks wired to stainless-steel fabric. Secure this wire frame, with its 
attached insulation, to flanges with tie wire. Extend insulation at least 2 inches 
over adjacent pipe insulation on each side of valve. Fill space between flange or 
union cover and pipe insulation with insulating cement. Finish cover assembly 
with insulating cement applied in two coats. After first coat is dry, apply and 
trowel second coat to a smooth finish. 

5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed 
surfaces with a metal jacket. 

E. Install removable and reusable insulation covers in accordance with fabricator’s 
instructions, and at the following locations: 

1. At steam valves. 
2. At valves, flanges, and expansion joints. Expansion joints shall have jacket 

installed in a manner to allow for replacing of joints without removing insulation 
cover. 
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3.6 FLEXIBLE ELASTOMERIC PIPE INSULATION INSTALLATION 

A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to 
eliminate openings in insulation that allow passage of air to surface being insulated. 

B. Insulation Installation on Pipe Flanges: 

1. Install pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus 

twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with cut sections of sheet 
insulation of same thickness as pipe insulation. 

4. Secure insulation to flanges and seal seams with manufacturer's recommended 
adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install mitered sections of pipe insulation. 
2. Secure insulation materials and seal seams with manufacturer's recommended 

adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed valve covers manufactured of same material as pipe insulation 
when available. 

2. When preformed valve covers are not available, install cut sections of pipe and 
sheet insulation to valve body. Arrange insulation to permit access to packing 
and to allow valve operation without disturbing insulation. 

3. Install insulation to flanges as specified for flange insulation application. 
4. Secure insulation to valves and specialties and seal seams with manufacturer's 

recommended adhesive to eliminate openings in insulation that allow passage 
of air to surface being insulated. 

3.7 GLASS-FIBER AND MINERAL WOOL PIPE INSULATION INSTALLATION 

A. Insulation Installation on Straight Pipes and Tubes: 

1. Secure each layer of preformed pipe insulation to pipe with wire or bands and 
tighten bands without deforming insulation materials. 

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and 
protrusions with vapor-barrier mastic and joint sealant. 

3. For insulation with factory-applied jackets on above ambient surfaces, secure 
laps with outward clinched staples at 6 inches o.c. 

4. For insulation with factory-applied jackets on below ambient surfaces, do not 
staple longitudinal tabs but secure tabs with additional adhesive as 
recommended by insulation material manufacturer and seal with vapor-barrier 
mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 

1. Install PVC fitting covers when available. 
2. When PVC fitting covers are not available, install preformed pipe insulation to 

outer diameter of pipe flange: 
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a. Make width of insulation section same as overall width of flange and bolts, 
plus twice the thickness of pipe insulation. 

b. Fill voids between inner circumference of flange insulation and outer 
circumference of adjacent straight pipe segments with fiberglass or 
mineral wool blanket insulation as specified for system. 

3. Install jacket material with manufacturer's recommended adhesive, overlap 
seams at least 1 inch, and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install PVC fitting covers when available. 
2. When PVC fitting covers are not available, install mitered sections of pipe 

insulation, to a thickness equal to adjoining pipe insulation. Secure insulation 
materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install PVC fitting covers when available. 
2. When PVC fitting covers are not available, install mitered sections of pipe 

insulation to valve body. 
3. Arrange insulation to permit access to packing and to allow valve operation 

without disturbing insulation. 
4. Install insulation to flanges as specified for flange insulation application. 

3.8 DUCT AND PLENUM INSULATION INSTALLATION 

A. Blanket Insulation Installation on Ducts and Plenums: Secure with insulation pins. 

1. Install either capacitor-discharge-weld pins and speed washers or cupped-head, 
capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides 
of vertical ducts as follows: 

a. On duct sides with dimensions 18 inches and smaller, place pins along 
longitudinal centerline of duct. Space 3 inches maximum from insulation 
end joints, and 16 inches o.c. 

b. On duct sides with dimensions larger than 18 inches, place pins 16 inches 
o.c. each way, and 3 inches maximum from insulation joints. Install 
additional pins to hold insulation tightly against surface at cross bracing. 

c. Pins may be omitted from top surface of horizontal, rectangular ducts and 
plenums. 

d. Do not over compress insulation during installation. 
e. Impale insulation over pins and attach speed washers. 
f. Cut excess portion of pins extending beyond speed washers or bend 

parallel with insulation surface. Cover exposed pins and washers with tape 
matching insulation facing. 

2. For ducts and plenums with surface temperatures below ambient, install a 
continuous unbroken vapor barrier. Create a facing lap for longitudinal seams 
and end joints with insulation by removing 2 inches from 1 edge and 1 end of 
insulation segment. Secure laps to adjacent insulation section with 1/2-inch 
outward-clinching staples, 1 inch o.c. Install vapor barrier consisting of factory- 
or field-applied jacket, adhesive, vapor-barrier mastic, and sealant at joints, 
seams, and protrusions. 

a. Repair punctures, tears, and penetrations with tape or mastic to maintain 
vapor-barrier seal. 
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b. Install vapor stops for ductwork and plenums operating below 50 deg F at 
18-foot intervals. Vapor stops shall consist of vapor-barrier mastic applied 
in a Z-shaped pattern over insulation face, along butt end of insulation, and 
over the surface. Cover insulation face and surface to be insulated a width 
equal to 2 times the insulation thickness but not less than 3 inches. 

3. Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end 
joints. At end joints, secure with steel bands spaced a maximum of 18 inches o.c. 

4. Install insulation on rectangular duct elbows and transitions with a full insulation 
section for each surface. Install insulation on round and flat-oval duct elbows 
with individually mitered gores cut to fit the elbow. 

5. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation 
surface with 6-inch- wide strips of same material used to insulate duct. Secure 
on alternating sides of stiffener, hanger, and flange with pins spaced 6 inches 
o.c. 

B. Board Insulation Installation on Ducts and Plenums: Secure with adhesive and 
insulation pins. 

1. Apply adhesives according to manufacturer's recommended coverage rates per 
unit area, for 100 percent coverage of duct and plenum surfaces. 

2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings 
and transitions. 

3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, 
capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides 
of vertical ducts as follows: 

a. On duct sides with dimensions 18 inches and smaller, place pins along 
longitudinal centerline of duct. Space 3 inches maximum from insulation 
end joints, and 16 inches o.c. 

b. On duct sides with dimensions larger than 18 inches, space pins 16 inches 
o.c. each way, and 3 inches maximum from insulation joints. Install 
additional pins to hold insulation tightly against surface at cross bracing. 

c. Pins may be omitted from top surface of horizontal, rectangular ducts and 
plenums. 

d. Do not over compress insulation during installation. 
e. Cut excess portion of pins extending beyond speed washers or bend 

parallel with insulation surface. Cover exposed pins and washers with tape 
matching insulation facing. 

4. For ducts and plenums with surface temperatures below ambient, install a 
continuous unbroken vapor barrier. Create a facing lap for longitudinal seams 
and end joints with insulation by removing 2 inches from 1 edge and 1 end of 
insulation segment. Secure laps to adjacent insulation section with 1/2-inch 
outward-clinching staples, 1 inch o.c. Install vapor barrier consisting of factory- 
or field-applied jacket, adhesive, vapor-barrier mastic, and sealant at joints, 
seams, and protrusions. 

a. Repair punctures, tears, and penetrations with tape or mastic to maintain 
vapor-barrier seal. 

b. Install vapor stops for ductwork and plenums operating below 50 deg F at 
18-foot intervals. Vapor stops shall consist of vapor-barrier mastic applied 
in a Z-shaped pattern over insulation face, along butt end of insulation, and 
over the surface. Cover insulation face and surface to be insulated a width 
equal to 2 times the insulation thickness but not less than 3 inches. 

5. Install insulation on rectangular duct elbows and transitions with a full insulation 
section for each surface. Groove and score insulation to fit as closely as possible 
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to outside and inside radius of elbows. Install insulation on round and flat-oval 
duct elbows with individually mitered gores cut to fit the elbow. 

6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation 
surface with 6-inch- wide strips of same material used to insulate duct. Secure 
on alternating sides of stiffener, hanger, and flange with pins spaced 6 inches 
o.c. 

C. Flexible Elastomeric Thermal Insulation Installation for Ducts and Plenums: Install 
insulation over entire surface of ducts and plenums. 

1. Apply 100 percent coverage of adhesive to surface with manufacturer's 
recommended adhesive. 

2. Seal longitudinal seams and end joints. 
3. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation 

surface with strips of same material used to insulate duct and following 
manufacturer’s installation instructions. 

3.9 EQUIPMENT, TANK, AND VESSEL INSULATION INSTALLATION 

A. Secure insulation with adhesive and anchor pins and speed washers. 

1. Apply adhesives according to manufacturer's recommended coverage rates per 
unit area, for 100 percent coverage of tank and vessel surfaces. 

2. Groove and score insulation materials to fit as closely as possible to equipment, 
including contours. Bevel insulation edges for cylindrical surfaces for tight joints. 
Stagger end joints. 

3. Protect exposed corners with secured corner angles. 
4. Install adhesively attached or self-sticking insulation hangers and speed washers 

on sides of tanks and vessels as follows: 

a. Do not weld anchor pins to ASME-labeled pressure vessels. 
b. Select insulation hangers and adhesive that are compatible with service 

temperature and with substrate. 
c. On tanks and vessels, maximum anchor-pin spacing is 3 inches from 

insulation end joints, and 16 inches o.c. in both directions. 
d. Do not over compress insulation during installation. 
e. Cut and miter insulation segments to fit curved sides and domed heads of 

tanks and vessels. 
f. Impale insulation over anchor pins and attach speed washers. 
g. Cut excess portion of pins extending beyond speed washers or bend 

parallel with insulation surface. Cover exposed pins and washers with tape 
matching insulation facing. 

5. Secure each layer of insulation with stainless-steel or aluminum bands. Select 
band material compatible with insulation materials. 

6. Where insulation hangers on equipment and vessels are not permitted or 
practical and where insulation support rings are not provided, install a girdle 
network for securing insulation. Stretch prestressed aircraft cable around the 
diameter of vessel and make taut with clamps, turnbuckles, or breather springs. 
Place one circumferential girdle around equipment approximately 6 inches from 
each end. Install wire or cable between two circumferential girdles 12 inches o.c. 
Install a wire ring around each end and around outer periphery of center 
openings, and stretch prestressed aircraft cable radially from the wire ring to 
nearest circumferential girdle. Install additional circumferential girdles along the 
body of equipment or tank at a minimum spacing of 48 inches o.c. Use this 
network for securing insulation with tie wire or bands. 

7. Stagger joints between insulation layers at least 3 inches. 
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8. Install insulation in removable segments on equipment access doors, manholes, 
handholes, and other elements that require frequent removal for service and 
inspection. 

9. Bevel and seal insulation ends around manholes, handholes, ASME stamps, and 
nameplates. 

10. For equipment with surface temperatures below ambient, apply mastic to open 
ends, joints, seams, breaks, and punctures in insulation. 

B. Flexible Elastomeric Thermal Insulation Installation for Tanks and Vessels: Install 
insulation over entire surface of tanks and vessels. 

1. Apply 100 percent coverage of adhesive to surface with manufacturer's 
recommended adhesive. 

2. Seal longitudinal seams and end joints. 

C. Insulation Installation on Pumps: 

1. Fabricate metal boxes lined with insulation. Fit boxes around pumps and 
coincide box joints with splits in pump casings. Fabricate joints with outward 
bolted flanges. Bolt flanges on 6-inch centers, starting at corners. Install 3/8-
inch- diameter fasteners with wing nuts. Alternatively, secure the box sections 
together using a latching mechanism. 

2. Fabricate boxes from galvanized steel, at least 0.040 inch thick. 
3. For below ambient services, install a vapor barrier at seams, joints, and 

penetrations. Seal between flanges with replaceable gasket material to form a 
vapor barrier. 

3.10 FIELD-APPLIED JACKET INSTALLATION 

A. Install jacket over insulation material. For insulation with factory-applied jacket, install 
the field-applied jacket over the factory-applied jacket. 

B. Where glass-cloth jackets are indicated, install directly over bare insulation or 
insulation with factory-applied jackets. 

1. Draw jacket smooth and tight to surface with 2-inch overlap at seams and joints. 
2. Embed glass cloth between two 0.062-inch- thick coats of lagging adhesive. 
3. Completely encapsulate insulation with coating, leaving no exposed insulation. 

C. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and 
end joints; for horizontal applications, install with longitudinal seams along top and 
bottom of tanks and vessels. Seal with manufacturer's recommended adhesive. 

1. Apply two continuous beads of adhesive to seams and joints, one bead under 
lap and the finish bead along seam and joint edge. 

D. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams 
and end joints. Overlap longitudinal seams arranged to shed water. Seal end joints with 
weatherproof sealant recommended by insulation manufacturer. Secure jacket with 
stainless-steel bands 12 inches o.c. and at end joints. 

E. Where self-adhesive jackets are indicated, install according to manufacturer’s 
instructions and details on the drawings. Overlap seams arranged to shed water. 

F. Where sound barrier jackets are indicated, install in accordance with manufacturer’s 
instructions. 
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3.11 FINISHES 

A. Duct, Equipment, and Pipe Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket 
Material: Paint jacket with paint system specified in Division 09 painting Sections. 

B. Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two 
coats of insulation manufacturer's recommended protective coating. 

C. Color: Final color as selected by Architect. Vary first and second coats to allow visual 
inspection of the completed Work. 

D. Do not field paint aluminum or stainless-steel jackets. 

END OF SECTION 200700 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and General Provisions of the Contract, including General and 
Supplementary Conditions and Division 01 specification sections, apply to work of this 
section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 
3. Division 20 Section “Motors.” 

1.2 REFERENCES 

A. ABMA 9 - Load Ratings and Fatigue Life for Ball Bearings. 

B. ABMA 11 - Load Ratings and Fatigue Life for Roller Bearings. 

C. ANSI/NEMA MG 1 - Motors and Generators. 

1.3 DEFINITIONS 

A. BAS: Building automation system. 

B. EMI: Electromagnetic interference. 
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C. LED: Light-emitting diode. 

D. RFI: Radio-frequency interference. 

E. THD: Total harmonic disturbance. 

F. VFC: Variable frequency controller. Variable frequency controllers may also be 
referred to as variable speed drives, variable frequency drives, VSDs, or VFDs in other 
Specification Sections or on the Drawings. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type and rating of VFC indicated. 

1. Include dimensions and finishes for VFCs. 
2. Include rated capacities, operating characteristics, electrical characteristics, and 

furnished specialties and accessories. 

1.5 INFORMATIONAL SUBMITTALS 

A. Shop Drawings:  Indicating power, control and instrument wiring including ladder 
diagrams for field work as well as factory assembled work. Manufacturer's drawings 
are acceptable only when modified and supplemented to reflect project conditions. 
The drawings shall include: 

1. Overall schematic (elementary) diagram in JIC form of the entire system of 
power and control circuitry. Indicate interfaces with control wiring by 
temperature controls contractor. 

2. Wiring diagrams showing the wiring layout of component assemblies or systems. 
3. Interconnection wiring diagrams showing terminations of interconnecting 

conductors between component assemblies, systems, control devices, and 
control panels complete with conductor identification, number of conductors, 
conductor and conduit size. 

4. Sequence of operation for components, assemblies or systems. 
5. Dimensional data. 

B. Product Certificates: For each VFC from manufacturer. 

C. Harmonic Analysis Report: Provide Project-specific calculations and manufacturer's 
statement of compliance with IEEE 519. 

D. Coordination Data for Motor-Driven Equipment: Accompanied by complete 
information concerning the respective motors including the following. 

1. Principal dimensions. 
2. Weights. 
3. Horsepower. 
4. Voltage, phase, frequency. 
5. Speed. 
6. Class of insulation. 
7. Enclosure type. 
8. Frame. 
9. Bearings including ABMA Rating Life (L-10 basis). 
10. Design letter. 
11. Manufacturer. 
12. Service Factor 
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E. Descriptive data shall include catalogues, guaranteed performance data with 
efficiency and power factor indicated at 75 percent and 100 percent of rated load and 
verification of conformance with other requirements of the Contract Documents. The 
information enumerated under NEMA MG1 Paragraph MG1-10.38, shall be arranged on 
one sheet for each motor. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For VFCs to include in emergency, operation, and 
maintenance manuals. 

1.7 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise on-
site testing. 

B. Product Options for Restricted Space: Drawings indicate maximum dimensions for 
VFCs, including clearances between VFCs, and adjacent surfaces and other items. 
Refer to Division 01 Section "Product Requirements." 

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

D. Comply with NFPA 70. 

E. Comply with IEEE 519 - Recommended Practice and Requirements for Harmonic 
Control in Electric Power Systems. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Store VFCs in permanently enclosed and conditioned spaces. 

B. If stored in space that is not permanently enclosed and conditioned, remove loose 
packing and flammable materials from inside controllers and install temporary electric 
heating, with at least 250 W per controller. 

1.9 COORDINATION 

A. For Electrical Work Provided under Division 20, 22, and 23 Specifications: Furnish UL 
Listed components, in accordance with Division 26 Specifications and applicable 
NEMA and NEC (ANSI C 1) requirements. Provide wiring, external to electrical 
enclosures, in conduit. 

B. Provide Electrical Work required for the operation of components and assemblies 
provided as part of the Work under Division 20, 22, and 23 Specifications. 

C. Coordinate with temperature controls contractor for interfaces with temperature 
controls wiring. 
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D. Mount line voltage (120 VAC) control components specified as part of the Work under 
Division 20, 22, and 23 Specifications. 

E. Refer to ELECTRICAL DRAWINGS and Division 26 Specifications for specified 
information regarding provisions for the arrangement of electrical circuits and 
components and for interface with Work specified under Division 20, 22, and 23 
Specifications. 

F. The mechanical contractor shall furnish and install the variable frequency controller. 
Electrical trades shall make power connections to both load and line side of the VFC. 

1.10 WARRANTY 

A. Warranty shall be 36 months from date of project acceptance. The warranty shall 
include all parts, labor, travel time and expenses. 

PART 2 - PRODUCTS 

2.1 GENERAL 

A. Electrical Power Supply Characteristics: 480 volts, 3 phase, 60 hertz (Hz). 

B. Controller(s) shall be suitable for use with standard NEMA-B squirrel-cage induction 
motor(s) having a 1.15 Service Factor. At any time in the future, it shall be possible to 
substitute standard motor (equivalent horsepower, voltage and RPM) in the field. 

2.2 VARIABLE FREQUENCY CONTROLLERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the manufacturers specified. 

1. Yaskawa Electric America, Inc. 

B. Provide variable frequency controllers as scheduled including coasting motor restart, 
and step over frequency. 

1. The ratio of the total impedance to common system impedance shall be greater 
than or equal to 10. 

2. The voltage notch area shall be limited to 16-400 volt microseconds. 
3. The total harmonic disturbance (THD) as a result of voltage notching shall be 3 

percent or less at the point of common coupling. 
4. The THD as a result of current notching shall be 100 percent or less at the point 

of common coupling. 

C. Provide 3 percent AC input line reactors sized appropriate for each current rating 
variable frequency controller. 

D. Variable frequency controller (VFC) shall comply with all applicable provisions of the 
National Electrical Code. 

E. Line side of the VFC shall have a displacement power factor of 0.95 or greater when 
motor is operating at 50 to 100 percent motor speed. 
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F. VFC shall have efficiency greater than 85 percent when motor is operating at 50 to 
100 percent motor speed. 

G. Design and Rating: Match load type, such as fans, blowers, and pumps; and type of 
connection used between motor and load such as direct or through a power-
transmission connection. 

H. Unit Operating Requirements: 

1. Input AC Voltage Tolerance: Plus 10 and minus 5 percent of VFC input voltage 
rating. 

2. Input Frequency Tolerance: Plus 2 percent of VFC frequency rating. 

I. Each variable frequency controller shall consist of an adjustable frequency converter 
which shall convert input power into an adjustable frequency output in an ambient 
temperature of zero to 40 deg C. Output power shall be suitable capacity and 
waveform to provide stepless speed control of the specified horsepower motor 
throughout the required speed range under variable torque load not exceeding the 
motor's full-load rating. 

J. Provide fault detection and trip circuits to protect itself and the connected motor 
against line voltage transients, power line under voltage, output overvoltage and 
overcurrent. A disconnect with padlockable door interlocked external handle shall be 
supplied to disconnect the incoming power. 

1. Minimum SCCR according to UL 508 shall be as indicated on the Drawings, 
whichever is greater. 

K. Minimum output frequency shall be the lowest frequency at which the connected 
motor can be operated without overheating. 

L. Inverter shall contain current limiting circuitry, adjustable to 100 percent of motor full-
load current to provide soft start, acceleration, and running without exceeding motor 
rated current. The current limit circuit shall be of the type for variable torque load, 
which acts to diminish output frequency while limiting, without directly causing 
shutdown. 

M. Automatic Reset/Restart: Attempt three restarts after drive fault or on return of power 
after an interruption and before shutting down for manual reset or fault correction; 
adjustable delay time between restart attempts. For safety, drive shall shut down and 
require manual reset and restart if automatic reset/restart function is not successful 
within three attempts. 

N. Bidirectional Autospeed Search: Capable of starting VFC into rotating loads spinning 
in either direction and returning motor to set speed in proper direction, without 
causing damage to drive, motor, or load. 

O. Isolate signal circuits from the power circuits and design to accept a speed signal from 
a remote process controller in the automatic mode and from the speed control 
potentiometer in the manual mode. A door-mounted switch shall provide mode 
selection. The selected signal shall control the motor speed between the adjustable 
minimum and maximum speed settings. Maximum speed shall be field adjustable to 
100 percent of rated speed. The speed signal shall follow a linear time ramp, adjustable 
from 4-20 seconds to provide acceleration from zero to minimum speed. When 
minimum speed is reached, the speed signal shall follow the linear time ramp for 
acceleration and deceleration control. 
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P. Mount the adjustable frequency inverter and other electrical components that provide 
the operation specified in a NEMA 4 enclosure. Equipment shall have external heat 
sinks, or air filters on all vents. The enclosure shall have hinged front access doors with 
latch. Cabinet to cabinet interconnecting wiring shall be factory dressed, tagged and 
harnessed, and shipped with one end attached. 

Q. Controller shall have the ability to step-over certain set frequencies that may cause a 
system to resonate. The controller shall have at least two manually set points of 
frequency in which the controller shall step-over during operation. 

R. Operating and monitoring devices for the inverter shall be door mounted and shall 
include the following: 

1. Manual Speed Control to set speed in the hand (manual) mode. 
2. Speed indicating meter, either in revolutions per minute, proportional to the 

applied frequency and voltage to indicate speed of the converter-powered 
motor or frequency (hertz). 

3. VFC "fault/reset" pilot light pushbutton combination with dry contact for 
external alarm. Fault alarm shall not actuate upon normal shutdown. 

4. Inverter "control power" indicator. 
5. Motor "running" indicator and two dry contacts that close when motor is running. 
6. Output current meter calibrated in "AC amps." 
7. Operating selector switches and indicating light to perform the following 

functions: 

a. One hand-off-auto switch for the VFC with indicating lights (red-running, 
green-energized). In hand position, unit (VFC or bypass starter) shall start. 
In auto position, unit (VFC or bypass starter) shall start when remote dry 
contact is closed. 

b. Unit shall be capable of being padlocked in the off position. 

8. Output voltmeter (0 - 600 VAC) (analog or digital). 

S. The VFC is to be provided with isolated 4-20 mA DC output signals proportional to 
speed, current and voltage for connection by others. 

T. The VFC shall be provided with the ability to communicate (monitoring) through 
RS485 connector. 

U. Remote speed control shall be a 3-15 psig pneumatic signal from a remote controller. 
Provide a pressure transducer in the VFC enclosure to convert the pneumatic signal 
to an electrical signal for automatic speed control. 

V. Remote speed control shall be 4-20 mA control signal from a remote controller. 

W. Automatic bypass starter shall be as follows: 

1. Single-Speed Non-reversing Starter: Consisting of a full voltage magnetic starter 
with two convertible auxiliary contacts, thermal overloads, control transformer 
and control devices as indicated and as specified, all mounted and wired in a 
separate sectioned part of VFC enclosure. 

2. Interlocking: Equip switch with an external operating handle. Interlock the 
operating handle such that the door cannot be opened unless the switch is in the 
"off" position. Provide means for padlocking the operating handle in the "off" 
position with three 5/16 inch shackle padlocks such that when the operating 
handle is padlocked in the "off" position, the cover door cannot be opened and 
the switch cannot be closed. 
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3. Starter: Size starters per the horsepower of the motors with which they will be 
used, except do not furnish starters smaller than NEMA Size 1 for motors of 5 
horsepower or less. Provide coils for operation on 120 volts AC unless other 
requirements are indicated. Equip each starter with a minimum of two 
convertible auxiliary contacts in addition to the normally-open seal-in contact, 
unless additional requirements are indicated. Provide additional contacts as 
indicated. 

4. Thermal Overload: One in each phase wire, manual reset type. Select overloads 
after final installed horsepower of motor is determined. Do not use ratings 
exceeding 100 percent of motor full load current adjusted for ambient 
temperatures. 

5. Control Transformer: Provide a 120 volt control transformer in the starter 
enclosure. Fuse and ground the secondary winding as indicated. Where 
indicating lights or other control components are to be energized from the 
control transformer, increase the capacity of the control transformer to 200 VA. 

6. Bypass/VFC starter shall consist of 3 contactors or have a drive disconnect as 
well as a main disconnect for isolation purposes. 

X. Variable frequency controller shall not cause motor to produce noise levels exceeding 
80 dBA measured at a distance of 3 feet from the motor. If noise level of motor 
exceeds this amount, the contractor shall be responsible for correcting the problem. 

Y. Provide connection points for system safety controls such as smoke detectors, freeze 
stats, damper end switches, etc. as shown on mechanical temperature control 
drawings. Opening of a contact on safety controls wired to the drive shall shut down 
the motor(s 

Z. VFCs specified on the drawings to have contactor motor selection, in order to operate 
"either one or both" motors connected to the VFC, shall have the separate motors 
controlled by horse power rated contactors. These contactors shall be capable of 
being controlled locally (by a switch in the panel door) or remotely. The contactors 
shall also have two convertible auxiliary contacts in order to sense contactor position. 

AA. VFCs specified on the drawings to operate "either" motor with contactor motor 
selection shall have separate horse power rated contactors to control each motor. 

BB. The contactors shall be interlocked in order that only one motor may run at a time. 
These contactors shall be capable of being controlled locally (by a switch in the panel 
door) or remotely. The contactors shall also have two convertible auxiliary contacts in 
order to sense contactor position. 

CC. Provide in each VFC, a relay, that upon loss of the automatic speed control signal shall: 

DD. Coordinate with the Temperature Controls Contractor for the interface of control 
wiring to the drive as required to meet the requirements of the temperature control 
drawings. Drive shall be furnished with internal control wiring configured in the factory 
to allow single connections of field wiring to terminal blocks in the drive by the 
Temperature Controls Contractor. 

EE. All indicating lights shall be push to test or LED. 

2.3 SOURCE QUALITY CONTROL 

A. Factory Tests:  The controller shall be subject to, but not limited to, the following 
quality assurance controls, procedures and tests: 
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1. Power transistors, SCRs and diodes shall be tested to ensure correct function 
and highest reliability. 

2. All printed circuit boards shall be tested at 50 deg C for 50 hours. The VFC 
manufacturer shall provide certification that the tests have been completed. 

3. Every controller will be functionally tested with a motor to ensure that if the 
drive is started up according to the instruction manual provided, the unit will run 
properly. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas, surfaces, and substrates to receive VFCs, with Installer present, for 
compliance with requirements for installation tolerances, and other conditions 
affecting performance. 

B. Examine VFC before installation.  Reject VFCs that are wet, moisture damaged, or 
mold damaged. 

C. Examine roughing-in for conduit systems to verify actual locations of conduit 
connections before VFC installation. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install and adjust materials and equipment in accordance with the manufacturer's 
instructions. 

B. Obtain the manufacturer's instructions for materials and equipment provided under 
the Contract in detail necessary to comply with the requirements of the Contract 
Documents. 

C. If unit is free standing, provide a concrete housekeeping pad. 

3.3 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service: Engage a factory-authorized service representative to 
test and inspect components, assemblies, and equipment installations, including 
connections. 

B. Upon completion of each installation, conduct complete acceptance tests in the 
presence of duly notified authorities having jurisdiction and the Owner to demonstrate 
component, assembly or system performance in accordance with the requirements of 
the Contract Documents. 

C. In the event that a test demonstrates that a component assembly or system 
performance is deficient, the Owner may require additional tests after corrective work. 

D. Prepare test and inspection reports, including a certified report that identifies the VFC 
and describes scanning results. Include notation of deficiencies detected, remedial 
action taken, and observations made after remedial action. 
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E. Component assembly and systems acceptance is predicated upon completion of 
specified work and receipt by the Owner of data specified under "Submittals." 

F. Electrical testing of motors is specified in Division 20 Section “Motors.” 

3.4 ADJUSTING 

A. Program microprocessors for required operational sequences, status indications, 
alarms, event recording, and display features. Clear events memory after final 
acceptance testing and prior to Substantial Completion. 

B. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-
relay pickup and trip ranges. 

C. Adjust the trip settings of instantaneous-only circuit breakers and thermal-magnetic 
circuit breakers with adjustable, instantaneous trip elements. Initially adjust to 6 times 
the motor nameplate full-load amperes and attempt to start motors several times, 
allowing for motor cool-down between starts. If tripping occurs on motor inrush, 
adjust settings in increments until motors start without tripping. Do not exceed 8 times 
the motor full-load amperes (or 11 times for NEMA Premium Efficient motors if 
required). Where these maximum settings do not allow starting of a motor, notify 
Construction Manager before increasing settings. 

D. Set the taps on reduced-voltage autotransformer controllers. 

E. Set field-adjustable circuit-breaker trip ranges. 

F. Set field-adjustable pressure switches. 

3.5 PROTECTION 

A. Temporary Heating: Apply temporary heat to maintain temperature according to 
manufacturer's written instructions until controllers are ready to be energized and 
placed into service. 

B. Replace VFCs whose interiors have been exposed to water or other liquids prior to 
Substantial Completion. 

3.6 DEMONSTRATION 

A. The VFC supplier/support group shall provide the following additional services: 

1. On-site training of customer personnel in operation and maintenance of variable 
frequency controllers. 

2. Provide four copies of a troubleshooting manual and factory training manuals to 
help the building operator determine what steps must be taken to correct any 
problem that may exist in the system. 

3. Coordinate enrollment of customer personnel in factory-held service schools. 

END OF SECTION 202923 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Provisions of Division 20 Section “Mechanical General Requirements” apply to this 
Section. 

C. Related Sections include the following: 

1. Division 10 Section "Fire-Protection Specialties" for cabinets and fire 
extinguishers. 

2. Division 20 Section “Basic Mechanical Materials and Methods.” 
3. Division 20 Section "Hangers and Supports.” 
4. Division 21 fire pump sections for fire pumps, pressure-maintenance pumps, and 

pump controllers. 
5. Division 21 Section "Foam Fire Extinguishing" for extinguishing systems. 
6. Division 21 clean-agent extinguishing system sections. 
7. Division 28 Section "Fire Alarm" for alarm devices not specified in this Section. 

1.2 DEFINITIONS 

A. CR: Chlorosulfonated polyethylene synthetic rubber. 

B. High-Pressure Piping System: Fire-suppression piping system designed to operate at 
working pressure higher than standard 175 psig. 

C. PE: Polyethylene plastic. 

D. Underground Service-Entrance Piping: Underground service piping below the 
building. 

E. Hose Connection: Valve with threaded outlet matching fire hose coupling thread for 
attaching fire hose. 

F. Hose Station: Hose connection, fire hose rack, and fire hose. 

G. Working Plans: Documents, including drawings, calculations, and material 
specifications prepared according to NFPA 13 and NFPA 14 for obtaining approval 
from authorities having jurisdiction. 

1.3 SYSTEM DESCRIPTIONS 

A. Wet-Pipe Sprinkler System: Automatic sprinklers are attached to piping containing 
water and that is connected to water supply. Water discharges immediately from 
sprinklers when they are opened. Sprinklers open when heat melts fusible link or 
destroys frangible device. Hose connections are included if indicated. 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
FIRE-SUPPRESSION SYSTEM  211100 - 3 

1.4 PERFORMANCE REQUIREMENTS 

A. Standard Piping System Component Working Pressure: Listed for at least 175 psig. 

B. High-Pressure Piping System Component Working Pressure: Listed for 300 psig. 

C. Delegated Design: Design sprinkler system(s), including comprehensive engineering 
analysis by a qualified professional engineer, using performance requirements and 
design criteria indicated. 

D. Fire-suppression sprinkler system design shall be approved by authorities having 
jurisdiction. 

1. Margin of Safety for Available Water Flow and Pressure: 10 percent, including 
losses through water-service piping, valves, and backflow preventers. 

2. Sprinkler Occupancy Hazard Classifications, for bidding purposes, as follows: 

a. Building Service Areas: Ordinary Hazard, Group 1. 
b. Electrical Equipment Rooms: Ordinary Hazard, Group 1. 
c. General Storage Areas: Ordinary Hazard, Group 1. 
d. Mechanical Equipment Rooms: Ordinary Hazard, Group 1. 
e. Office and Public Areas: Light Hazard. 

3. Minimum Density for Automatic-Sprinkler Piping Design: 

a. Light-Hazard Occupancy: 0.10 gpm/sq. ft. over 1500-sq. ft. area. 
b. Ordinary-Hazard, Group 1 Occupancy: 0.15 gpm over 1500-sq. ft. area. 

4. Maximum Protection Area per Sprinkler: 

a. Office Spaces: 120 sq. ft. 
b. Storage Areas: 130 sq. ft. 
c. Mechanical Equipment Rooms: 130 sq. ft. 
d. Electrical Equipment Rooms: 130 sq. ft. 
e. Other Areas: According to NFPA 13 recommendations, unless otherwise 

indicated. 

5. Total Combined Hose-Stream Demand Requirement: According to NFPA 13, 
unless otherwise indicated: 

a. Light-Hazard Occupancies: 100 gpm for 30 minutes. 
b. Ordinary-Hazard Occupancies: 250 gpm for 60 to 90 minutes. 
c. Extra-Hazard Occupancies: 500 gpm for 90 to 120 minutes. 

E. Water velocity in the piping system shall not exceed the following: 

1. Underground mains: 16 ft./sec. 
2. Aboveground mains: 20 ft./sec. 
3. Sprinkler branch lines: 20 ft./sec. 

1.5 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 
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1.6 INFORMATIONAL SUBMITTALS 

A. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other 
work. 

1. Wiring Diagrams: For power, signal, and control wiring. 

B. Delegated-Design Submittal: For sprinkler systems indicated to comply with 
performance requirements and design criteria, including analysis data signed and 
sealed by the qualified professional engineer responsible for their preparation. 

C. Coordination Drawings: Sprinkler systems, drawn to scale, on which the following 
items are shown and coordinated with each other, using input from installers of the 
items involved: 

1. Domestic water piping. 
2. HVAC hydronic piping. 
3. Items penetrating finished ceiling include the following: 

a. Lighting fixtures. 
b. Air outlets and inlets. 

D. Qualification Data: For qualified Installer. 

E. Approved Sprinkler Piping Drawings: Working plans, prepared according to NFPA 13, 
that have been approved by authorities having jurisdiction, the Owner’s insurance 
underwriter including hydraulic calculations, if applicable. 

1. Sprinklers shall be referred to on drawings, submittals, and other documentation, 
by the sprinkler identification number (SIN) or model number as specifically 
published in the appropriate agency listing or approval. Trade names or other 
abbreviated designations shall not be allowed. 

F. Fire-hydrant flow test report. 

1.7 CLOSEOUT SUBMITTALS 

A. Field Test Reports and Certificates: Indicate and interpret test results for compliance 
with performance requirements and as described in NFPA 13. Include "Contractor's 
Material and Test Certificate for Aboveground Piping"  

B. Field quality-control reports. 

C. Operation and Maintenance Data: For specialties to include in operation and 
maintenance manuals. 

1.8 QUALITY ASSURANCE 

A. Installer Qualifications: 

1. Installer's responsibilities include designing, fabricating, and installing fire-
suppression systems and providing professional engineering services needed to 
assume engineering responsibility. Base calculations on results of fire-hydrant 
flow test. 
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a. Engineering Responsibility: Preparation of working plans, calculations, and 
field test reports by a qualified professional engineer. 

B. The provisions and requirements of the NFPA and the Owner’s insurance underwriter 
constitute mandatory minimum requirements for the work of this Section. 

C. NFPA Standards: Fire-suppression-system equipment, specialties, accessories, 
installation, and testing shall comply with the following: 

1. NFPA 13, "Installation of Sprinkler Systems." 
2. NFPA 13R, "Installation of Sprinkler Systems in Residential Occupancies up to 

and Including Four Stories in Height." 

D. Grooved couplings, fittings, valves, and specialties shall be the products of a single 
manufacturer. 

1.9 COORDINATION 

A. Coordinate layout and installation of sprinklers with other construction that penetrates 
ceilings, including light fixtures, HVAC equipment, and partition assemblies. 

1.10 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and that are 
packaged with protective covering for storage and identified with labels describing 
contents. 

1. Sprinkler Cabinets: Finished, wall-mounting, steel cabinet with hinged cover, 
with space for minimum of six spare sprinklers plus sprinkler wrench. Include 
number of sprinklers required by NFPA 13 and sprinkler wrench. Include separate 
cabinet with sprinklers and wrench for each type of sprinkler on Project. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 STANDARD-WEIGHT BLACK STEEL PIPE AND FITTINGS 

A. Threaded-End, Standard-Weight Steel Pipe: ASTM A 53/A 53M, ASTM A 135, or 
ASTM A 795, with factory- or field-formed threaded ends, and with factory applied 
antimicrobial coating on inner wall of pipe. 

1. Cast-Iron Threaded Flanges: ASME B16.1. 
2. Malleable-Iron Threaded Fittings: ASME B16.3. 
3. Gray-Iron Threaded Fittings: ASME B16.4. 
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4. Steel Threaded Pipe Nipples: ASTM A 733, made of ASTM A 53/A 53M or 
ASTM A 106, Schedule 40, seamless steel pipe. Include ends matching joining 
method. 

5. Steel Threaded Couplings: ASTM A 865. 

B. Plain-End, Standard-Weight Steel Pipe: ASTM A 53/A 53M, ASTM A 135, or 
ASTM A 795, and with factory applied antimicrobial coating on inner wall of pipe. 

1. Steel Welding Fittings: ASTM A 234/A 234M, and ASME B16.9 or ASME B16.11. 
2. Steel Flanges and Flanged Fittings: ASME B16.5. 

C. Grooved-End, Standard-Weight Steel Pipe: ASTM A 53/A 53M, ASTM A 135, or 
ASTM A 795, with factory- or field-formed, square-cut- or roll- grooved ends, and with 
factory applied antimicrobial coating on inner wall of pipe.  

1. Grooved-Joint Piping Systems: 

a. Manufacturers: 

1) Anvil; Models 74FP and 7401; ASC Engineered Solutions. 
2) Tyco Fire Protection Products by Johnson Controls Company; 

Grinnell G-Fire. 
3) Victaulic Co. of America; Style 005H, 009N, 107N and 109. 

b. Grooved-End Fittings: UL-listed, ASTM A 536, ductile-iron casting with OD 
matching steel-pipe OD. 

c. Grooved-End-Pipe Couplings: UL 213 and AWWA C606, rigid pattern, 
unless otherwise indicated; gasketed fitting matching steel-pipe OD. 
Include ductile-iron housing with keys matching steel-pipe and fitting 
grooves, rubber gasket listed for use with housing, and steel bolts and nuts. 

2.3 BACKFLOW PREVENTION DEVICES 

A. Double-Check, Detector-Assembly Backflow Preventers: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Conbraco Industries, Inc. 
b. FEBCO; a Division of Watts Water Technologies, Inc. 
c. Watts Water Technologies, Inc.; Ames Fire & Waterworks. 
d. Watts Water Technologies, Inc.; Watts Regulator Co. 
e. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard: ASSE 1048 and FMG approved or UL listed. 
3. Operation: Continuous-pressure applications. 
4. Pressure Loss: 5 psi maximum, through middle 1/3 of flow range. 
5. Size and Capacities: As scheduled on the drawings. 
6. Body: Cast-iron or ductile-iron, with interior lining complying with AWWA C550 

or that is FDA approved. 
7. End Connections: Flanged. 
8. Configuration: Designed for horizontal, straight through flow. 
9. Accessories: 

a. Valves: Outside screw and yoke gate-type with flanged, or grooved ends 
on inlet and outlet. 
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b. Bypass: With displacement-type water meter, shutoff valves, and double-
check backflow prevention device. 

B. Reduced-Pressure-Detector, Fire-Protection Backflow-Preventer Assemblies: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Conbraco Industries, Inc. 
b. FEBCO; a Division of Watts Water Technologies, Inc. 
c. Watts Water Technologies, Inc.; Ames Fire & Waterworks. 
d. Watts Water Technologies, Inc.; Watts Regulator Co. 
e. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard: ASSE 1047 and Factory Mutual Global (FMG) approved or UL listed. 
3. Operation: Continuous-pressure applications. 
4. Pressure Loss: 12 psig maximum, through middle 1/3 of flow range. 
5. Size and Capacities: As scheduled on the drawings. 
6. Body: Cast-iron or ductile-iron, with interior lining complying with AWWA C550 

or that is FDA approved. 
7. End Connections: Flanged. 
8. Configuration: Designed for horizontal, straight through flow. 
9. Accessories: 

a. Valves: Outside screw and yoke gate-type with flanged ends on inlet and 
outlet. 

b. Air-Gap Fitting: ASME A112.1.2, matching backflow-preventer connection. 
c. Bypass: With displacement-type water meter, shutoff valves, and reduced-

pressure backflow preventer. 

2.4 SPRINKLER SPECIALTY FITTINGS 

A. Sprinkler specialty fittings shall be UL listed or FMG approved, with 175-psig minimum 
working-pressure rating, and made of materials compatible with piping. Sprinkler 
specialty fittings shall have 300-psig working-pressure rating if fittings are 
components of high-pressure piping system. 

B. Sprinkler Drain and Alarm Test Fittings: Cast-bronze or ductile-iron body; with 
threaded or locking-lug inlet and outlet, test valve, and orifice and sight glass. 

1. Manufacturers: 

a. Tyco Fire Protection Products by Johnson Controls Company. 
b. Fire-End and Croker Corp. 
c. Viking Corp. 
d. Victaulic Co. of America; Series UTD Universal Test and Drain. 

C. Sprinkler Branch-Line Test Fittings: Brass body with threaded inlet, capped drain 
outlet, and threaded outlet for sprinkler. 

1. Manufacturers: 

a. Elkhart Brass Mfg. Co., Inc. 

D. Sprinkler Inspector's Test Fitting: Cast- or ductile-iron housing with threaded inlet and 
drain outlet and sight glass. 
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1. Manufacturers: 

a. AGF Manufacturing Co. 
b. G/J Innovations, Inc. 
c. Triple R Specialty of Ajax, Inc. 
d. Tyco Fire Protection Products by Johnson Controls Company. 

E. Drop-Nipple Fittings: UL 1474, adjustable with threaded inlet and outlet, and seals. 

1. Manufacturers: 

a. CECA, LLC. 
b. Merit. 

F. Flexible Sprinkler Drop Fittings: 

1. Manufacturers: 

a. Victaulic Co. of America; VicFlex Sprinkler Fittings; AH-2 or AH2-CC with 
AB1 Bracket Assembly. 

b. Reliable Automatic Sprinkler Co., Inc.; RASCOflex Series RFB. 
c. FlexHead Industries, Inc.; ASC Engineered Solutions 

2. Description: UL listed and FMG approved stainless steel flexible hose for 
connection to sprinkler, and with bracket for connection to commercial ceiling 
grid. 

3. Standard: UL 2443. 
4. Pressure Rating: 175 psig minimum; 300 psig if fittings are components of high-

pressure piping system. 
5. Size: Same as connected piping, for sprinkler. 

2.5 LISTED FIRE-PROTECTION VALVES 

A. Valves: UL listed or FMG approved.  

1. Valves shall have 175-psig minimum pressure rating. 

B. Gate Valves with Wall Indicator Posts: 

1. Gate Valves: UL 262, cast-iron body, bronze mounted, with solid disc, nonrising 
stem, operating nut, and flanged ends. 

2. Manufacturers: 

a. McWane, Inc.; Kennedy Valve Div. 
b. NIBCO. 
c. Crane Co.; Crane Valve Group; Stockham Valves. 

C. Ball Valves: Comply with UL 1091, except with ball instead of disc. 

1. NPS 1-1/2 and Smaller: Bronze body with threaded ends. 
2. NPS 2 and NPS 2-1/2: Bronze body with threaded ends or ductile-iron body with 

grooved ends. 
3. NPS 3: Ductile-iron body with grooved ends. 
4. Manufacturers: 

a. NIBCO. 
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b. Victaulic Co. of America. 

D. Butterfly Valves: UL 1091. 

1. NPS 2-1/2 and Larger: Bronze, cast-iron, or ductile-iron body; wafer type or with 
flanged or grooved ends. 

a. Manufacturers: 

1) McWane, Inc.; Kennedy Valve Div. 
2) Mueller Company; ASC Engineered Solutions. 
3) NIBCO. 
4) Tyco Fire Protection Products by Johnson Controls Company. 
5) Victaulic Co. of America; Series 705. 

E. Check Valves NPS 2 and Larger: UL 312, swing type, cast-iron body with flanged or 
grooved ends. 

1. Manufacturers: 

a. Crane Co.; Crane Valve Group; Crane Valves. 
b. Crane Co.; Crane Valve Group; Jenkins Valves. 
c. Crane Co.; Crane Valve Group; Stockham Valves. 
d. Hammond Valve. 
e. McWane, Inc.; Kennedy Valve Div. 
f. Mueller Company; ASC Engineered Solutions. 
g. NIBCO. 
h. Tyco Fire Protection Products by Johnson Controls. 
i. Victaulic Co. of America. 
j. Watts Water Technologies, Inc.; Watts Regulator Co. 

F. Gate Valves: UL 262, OS&Y type. 

1. NPS 2 and Smaller: Bronze body with threaded ends. 

a. Manufacturers: 

1) Crane Co.; Crane Valve Group; Crane Valves. 
2) Hammond Valve. 
3) NIBCO. 

2. NPS 2-1/2 and Larger: Cast or ductile -iron body with flanged or grooved ends. 

a. Manufacturers: 

1) McWane, Inc.; Clow Valve Co. 
2) Crane Co.; Crane Valve Group; Crane Valves. 
3) Crane Co.; Crane Valve Group; Jenkins Valves. 
4) Hammond Valve. 
5) Milwaukee Valve Company. 
6) Mueller Company. 
7) NIBCO. 
8) Victaulic Co. of America: Series 771. 
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2.6 UNLISTED GENERAL-DUTY VALVES 

A. Ball Valves NPS 2 and Smaller: MSS SP-110, 2-piece copper-alloy body with chrome-
plated brass ball, 600-psig minimum CWP rating, blowout-proof stem, and threaded 
ends. 

B. Check Valves NPS 2 and Smaller: MSS SP-80, Type 4, Class 125 minimum, swing type 
with bronze body, nonmetallic disc, and threaded ends. 

C. Gate Valves NPS 2 and Smaller: MSS SP-80, Type 2, Class 125 minimum, with bronze 
body, solid wedge, and threaded ends. 

D. Globe Valves NPS 2 and Smaller: MSS SP-80, Type 2, Class 125 minimum, with bronze 
body, nonmetallic disc, and threaded ends. 

2.7 ALARM CHECK VALVES 

A. General Requirements: 

1. Standard: UL listed or FMG approved. 
2. Pressure Rating: 

a. Standard-Pressure Valves: 175 psig minimum. 
b. High-Pressure Valves: 300 psig. 

3. Body Material: Cast or ductile iron. 
4. Size: Same as connected piping. 
5. End Connections: Flanged or grooved. 

B. Manufacturers: 

1. Reliable Automatic Sprinkler Co., Inc. 
2. Tyco Fire Protection Products by Johnson Controls Company. 
3. Viking Corp.  
4. Victaulic Co. of America. 

C. Description: UL 193, designed for horizontal or vertical installation, with bronze 
grooved seat with O-ring seals, single-hinge pin, and latch design. Include trim sets for 
bypass, drain, electrical sprinkler alarm switch, pressure gages, and fill-line attachment 
with strainer. 

1. Drip Cup Assembly: Pipe drain without valves and separate from main drain 
piping. 

2. Drip Cup Assembly: Pipe drain with check valve to main drain piping. 

2.8 AUTOMATIC (BALL DRIP) DRAIN VALVES 

A. General: 

1. Standard: UL 1726. 
2. Pressure Rating: 175 psig minimum. 
3. Type: Automatic draining, ball check. 
4. Size: NPS 3/4. 
5. End Connections: Threaded. 
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B. Manufacturer: 

1. Reliable Automatic Sprinkler Co., Inc. 
2. Tyco Fire Protection Products by Johnson Controls Company. 

2.9 SPRINKLERS 

A. Sprinklers shall be UL listed or FMG approved, with 175-psig minimum pressure rating. 
Sprinklers shall have 300-psig pressure rating if sprinklers are components of high-
pressure piping system. 

B. Manufacturers: 

1. Reliable Automatic Sprinkler Co., Inc. 
2. Tyco Fire Protection Products by Johnson Controls Company. 
3. Victaulic Co. of America. 
4. Viking Corp. 

C. Automatic Sprinklers: 

1. With heat-responsive glass bulb element complying with the following: 

a. UL 199, for nonresidential applications. 
b. UL 1626, for residential applications. 
c. UL 1767, for early-suppression, fast-response applications. 

2. Open Sprinklers: UL 199, without heat-responsive element. 

a. Orifice: 1/2 inch, with discharge coefficient K between 5.3 and 5.8. 
b. Orifice: 17/32 inch, with discharge coefficient K between 7.4 and 8.2. 

D. Sprinkler Types and Categories: Nominal 1/2-inch orifice for 165 deg F "Ordinary" 
temperature classification rating, unless otherwise indicated or required by 
application. 

E. Sprinkler types, features, and options as follows: 

1. Concealed ceiling sprinklers, including cover plate. 
2. Extended-coverage sprinklers. 
3. Flush ceiling sprinklers, including escutcheon. 
4. Pendent sprinklers. 
5. Pendent, dry-type sprinklers. 
6. Quick-response sprinklers. 
7. Recessed sprinklers, including escutcheon. 
8. Concealed sidewall sprinklers, including cover plate. 
9. Upright sprinklers. 

F. Sprinkler Finishes: Chrome plated, bronze, and painted. 

G. Special Coatings: Wax, lead, and corrosion-resistant paint. 

H. Sprinkler Escutcheons: Materials, types, and finishes for the following sprinkler 
mounting applications. Escutcheons for concealed, flush, and recessed-type sprinklers 
are specified with sprinklers. Escutcheons listed, supplied, and approved for use with 
the sprinkler by the sprinkler manufacturer. 
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1. Ceiling Mounting: Chrome-plated steel, 2 piece, with 3/4-inch vertical 
adjustment. 

2. Sidewall Mounting: Chrome-plated steel, one piece, flat. 

I. Sprinkler Guards: Wire-cage type, including fastening device for attaching to sprinkler. 
Sprinkler guards listed, supplied, and approved for use with the sprinkler by the 
sprinkler manufacturer. 

2.10 HOSE CONNECTIONS 

A. Manufacturers: 

1. Elkhart Brass Mfg. Co., Inc. 
2. FPPI (Fire Protection Products, Inc.); ASC Engineered Solutions. 
3. Potter Roemer Fire Pro; A Member of Morris Group International. 

B. Description: UL 668, brass or bronze, 300-psig minimum pressure rating, hose valve 
for connecting fire hose. Include angle or gate pattern design; female NPS inlet and 
male hose outlet; and lugged cap, gasket, and chain. Include NPS 1-1/2 or NPS 2-1/2 as 
indicated, and hose valve threads according to NFPA 1963 and matching local fire 
department threads. 

1. Valve Operation: Nonadjustable type. 
2. Finish: Rough metal or chrome-plated 

2.11 FIRE DEPARTMENT CONNECTIONS 

A. Manufacturers: 

1. Elkhart Brass Mfg. Co., Inc. 
2. Potter Roemer Fire Pro; A Member of Morris Group International. 

B. Exposed, Freestanding-Type, Fire Department Connection: UL 405, 300-psig 
pressure rating; with corrosion-resistant-metal body, brass inlets with threads 
according to NFPA 1963 and matching local fire department sizes and threads, and 
bottom outlet with pipe threads. Include brass lugged caps, gaskets, and brass chains; 
brass lugged swivel connection and drop clapper for each hose-connection inlet; 18-
inch- high, brass sleeve; and round, floor, brass escutcheon plate with marking "AUTO 
SPKR & STANDPIPE." 

1. Finish Including Sleeve: Polished chrome-plated. 

2.12 ALARM DEVICES 

A. Alarm-device types shall match piping and equipment connections. 

B. Water-Motor-Operated Alarm: UL 753, mechanical-operation type with pelton-wheel 
operator with shaft length, bearings, and sleeve to suit wall construction and 10-inch- 
diameter, cast-aluminum alarm gong with red-enamel factory finish. Include NPS 3/4 
inlet and NPS 1 drain connections. 

1. Manufacturers: 

a. AFAC Inc. 
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b. Firematic Sprinkler Devices, Inc. 
c. Reliable Automatic Sprinkler Co., Inc. 
d. Tyco Fire Protection Products by Johnson Controls Company. 
e. Viking Corp. 

C. Electrically Operated Alarm: UL 464, with 6-inch- minimum- 10-inch diameter, 
vibrating-type, metal alarm bell with red-enamel factory finish and suitable for outdoor 
use. 

1. Manufacturers: 

a. Potter Electric Signal Company, LLC. 
b. System Sensor. 

D. Water-Flow Indicator: UL 346, electrical-supervision, paddle-operated-type, water-
flow detector with 250-psig pressure rating and designed for horizontal or vertical 
installation. Include two single-pole, double-throw circuit switches for isolated alarm 
and auxiliary contacts, 7 A, 125-V ac and 0.25 A, 24-V dc; complete with factory-set, 
field-adjustable retard element to prevent false signals and tamperproof cover that 
sends signal if removed. 

1. Manufacturers: 

a. Potter Electric Signal Company, LLC. 
b. System Sensor. 

E. Pressure Switch: UL 753, electrical-supervision-type, water-flow switch with retard 
feature. Include single-pole, double-throw, normally closed contacts and design that 
operates on rising pressure and signals water flow. 

1. Manufacturers: 

a. Potter Electric Signal Company, LLC. 
b. System Sensor. 

F. Valve Supervisory Switch: UL 753, electrical, single-pole, double-throw switch with 
normally closed contacts. Include design that signals controlled valve is in other than 
fully open position. 

1. Manufacturers: 

a. Potter Electric Signal Company, LLC. 
b. System Sensor. 

G. Indicator-Post Supervisory Switch: UL 753, electrical, single-pole, double-throw switch 
with normally closed contacts. Include design that signals controlled indicator-post 
valve is in other than fully open position. 

1. Manufacturers: 

a. Potter Electric Signal Company, LLC. 
b. System Sensor. 

2.13 PRESSURE GAGES 

A. Manufacturers: 
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1. AMETEK, Inc.; U.S. Gauge. 
2. Ashcroft Inc. 
3. Marsh Bellofram. 
4. Viking Corp. 
5. Weiss Instruments, Inc. 

B. Description: UL 393, 3-1/2- to 4-1/2-inch- diameter, dial pressure gage with range of 0 
to 250 psig minimum . 

1. Water System Piping: Include caption "WATER" or "AIR/WATER" on dial face. 
2. Air System Piping: Include caption "AIR" or "AIR/WATER" on dial face. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Perform fire-hydrant flow test according to NFPA 13 and NFPA 291. Use results for 
system design calculations required in Part 1 "Quality Assurance" Article. 

B. Report test results promptly and in writing. 

3.2 EARTHWORK 

A. Refer to Division 31 Section "Earthwork" for excavating, trenching, and backfilling. 

3.3 EXAMINATION 

A. Examine roughing-in for hose connections and stations to verify actual locations of 
piping connections before installation. 

B. Examine walls and partitions for suitable thicknesses, fire- and smoke-rated 
construction, framing for hose-station cabinets, and other conditions where hose 
connections and stations are to be installed. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.4 PIPING APPLICATIONS, GENERAL 

A. Flanges, flanged fittings, unions, nipples, grooved-joint couplings, and transition and 
special fittings with finish and pressure ratings same as or higher than system's 
pressure rating may be used in aboveground applications, unless otherwise indicated. 

B. Piping between Fire Department Connections and Check Valves: Galvanized, 
standard-weight steel pipe with threaded ends; cast- or malleable-iron threaded 
fittings; and threaded joints; or grooved ends; grooved-end fittings; grooved-end-pipe 
couplings; and grooved joints. 

C. Underground Service-Entrance Piping: Ductile-iron, push-on or mechanical-joint pipe 
and fittings and restrained joints. 
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3.5 SPRINKLER RISER AND STANDPIPE SYSTEM PIPING APPLICATIONS 

A. Sprinkler Risers and Standpipes: Use the following: 

Pipe Type 4” & Smaller 5” & 6” 8” - 12” 

Standard weight steel, threaded fittings YES YES NO 

Standard weight steel, grooved fittings YES YES YES 

Standard weight steel, welded fittings YES YES YES 

3.6 SPRINKLER SYSTEM PIPING APPLICATIONS 

A. Wet-Pipe Sprinklers: Use the following: 

Pipe Type 1 ½” & Smaller 2” 2 ½” – 3 ½” 4” 5” – 6” 

Standard weight steel, threaded fittings YES YES YES YES NO 

Standard weight steel, grooved fittings NO NO YES YES YES 

Standard weight steel, welded fittings NO YES YES YES YES 

3.7 VALVE APPLICATIONS 

A. The following requirements apply: 

1. Listed Fire-Protection Valves: UL listed or FMG approved for applications where 
required by NFPA 13. 

a. Shutoff Duty: Use ball, butterfly, or gate valves. 

2. Unlisted General-Duty Valves: For applications where UL-listed and FMG-
approved valves are not required by NFPA 13. 

a. Shutoff Duty: Use ball, butterfly, or gate valves. 
b. Throttling Duty: Use ball or globe valves. 

3.8 JOINT CONSTRUCTION 

A. Refer to Division 20 Section "Basic Mechanical Materials and Methods" for basic piping 
joint construction. 

B. Threaded Joints: Comply with NFPA 13 for pipe thickness and threads. Do not thread 
pipe smaller than NPS 8 with wall thickness less than Schedule 40 unless approved by 
authorities having jurisdiction and threads are checked by a ring gage and comply with 
ASME B1.20.1. 

C. Welded Joints: Construct joints according to AWS D10.12M/D10.12, using qualified 
processes and welding operators according to "Quality Assurance" Article. 

1. Shop weld pipe joints where welded piping is indicated. Do not use welded joints 
for galvanized-steel pipe. 
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D. Use of saddle style tees is not acceptable. 

E. Grooved Joints: Assemble joints with listed coupling and gasket, lubricant, and bolts. 

1. All grooved couplings, fittings, gaskets, valves, and specialties shall be the 
product of a single manufacturer. 

2. Steel Pipe: Square-cut or roll-groove piping as indicated. Use grooved-end 
fittings and rigid, grooved-end-pipe couplings, unless otherwise indicated. 

F. Dissimilar-Metal Piping Joints: Construct joints using dielectric fittings compatible with 
both piping materials.  Refer to Division 20 Section “Basic Mechanical Materials and 
Methods” for additional requirements. 

3.9 SERVICE-ENTRANCE PIPING 

A. Connect fire-suppression piping to water-service piping of size and in location 
indicated for service entrance to building. Refer to Division 33 Section "Water 
Distribution" for exterior piping. 

B. Install shutoff valve, backflow preventer, pressure gage, drain, and other accessories 
indicated at connection to water-service piping. 

C. Install shutoff valve, check valve, pressure gage, and drain at connection to water 
service. 

3.10 WATER-SUPPLY CONNECTION 

A. Connect fire-suppression piping to building's interior water distribution piping. 

B. Install shutoff valve, backflow prevention device, pressure gage, drain, and other 
accessories indicated at connection to water distribution piping. 

C. Install shutoff valve, check valve, pressure gage, and drain at connection to water 
supply. 

3.11 PIPING INSTALLATION 

A. Refer to Division 20 Section "Basic Mechanical Materials and Methods" for basic piping 
installation. 

B. Install underground ductile-iron service-entrance piping according to NFPA 24 and 
with restrained joints. 

C. Use approved fittings to make changes in direction, branch takeoffs from mains, and 
reductions in pipe sizes. 

D. Install unions adjacent to each valve in pipes NPS 2 and smaller. Unions are not 
required on flanged devices or in piping installations using grooved joints. 

E. Install flanges or flange adapters on valves, apparatus, and equipment having NPS 2-
1/2 and larger connections. 

F. Install "Inspector's Test Connections" in sprinkler system piping, complete with shutoff 
valve, sized and located according to NFPA 13. 
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G. Install sprinkler piping with drains for complete system drainage. 

H. Install sprinkler zone control valves, test assemblies, and drain risers adjacent to 
standpipes when sprinkler piping is connected to standpipes. 

I. Install drain valves on standpipes. 

J. Install ball drip valves to drain piping between fire department connections and check 
valves. Drain to floor drain or outside building. 

K. Install alarm devices in piping systems. 

L. Hangers and Supports: Comply with NFPA 13 for hanger materials. 

1. Install standpipe system piping according to NFPA 14. 
2. Install sprinkler system piping according to NFPA 13, except use of “C” clamps, 

or beam clamps of “C” pattern, or any modification thereof, is prohibited for 
supporting pipes larger than NPS 2-1/2. 

3. Refer to Division 20 Section “Hangers and Supports” for additional requirements. 

M. Install pressure gages on riser or feed main, at each sprinkler test connection, and at 
top of each standpipe. Include pressure gages with connection not less than NPS 1/4 
and with soft metal seated globe valve, arranged for draining pipe between gage and 
valve. Install gages to permit removal, and install where they will not be subject to 
freezing. 

N. Fill wet-standpipe system piping with water. 

O. Fill wet-pipe sprinkler system piping with water. 

P. Install cover system, brackets, and cover components for sprinkler piping according 
to manufacturer's "Installation Manual" and with NFPA 13 or NFPA 13R for supports. 

3.12 VALVE INSTALLATION 

A. Install listed fire-protection valves, unlisted general-duty valves, specialty valves and 
trim, controls, and specialties according to NFPA 13 and authorities having jurisdiction. 

B. Install listed fire-protection shutoff valves supervised-open, located to control sources 
of water supply except from fire department connections. Install permanent 
identification signs indicating portion of system controlled by each valve. 

C. Valves for Wall-Type Fire Hydrants: Install nonrising-stem gate valve in water-supply 
pipe. 

D. Install check valve in each water-supply connection. Install backflow preventers 
instead of check valves in potable-water supply sources. 

E. Specialty Valves: 

1. Alarm Check Valves: Install in vertical position for proper direction of flow, 
including bypass check valve and retarding chamber drain-line connection. 

2. Dry-Pipe Valves: Install trim sets for air supply, drain, priming level, alarm 
connections, ball drip valves, pressure gages, priming chamber attachment, and 
fill-line attachment. 
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a. Air-Pressure Maintenance Devices for Dry-Pipe Systems: Install shutoff 
valves to permit servicing without shutting down sprinkler system; bypass 
valve for quick system filling; pressure regulator or switch to maintain 
system pressure; strainer; pressure ratings with 14- to 60-psig adjustable 
range; and 175-psig maximum inlet pressure. 

b. Install air compressor and compressed-air supply piping. 

3.13 SPRINKLER APPLICATIONS 

A. Use the following sprinkler types: 

1. Rooms without Ceilings: Upright sprinklers. 
2. Rooms with Suspended Ceilings: Concealed sprinklers. 
3. Wall Mounting: Sidewall sprinklers. 
4. Sprinkler Finishes: 

a. Upright, Pendent, and Sidewall Sprinklers: Chrome plated in finished 
spaces exposed to view; rough bronze in unfinished spaces not exposed 
to view; wax coated where exposed to acids, chemicals, or other corrosive 
fumes; white polyester finish in natatoriums. 

b. Concealed Sprinklers: Rough brass, with factory-painted white cover plate. 
c. Flush Sprinklers: Bright chrome, with painted white escutcheon. 
d. Recessed Sprinklers: Bright chrome, with bright chrome escutcheon. 

5. Sprinkler Guards: For exposed sprinkler heads subject to damage. 

3.14 SPRINKLER INSTALLATION 

A. Install sprinklers in suspended ceilings in center of acoustical ceiling panels and tiles. 

3.15 HOSE-CONNECTION INSTALLATION 

A. Install hose connections adjacent to standpipes, unless otherwise indicated. 

B. Install freestanding hose connections for access and minimum passage restriction. 

C. Install NPS 1-1/2 hose-connection valves with flow-restricting device, unless otherwise 
indicated. 

D. Install NPS 2-1/2 hose connections with quick-disconnect NPS 2-1/2 by NPS 1-1/2 
reducer adapter and flow-restricting device, unless otherwise indicated. 

E. Install wall-mounting-type hose connections in cabinets. Include pipe escutcheons, 
with finish matching valves, inside cabinet where water-supply piping penetrates 
cabinet. Install valves at angle required for connection of fire hose. Refer to Division 10 
Section "Fire-Protection Specialties" for cabinets. 

3.16 FIRE DEPARTMENT CONNECTION INSTALLATION 

A. Install wall-type, fire department connections in vertical wall. 

B. Install ball drip valve at each check valve for fire department connection. 
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3.17 CONNECTIONS 

A. Install piping adjacent to equipment to allow service and maintenance. 

B. Connect water-supply piping to fire-suppression piping. Include backflow preventer 
between potable-water piping and fire-suppression piping. Refer to Division 22 
Section "Domestic Water Piping Specialties" for backflow preventers. 

C. Install ball drip valves at each check valve for fire department connection. Drain to 
floor drain or outside building. 

D. Connect piping to specialty valves, hose valves, specialties, fire department 
connections, and accessories. 

E. Connect excess-pressure pumps to the following piping and wiring: 

1. Sprinkler system, hydraulically. 
2. Pressure gages and controls, hydraulically. 
3. Electrical power system. 
4. Alarm device accessories for pump. 
5. Fire alarm. 

F. Connect compressed-air supply to dry-pipe sprinkler piping. 

G. Connect air compressor to the following piping and wiring: 

1. Pressure gages and controls. 
2. Electrical power system. 
3. Fire alarm devices, including low-pressure alarm. 

H. Electrical Connections: Power wiring and fire alarm wiring are specified in Division 26. 

I. Connect alarm devices to fire alarm. 

J. Ground equipment according to Division 26 Section "Grounding and Bonding." 

K. Connect wiring according to Division 26 Section "Conductors and Cables." 

L. Tighten electrical connectors and terminals according to manufacturer's published 
torque-tightening values. If manufacturer's torque values are not indicated, use those 
specified in UL 486A and UL 486B. 

3.18 LABELING AND IDENTIFICATION 

A. Install labeling and pipe markers on equipment and piping according to requirements 
in NFPA 13 and in Division 20 Section "Mechanical Identification." 

3.19 FIELD QUALITY CONTROL 

A. Perform the following field tests and inspections and prepare test reports: 

1. Leak Test: After installation, charge system and test for leaks. Repair leaks and 
retest until no leaks exist. 

2. Test and adjust controls and safeties. Replace damaged and malfunctioning 
controls and equipment. 
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3. Flush, test, and inspect sprinkler systems according to NFPA 13, "Systems 
Acceptance" Chapter. 

4. Flush, test, and inspect standpipe systems according to NFPA 14, "System 
Acceptance" Chapter. 

5. Verify that equipment hose threads are same as local fire department 
equipment. 

6. Test each backflow prevention device according to authorities having 
jurisdiction and the device's reference standard. 

B. Verify that specialty valves, trim, fittings, controls, and accessories are installed and 
operate correctly. 

C. Verify that specified tests of piping are complete. 

D. Verify that damaged sprinklers and sprinklers with paint or coating not specified are 
replaced with new, correct type. 

E. Verify that sprinklers are correct types, have correct finishes and temperature ratings, 
and have guards as required for each application. 

F. Verify that potable-water supplies have correct types of backflow preventers. 

G. Coordinate with fire alarm tests. Operate as required. 

H. Coordinate with fire-pump tests. Operate as required. 

I. Report test results promptly and in writing to Architect and authorities having 
jurisdiction. 

3.20 CLEANING AND PROTECTION 

A. Clean dirt and debris from sprinklers. 

B. Remove and replace sprinklers with paint other than factory finish. 

C. Protect sprinklers from damage until Substantial Completion. 

3.21 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain specialty valves. 

END OF SECTION 211100 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section "Mechanical Identification" for valve tags and charts. 
2. Division 21 Fire-Suppression Piping and Fire Pump Sections for fire-protection 

valves. 
3. Division 22 Piping Sections for specialty valves applicable to those Sections only. 
4. Division 23 Section “General-Duty Valves for HVAC” for HVAC. 
5. Division 23 Section "Temperature Controls" for control valves and actuators. 

1.2 SUMMARY 

A. This Section includes valves for general plumbing applications. Refer to piping 
Sections for specialty valve applications. 

1.3 DEFINITIONS 

A. The following are standard abbreviations for valves: 
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1. CWP: Cold working pressure. 
2. EPDM: Ethylene-propylene-diene terpolymer rubber. 
3. NBR: Acrylonitrile-butadiene rubber. 
4. NRS: Nonrising stem. 
5. OS&Y: Outside screw and yoke. 
6. PTFE: Polytetrafluoroethylene plastic. 
7. RPTFE: Reinforced polytetrafluoroethylene plastic. 
8. SWP: Steam working pressure. 
9. TFE: Tetrafluoroethylene plastic. 
10. WOG: Water, oil, and gas. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of valve indicated. Include body, seating, and trim 
materials; valve design; pressure and temperature classifications; end connections; 
arrangement; dimensions; and required clearances. Include list indicating valve and its 
application. Include rated capacities; shipping, installed, and operating weights; 
furnished specialties; and accessories. 

1. Certification that products for use in potable water systems comply with 
NSF 61 and NSF 372. 

1.5 QUALITY ASSURANCE 

A. ASME Compliance for Ferrous Valves: ASME B16.10 and ASME B16.34 for dimension 
and design criteria. 

B. Regulatory Requirements: Comply with requirements in Public Law 111-380, 
"Reduction of Lead in Drinking Water Act," about lead content in materials that will be 
in contact with potable water for human consumption. 

C. NSF Compliance: NSF 61 and NSF 372 for valve materials for potable-water service. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Prepare valves for shipping as follows: 

1. Protect internal parts against rust and corrosion. 
2. Protect threads, flange faces, grooves, and weld ends. 
3. Set angle, gate, and globe valves closed to prevent rattling. 
4. Set ball and plug valves open to minimize exposure of functional surfaces. 
5. Set butterfly valves closed or slightly open. 
6. Block check valves in either closed or open position. 

B. Use the following precautions during storage: 

1. Maintain valve end protection. 
2. Store valves indoors and maintain at higher than ambient dew-point 

temperature. If outdoor storage is necessary, store valves off the ground in 
watertight enclosures. 

C. Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not 
use handwheels or stems as lifting or rigging points. 
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PART 2 - PRODUCTS 

2.1 VALVES, GENERAL 

A. Isolation valves are scheduled on the Drawings. For other general plumbing valve 
applications, use the following: 

1. Shutoff Service: Ball, butterfly valves. 
2. Throttling Service: Angle, ball, butterfly, or globe valves. 
3. Pump Discharge: Spring-loaded, lift-disc check valves; and bronze lift check 

valves. 

B. Valve Pressure and Temperature Ratings: Not less than indicated and as required for 
system pressures and temperatures. 

C. If valves with specified SWP classes or CWP ratings are not available, the same types 
of valves with higher SWP class or CWP ratings may be substituted. 

D. For valves not indicated in the Application Schedules, select valves with the following 
end connections: 

1. For Copper Tubing, NPS 2 and Smaller: Solder-joint or threaded ends, except 
provide valves with threaded ends for condenser water, heating hot water, 
steam, and steam condensate services. 

2. For Copper Tubing, NPS 2-1/2 to NPS 4: Flanged, solder-joint, or threaded ends. 
3. For Copper Tubing, NPS 5 and Larger: Flanged ends. 
4. For Steel Piping, NPS 2 and Smaller: Threaded ends. 
5. For Steel Piping, NPS 2-1/2 to NPS 4: Flanged ends. 
6. For Steel Piping, NPS 5 and Larger: Flanged ends. 
7. For Grooved-End Systems: Valve ends may be grooved. 

E. Bronze valves shall be made with dezincification-resistant materials. Bronze valves 
made with copper alloy (brass) containing more than 15 percent zinc are not permitted 
unless otherwise noted. 

F. Wetted surfaces of valves contacted by consumable water shall contain not more than 
0.25 percent weighted average lead content. 

1. Exceptions: 

a. Valves in pumped sanitary systems. 
b. Valves in pumped storm systems. 
c. Drain valves. 
d. Valves in general air or vacuum systems. 
e. Valves in irrigation systems. 
f. Valves in non-potable water systems. 
g. Valves in other plumbing systems not intended for human consumption. 

G. Valve Sizes: Same as upstream pipe, unless otherwise indicated. 

H. Valve Actuators: 

1. Chainwheel: For attachment to valves, of size and mounting height, as indicated 
in the "Valve Installation" Article in Part 3. 

2. Gear Drive Operator: For quarter-turn valves NPS 8 and larger. 
3. Handwheel: For valves other than quarter-turn types. 
4. Lever Handle: For quarter-turn valves NPS 6 and smaller. 
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I. Extended Valve Stems: On insulated valves. 

J. Valve Flanges: ASME B16.1 for cast-iron valves, ASME B16.5 for steel valves, and 
ASME B16.24 for bronze valves. 

K. Threaded: With threads according to ASME B1.20.1. 

L. Valve Bypass and Drain Connections: MSS SP-45. 

2.2 BRONZE BALL VALVES 

A. Bronze Ball Valves, General: MSS SP-110 and have bronze body complying with 
ASTM B 584, except for Class 250 which shall comply with ASTM B 61, full-depth 
ASME B1.20.1 threaded or solder ends, and blowout-proof stems. 

B. Two-Piece, Full-Port, Bronze Ball Valves with Stainless-Steel Trim: Type 316 stainless-
steel ball and stem, reinforced TFE seats, blow-out-proof stem, with adjustable stem 
packing, soldered or threaded ends; 150 psig SWP and 600-psig CWP ratings. 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; by Conbraco Industries, Inc.; Series 77CLF-A Series. 
b. Hammond Valve. 
c. Kitz Corporation; Kitz Valves. 
d. Milwaukee Valve Company; UPBA400S/450S. 
e. NIBCO INC.; Models S-585-70-66-LF/T-585-70-66-LF. 
f. Watts Water Technologies, Inc.; Series LFB6080G2/LFB6081G2. 

2.3 GENERAL SERVICE BUTTERFLY VALVES 

A. General: MSS SP-67, for bubble-tight shutoff, extended-neck for insulation, disc and 
lining suitable for potable water, unless otherwise indicated, and with the following 
features: 

1. Full lug, and grooved valves shall be suitable for bi-directional dead end service 
at full rated pressure without the use or need of a downstream flange. 

2. Valve sizes NPS 2 through NPS 6 shall have lever lock operator; valve sizes NPS 
8 and larger shall have weatherproof gear operator. 

B. Lug-Style (Single-Flange) Size NPS 2-1/2 through NPS 12, 200-psig CWP Rating, 
Aluminum-Bronze Disc, EPDM Seat, Ferrous-Alloy Butterfly Valves: Full-lug type with 
ductile-iron body, Type 416 stainless-steel stem, copper bushing, aluminum-bronze 
disc, and molded-in EPDM seat (liner). 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; by Conbraco Industries, Inc.; Series 143 and Series LD145. 
b. Bray International, Inc. 
c. DeZurik. 
d. Emerson Automation Solutions; Keystone. 
e. Forum Energy Technologies; ABZ Valve. 
f. Hammond Valve. 
g. Milwaukee Valve Company. 
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h. NIBCO INC.; LD-2000-3/5. 
i. Tyco Flow Control; Grinnell Flow Control. 
j. Watts Water Technologies. 

2.4 BRONZE CHECK VALVES 

A. Bronze Check Valves, General: MSS SP-80. 

B. Class 125, Bronze, Swing Check Valves with Bronze Disc: ASTM B-62 bronze body and 
seat with regrinding-type bronze disc, Y-pattern design, soldered or threaded end 
connections, and having 200 psig CWP rating. 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; by Conbraco Industries, Inc.; Model 162T-LF and 163T-LF 
(61YLF Series). 

b. Milwaukee Valve Company; Model UP509/UP1509. 
c. NIBCO INC.; Models S-413-B-LF or T-413-B-LF. 
d. Watts Water Technologies; LFCVY/LFCVYS. 

2.5 IRON SWING CHECK VALVES 

A. Iron Swing Check Valves, General: MSS SP-71. 

B. Class 125, Gray-Iron, Standard Swing Check Valves: ASTM A-126, Class B cast-iron 
body and bolted bonnet with flanged end connections; non-asbestos synthetic-fiber 
gaskets; bronze disc and seat; and having 200 psig CWP rating. 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; by Conbraco Industries, Inc.; Model 910F. 
b. Crane Co.; Crane Valves. 
c. Crane Co.; Stockham Div. 
d. Hammond Valve; IR1124-HI. 
e. Milwaukee Valve Company; Model F-2974. 
f. NIBCO INC.; Model F-918-B. 
g. Watts Water Technologies. 

2.6 LIFT CHECK VALVES 

A. Class 125, Lift Check Valves with Nonmetallic Disc: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; by Conbraco Industries, Inc.; Model CBV-LF (61LF Series). 
b. Bonomi USA, Inc.; Series 100002 and 100003. 
c. Hammond Valve; UP943 and UP947. 
d. Milwaukee Valve Company; UP548T and UP1548T. 
e. NIBCO INC.; Model S-480-Y-LF and T-480-Y-LF. 
f. Watts Water Technologies; LF600. 
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2. Description: 

a. Standard: MSS SP-80, Type 2. 
b. CWP Rating: 250 psig. 
c. Body Design: Vertical flow. 
d. Body Material: Lead free brass or bronze. 
e. Ends:  Threaded or Solder. 
f. Disc:  PTFE, TFE, or Polyethermide. 

2.7 SPRING-LOADED, CENTER-GUIDED LIFT-DISC (SILENT) CHECK VALVES 

A. Lift-Disc Check Valves, General: FCI 74-1 and MIL-V-18436F, with spring-loaded, 
center-guided bronze disc and seat. 

B. Class 125, Wafer, Lift-Disc Check Valves: Wafer style with cast-iron body with diameter 
made to fit within bolt circle, and having 200 psig CWP rating. 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. NIBCO INC.; Model W-910-B-LF. 
b. Mueller Steam Specialty. 
c. Milwaukee Valve Company. 
d. Hammond Valve. 

C. Class 125, Globe, Flanged Lift-Disc Check Valves: Globe style with cast-iron body and 
flanged ends and having 200 psig CWP rating. 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. NIBCO INC.; Model F-910-B-LF. 
b. Mueller Steam Specialty. 
c. Milwaukee Valve Company. 
d. Hammond Valve. 

2.8 BRONZE GLOBE VALVES 

A. Bronze Globe Valves, General: MSS SP-80, with malleable-iron handwheel. 

B. Class 125, TFE Disc, Bronze Globe Valves: ASTM B-62 bronze body, bonnet, and seat, 
TFE disc, copper-silicone bronze stem, union-ring bonnet, soldered or threaded end 
connections; and having 200 psig CWP rating. 

1. Manufacturers: Subject to compliance with requirements, Provide products by 
one of the following: 

a. Apollo Valves; by Conbraco Industries, Inc.; Model 121T-LF. 
b. Hammond Valve; UP418 and UP440. 
c. Milwaukee Valve Company; Model UP502 and UP1502. 
d. Watts Water Technologies, Inc.; LFGLV. 
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2.9 DRAIN VALVES 

A. Ball-Valve-Type, Hose-End Drain Valves: 

1. Bronze ball valve as specified in this Section. Lead free construction is not 
required. 

2. Outlet: Threaded, short nipple with garden-hose thread complying with 
ASME B1.20.7 and cap with brass chain. 

2.10 CHAINWHEEL ACTUATORS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. Babbitt Steam Specialty Co. 
2. Roto Hammer Industries, Inc. 

B. Description: Valve actuation assembly with sprocket rim, brackets, and chain. 

C. Identification: Factory label or color coding to identify lead free valves. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine piping system for compliance with requirements for installation tolerances 
and other conditions affecting performance. 

1. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

B. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. 
Remove special packing materials, such as blocks, used to prevent disc movement 
during shipping and handling. 

C. Operate valves in positions from fully open to fully closed. Examine guides and seats 
made accessible by such operations. 

D. Examine threads on valve and mating pipe for form and cleanliness. 

E. Examine mating flange faces for conditions that might cause leakage. Check bolting 
for proper size, length, and material. Verify that gasket is of proper size, that its 
material composition is suitable for service, and that it is free from defects and 
damage. 

F. Do not attempt to repair defective valves; replace with new valves. 

3.2 VALVE INSTALLATION 

A. Piping installation requirements are specified in other Division 20 and 22 Sections. 
Drawings indicate general arrangement of piping, fittings, and specialties. 
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B. Install valves with unions or flanges at each piece of equipment arranged to allow 
service, maintenance, and equipment removal without system shutdown. 

C. Locate valves for easy access and provide separate support where necessary. 

D. Install valves in horizontal piping with stem at or above center of pipe. Butterfly valves 
shall be installed with stem horizontal to allow support for the disc and the cleaning 
action of the disc. 

E. Install valves in position to allow full stem movement. 

F. Install check valves for proper direction of flow and as follows: 

1. Swing Check Valves: In horizontal position with hinge pin level. 
2. Lift Check Valves: With stem upright and plumb. 

3.3 JOINT CONSTRUCTION 

A. Refer to Division 20 Section "Basic Mechanical Materials and Methods" for basic piping 
joint construction. 

3.4 ADJUSTING 

A. Adjust or replace valve packing after piping systems have been tested and put into 
service but before final adjusting and balancing. Replace valves if persistent leaking 
occurs. 

END OF SECTION 220523 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods” for materials and 

methods common to mechanical piping systems. 
3. Division 20 Section “Hangers and Supports.” 
4. Division 20 Section "Meters and Gages" for thermometers, pressure gages, and 

fittings. 
5. Division 22 Section “General-Duty Valves for Plumbing.” 
6. Division 22 Section "Domestic Water Piping Specialties" for water distribution 

piping specialties. 

1.2 SUMMARY 

A. This Section includes domestic water piping and water meters inside the building. 
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B. Water meters will be furnished by utility company for installation by Contractor. 

1.3 PERFORMANCE REQUIREMENTS 

A. Where not indicated on the Drawings, provide components and installation capable of 
producing domestic water piping systems with 125 psig, unless otherwise indicated. 

1. Exception: PEX plastic piping insert fittings specified are limited to 100 psig. 

1.4 SYSTEMS DESCRIPTION 

A. Potable and non-potable domestic water piping system materials are scheduled on 
the Drawing. 

B. Under-Building-Slab, Water-Service Piping on Service Side of Water Meter: Refer to 
Division 22 Section “Facility Water Distribution.” 

C. Refer to Application Schedules on the Drawings for valve types to be used. Where 
specific valve types are not indicated, the following requirements apply: 

1. Hot-Water-Piping, Balancing Duty: Calibrated balancing valves. 
2. Drain Duty: Hose-end drain valves. 
3. Isolation Valves at Domestic Water Meters: Gate Valves, NPS 2 and Smaller: Class 

150, bronze. 
4. Isolation Valves at Domestic Water Meters: Gate Valves, NPS 2-1/2 and Larger: 

Class 125, OS&Y, bronze-mounted cast iron. 

D. Transition and special fittings with pressure ratings at least equal to piping rating may 
be used unless otherwise indicated. 

1.5 ACTION SUBMITTALS 

A. Product Data: For pipe, tube, fittings, and couplings and water meters. 

1.6 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: For piping in equipment rooms and other congested areas, 
drawn to scale, on which the following items are shown and coordinated with each 
other, using input from Installers of the items involved: 

1. Fire-suppression-water piping. 
2. Domestic water piping. 
3. HVAC hydronic piping. 

1.7 CLOSEOUT SUBMITTALS 

A. Field quality-control test reports. 

B. Water Samples:  Specified in Part 3 "Cleaning" Article. 
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1.8 QUALITY ASSURANCE 

A. Piping materials shall bear label, stamp, or other markings of specified testing agency. 

B. Regulatory Requirements: Comply with requirements in Public Law 111-380, 
"Reduction of Lead in Drinking Water Act," about lead content in materials that will be 
in contact with potable water for human consumption. 

C. Comply with NSF 61, "Drinking Water System Components - Health Effects; Sections 1 
through 9," and NSF 372 Drinking Water System Components – Lead Content for 
potable domestic water piping and components. 

1.9 PROJECT CONDITIONS 

A. Interruption of Existing Water Service: Do not interrupt water service to facilities 
occupied by Owner or others unless permitted under the following conditions and then 
only after arranging to provide temporary water service according to requirements 
indicated: 

1. Notify Construction Manager no fewer than two days in advance of proposed 
interruption of water service. 

2. Do not proceed with interruption of water service without Construction 
Manager's written permission. 

1.10 COORDINATION 

A. Coordinate sizes and locations of concrete bases with actual equipment provided. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 PIPING MATERIALS 

A. Transition Couplings for Aboveground Pressure Piping: Coupling or other 
manufactured fitting the same size as, with pressure rating at least equal to and ends 
compatible with, piping to be joined. 

2.3 COPPER TUBE AND FITTINGS 

A. Soft Copper Tube: ASTM B 88, Type K, water tube, annealed temper. 

1. Copper Pressure Fittings: ASME B16.18, cast-copper-alloy or ASME B16.22, 
wrought-copper, solder-joint fittings. Furnish wrought-copper fittings if 
indicated. 
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2. Bronze Flanges: ASME B16.24, Class 150, with solder-joint ends. Furnish 
Class 300 flanges if required to match piping. 

3. Copper Unions: MSS SP-123, cast-copper-alloy, hexagonal-stock body, with ball-
and-socket, metal-to-metal seating surfaces, and solder-joint or threaded ends. 

B. Hard Copper Tube: ASTM B 88, Type L, water tube, drawn temper. 

1. Copper Pressure Fittings: ASME B16.18, cast-copper-alloy or ASME B16.22, 
wrought- copper, solder-joint fittings. Furnish wrought-copper fittings if 
indicated. 

2. Bronze Flanges: ASME B16.24, Class 150, with solder-joint ends. Furnish 
Class 300 flanges if required to match piping. 

3. Copper Unions: MSS SP-123, cast-copper-alloy, hexagonal-stock body, with ball-
and-socket, metal-to-metal seating surfaces, and solder-joint or threaded ends. 

2.4 VALVES 

A. General-duty plumbing valves; and drain valves are specified in Division 22 Section 
"Plumbing Valves." 

B. Balancing valves are specified in Division 22 Section "Domestic Water Piping 
Specialties." 

2.5 WATER METERS 

A. Refer to Division 20 Section “Mechanical General Requirements.” 

B. Displacement-Type Water Meters NPS 2 and Smaller: AWWA C700, nutating-disc 
totalization meter with bronze case and 150-psig minimum working-pressure rating; 
with registration in gallons or cubic feet as required by utility; and with threaded end 
connections. 

1. Manufacturers: 

a. AALIANT; a Venture Measurement Product Line; Niagara. 
b. Badger Meter, Inc. 
c. Sensus Metering Systems Inc. 

C. Turbine-Type Water Meters: AWWA C701, totalization meter with 150-psig minimum 
working-pressure rating; with registration in gallons or cubic feet as required by utility; 
and with the following end connections: 

1. NPS 2 and Smaller: Threaded. 
2. NPS 2-1/2 and Larger: Flanged. 
3. Manufacturers: 

a. AALIANT; a Venture Measurement Product Line; Niagara. 
b. Badger Meter, Inc. 
c. Sensus Metering Systems Inc. 

D. Compound-Type Water Meters NPS 3 and Larger: AWWA C702, totalization meter 
with integral main-line and bypass meters, bronze case, and 150-psig minimum 
working-pressure rating; with registration in gallons or cubic feet as required by utility; 
and with flanged end connections. 
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1. Manufacturers: 

a. Badger Meter, Inc. 
b. Sensus Metering Systems Inc. 
c. Kent/AMCO. 

PART 3 - EXECUTION 

3.1 EXCAVATION 

A. Excavating, trenching, and backfilling are specified in Division 31 Section "Earthwork." 

3.2 PIPING SYSTEM INSTALLATION 

A. Basic piping installation requirements are specified in Division 20 Section "Basic 
Mechanical Materials and Methods." 

B. Install under-building-slab copper tubing according to Copper Development 
Association’s "Copper Tube Handbook." Joints under slab are not allowed. Install PVC 
sleeve where piping penetrates slab. 

C. Install sleeve with water stop and mechanical sleeve seal at each service pipe 
penetration through foundation wall. Select number of interlocking rubber links 
required to make installation watertight. Sleeves and mechanical sleeve seals are 
specified in Division 20 Section "Basic Mechanical Materials and Methods." 

D. Install wall penetration system at each service pipe penetration through foundation 
wall. Make installation watertight. Wall penetration systems are specified in Division 
20 Section "Basic Mechanical Materials and Methods." 

E. Install shutoff valve, hose-end drain valve, strainer, pressure gage, and test tee with 
valve, inside the building at each domestic water service entrance. Pressure gages are 
specified in Division 20 Section "Meters and Gages," and strainers are specified in 
Division 22 Section "Domestic Water Piping Specialties." 

F. Install shutoff valve close to water main on each branch and riser serving plumbing 
fixtures or equipment, on each water supply to equipment, and on each water supply 
to plumbing fixtures that do not have supply stops. 

G. Install drain valves for equipment at base of each water riser, at low points in horizontal 
piping, and where required to drain water piping. 

1. Install hose-end drain valves at low points in water mains, risers, and branches. 
2. Install stop-and-waste drain valves where indicated. 

H. Install calibrated balancing valves in each hot-water circulation return branch and 
discharge side of each pump and circulator. Set calibrated balancing valves partly 
open to restrict but not stop flow. Calibrated balancing valves are specified in Division 
22 Section "Domestic Water Piping Specialties." 

I. Install domestic water piping level without pitch and plumb. 
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3.3 JOINT CONSTRUCTION 

A. Basic piping joint construction requirements are specified in Division 20 Section "Basic 
Mechanical Materials and Methods." 

B. Water meters will be furnished and installed by utility company. 

C. Rough-in domestic water piping for water meter installation and install water meters 
according to utility company's requirements. 

D. Install water meters according to AWWA M6 and utility's requirements. 

1. Install displacement-type water meters with shutoff valve on water-meter inlet. 
Install valve on water-meter outlet and valved bypass around meter unless 
prohibited by authorities having jurisdiction. 

2. Install turbine-type water meters with shutoff valve on water-meter inlet. Install 
valve on water-meter outlet and valved bypass around meter unless prohibited 
by authorities having jurisdiction. 

3. Install compound-type water meters with shutoff valves on water-meter inlet 
and outlet and on valved bypass around meter. Support meters, valves, and 
piping on brick or concrete piers. 

4. Install fire-service water meters with shutoff valves on water-meter inlet and 
outlet and on full-size valved bypass around meter. Support meter, valves, and 
piping on brick or concrete piers. 

5. Install remote registration system according to standards of utility and of 
authorities having jurisdiction. 

3.4 HANGER AND SUPPORT INSTALLATION 

A. Pipe hanger and support devices are specified in Division 20 Section "Hangers and 
Supports." Install the following: 

1. Vertical Piping: MSS Type 8 or Type 42, clamps. 
2. Individual, Straight, Horizontal Piping Runs: According to the following: 

a. 100 Feet and Less: MSS Type 1, adjustable, steel clevis hangers. 
b. Longer than 100 Feet: MSS Type 43, adjustable roller hangers. 
c. Longer than 100 Feet: MSS Type 49, spring cushion rolls, if indicated. 

3. Multiple, Straight, Horizontal Piping Runs 100 Feet or Longer: MSS Type 44, pipe 
rolls. Support pipe rolls on trapeze. 

4. Base of Vertical Piping: MSS Type 52, spring hangers. 

B. Install supports according to Division 20 Section "Hangers and Supports." 

C. Support vertical piping and tubing at base and at each floor. 

D. Rod diameter may be reduced 1 size for double-rod hangers, to a minimum of 3/8 inch. 

E. Install hangers for drawn-temper copper tubing with the following maximum 
horizontal spacing and minimum rod diameters: 

1. NPS 3/4 and Smaller: 60-inches with 3/8-inch rod. 
2. NPS 1 and NPS 1-1/4: 72 inches with 3/8-inch rod. 
3. NPS 1-1/2 and NPS 2: 96 inches with 3/8-inch rod. 
4. NPS 2-1/2: 108 inches with 1/2-inch rod. 
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5. NPS 3 to NPS 5: 10 feet with 1/2-inch rod. 
6. NPS 6: 10 feet with 5/8-inch rod. 
7. NPS 8: 10 feet with 3/4-inch rod. 

F. Install supports for vertical copper tubing every 10 feet. 

G. Soft copper tube: Continuous support using v-shaped plastic pipe channel, maximum 
hanger spacing 8 feet with 3/8-inch rod. 

H. Alternate support for copper tubing NPS 3/4 and smaller: Continuous support using 
v-shaped plastic pipe channel, maximum hanger spacing 8 feet with 3/8-inch rod. 

I. Support piping and tubing not listed above according to MSS SP-69 and 
manufacturer's written instructions. 

3.5 CONNECTIONS 

A. Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Connect domestic water piping to distribution side of water meter with shutoff valve. 

C. Connect domestic water piping to existing domestic water distribution piping. Use 
dielectric fitting if connection dissimilar metals. Refer to Application Schedule on the 
Drawings and Division 20 Section “Basic Mechanical Materials and Methods” for 
dielectric fittings. 

D. Install piping adjacent to equipment and machines to allow service and maintenance. 

E. Connect domestic water piping to the following: 

1. Plumbing Fixtures: Cold- and hot-water supply piping in sizes indicated, but not 
smaller than required by plumbing code. Refer to Division 22 Section "Plumbing 
Fixtures." 

2. Equipment: Cold- and hot-water supply piping as indicated, but not smaller than 
equipment connections. Provide shutoff valve and union for each connection. 
Use flanges instead of unions for NPS 2-1/2 and larger. 

3. Booster Pumps: Cold-water suction and discharge piping. 
4. Water Heaters: Cold-water supply and hot-water outlet piping in sizes indicated, 

but not smaller than sizes of water heater connections. 

3.6 FIELD QUALITY CONTROL 

A. Domestic water piping as follows: 

1. Do not enclose, cover, or put piping into operation until it has been inspected 
and approved by authorities having jurisdiction. 

2. During installation, notify authorities having jurisdiction at least 24 hours before 
inspection must be made. Perform tests specified below in presence of 
authorities having jurisdiction: 

a. Roughing-in Inspection: Arrange for inspection of piping before concealing 
or closing-in after roughing-in and before setting fixtures. 

b. Final Inspection: Arrange final inspection for authorities having jurisdiction 
to observe tests specified below and to ensure compliance with 
requirements. 
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3. Reinspection: If authorities having jurisdiction find that piping will not pass test 
or inspection, make required corrections and arrange for reinspection. 

4. Reports: Prepare inspection reports and have them signed by authorities having 
jurisdiction. 

B. Test domestic water piping as follows: 

1. Fill domestic water piping. Check components to determine that they are not air 
bound and that piping is full of water. 

2. Test for leaks and defects in new piping and parts of existing piping that have 
been altered, extended, or repaired. If testing is performed in segments, submit 
separate report for each test, complete with diagram of portion of piping tested. 

3. Leave new, altered, extended, or replaced domestic water piping uncovered and 
unconcealed until it has been tested and approved. Expose work that was 
covered or concealed before it was tested. 

4. Cap and subject piping to static water pressure of 150 psig. Isolate test source 
and allow to stand for four hours. Leaks and loss in test pressure constitute 
defects that must be repaired. 

5. Repair leaks and defects with new materials and retest piping or portion thereof 
until satisfactory results are obtained. 

6. Prepare reports for tests and required corrective action. 

3.7 ADJUSTING 

A. Perform the following adjustments before operation: 

1. Close drain valves, hydrants, and hose bibbs. 
2. Open shutoff valves to fully open position. 
3. Open throttling valves to proper setting. 
4. Adjust balancing valves in hot-water-circulation return piping to provide 

adequate flow. 

a. Manually adjust ball-type balancing valves in hot-water-circulation return 
piping to provide flow of hot water in each branch. 

b. Adjust calibrated balancing valves to flows indicated. 

5. Remove plugs used during testing of piping and plugs used for temporary 
sealing of piping during installation. 

6. Remove and clean strainer screens. Close drain valves and replace drain plugs. 
7. Remove filter cartridges from housings and verify that cartridges are as specified 

for application where used and are clean and ready for use. 
8. Check plumbing specialties and verify proper settings, adjustments, and 

operation. 

3.8 CLEANING AND DISINFECTION 

A. Clean interior of domestic water piping system. Remove dirt and debris as work 
progresses. 

B. Clean and disinfect potable domestic water piping as follows: 

1. Purge new piping and parts of existing domestic water piping that have been 
altered, extended, or repaired before using. 

2. Use purging and disinfecting procedures prescribed by authorities having 
jurisdiction or, if methods are not prescribed, procedures described in either 
AWWA C651 or AWWA C652 or as described below: 
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a. Flush piping system with clean, potable water until dirty water does not 
appear at outlets. 

b. Fill and isolate system according to either of the following: 

1) Fill system or part thereof with water/chlorine solution with at least 
50 ppm of chlorine. Isolate with valves and allow to stand for 24 
hours. 

2) Fill system or part thereof with water/chlorine solution with at least 
200 ppm of chlorine. Isolate and allow to stand for three hours. 

c. Flush system with clean, potable water until no chlorine is in water coming 
from system after the standing time. 

d. Submit water samples in sterile bottles to authorities having jurisdiction. 
Repeat procedures if biological examination shows contamination. 

C. Prepare and submit reports of purging and disinfecting activities. 

END OF SECTION 221116 
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3.3 LABELING AND IDENTIFYING ............................................................................................................. 16 

3.4 FIELD QUALITY CONTROL ....................................................................................................................17 

3.5 ADJUSTING ...................................................................................................................................................17 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 
3. Division 20 Section "Meters and Gages" for thermometers, pressure gages, and 

flow meters in domestic water piping. 
4. Division 22 Section "Domestic Water Piping " for water meters. 
5. Division 22 Section "Healthcare Plumbing Fixtures" for thermostatic mixing 

valves for sitz baths, thermostatic mixing-valve assemblies for hydrotherapy 
equipment, and outlet boxes for dialysis equipment. 

6. Division 22 Section "Emergency Plumbing Fixtures" for water tempering 
equipment. 

7. Division 22 Section "Drinking Fountains, Water Coolers and Cuspidors" for 
water filters for water coolers. 
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1.2 PERFORMANCE REQUIREMENTS 

A. Minimum Working Pressure for Domestic Water Piping Specialties: 125 psig, unless 
otherwise indicated. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

1.4 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: Diagram power, signal, and control wiring. 

1.5 CLOSEOUT SUBMITTALS 

A. Field quality-control test reports. 

B. Flow Reports and Settings: For calibrated balancing valves. 

C. Operation and Maintenance Data: For domestic water piping specialties to include in 
emergency, operation, and maintenance manuals. 

1.6 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, Article 100, by an NRTL acceptable to authorities having jurisdiction, and 
marked for intended use. 

B. Regulatory Requirements: Comply with requirements in Public Law 111-380, 
"Reduction of Lead in Drinking Water Act," about lead content in materials that will 
be in contact with potable water for human consumption. 

C. NSF Compliance: 

1. Comply with NSF 14, "Plastics Piping Components and Related Materials," for 
plastic domestic water piping components. 

2. Comply with NSF 61, "Drinking Water System Components - Health Effects; 
Sections 1 through 9." 

3. Comply with NSF 372, “Drinking Water System Components – Lead Content” 
for components with wetted surfaces in contact with potable water. 

PART 2 - PRODUCTS 

2.1 VACUUM BREAKERS 

A. Pipe-Applied, Atmospheric-Type Vacuum Breakers: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 
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a. Apollo Valves; Conbraco Industries, Inc. 
b. FEBCO; a Division of Watts Water Technologies, Inc. 
c. Watts Water Technologies, Inc.; Watts Regulator Co. 
d. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard: ASSE 1001. 
3. Size: NPS 1/4 to NPS 3, as required to match connected piping. 
4. Body: Bronze. 
5. Inlet and Outlet Connections: Threaded. 
6. Finish: Chrome plated. 

B. Hose-Connection Vacuum Breakers: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; Conbraco Industries, Inc. 
b. MIFAB, Inc. 
c. Watts Water Technologies, Inc.; Watts Regulator Co. 
d. Woodford Manufacturing Company. 

2. Standard: ASSE 1011. 
3. Body: Bronze or brass, nonremovable, with manual drain. 
4. Outlet Connection: Garden-hose threaded complying with ASME B1.20.7. 
5. Finish: Chrome or nickel plated. 

C. Pressure Vacuum Breakers: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; Conbraco Industries, Inc. 
b. FEBCO; a Division of Watts Water Technologies, Inc. 
c. Watts Water Technologies, Inc.; Ames Fire & Waterworks. 
d. Watts Water Technologies, Inc.; Watts Regulator Co. 
e. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard: ASSE 1020. 
3. Operation: Continuous-pressure applications. 
4. Pressure Loss: 5 psig maximum, through middle 1/3 of flow range. 
5. Size and Capacity: As indicated on the drawings. 
6. Accessories: 

a. Valves: Ball type, on inlet and outlet. 

2.2 BACKFLOW PREVENTERS 

A. Intermediate Atmospheric-Vent Backflow Preventers: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; Conbraco Industries, Inc. 
b. FEBCO; a Division of Watts Water Technologies, Inc. 
c. Watts Water Technologies, Inc.; Watts Regulator Co. 
d. Zurn Plumbing Products Group; Wilkins Div. 
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2. Standard: ASSE 1012. 
3. Operation: Continuous-pressure applications. 
4. Size: NPS 1/2. 
5. Body: Bronze. 
6. End Connections: Union, solder joint. 
7. Finish: Chrome plated. 

B. Reduced-Pressure-Principle Backflow Preventers: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; Conbraco Industries, Inc. 
b. FEBCO; a Division of Watts Water Technologies, Inc. 
c. Watts Water Technologies, Inc.; Ames Fire & Waterworks. 
d. Watts Water Technologies, Inc.; Watts Regulator Co. 
e. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard: ASSE 1013. 
3. Operation: Continuous-pressure applications. 
4. Pressure Loss: 12 psig maximum, through middle 1/3 of flow range. 
5. Size and Capacities: As scheduled on the drawings. 
6. Body: Bronze for NPS 2 and smaller; cast-iron or ductile-iron, with interior 

lining complying with AWWA C550 or that is FDA approved for NPS 2-1/2 and 
larger. 

7. End Connections: Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and 
larger. 

8. Configuration: Designed for horizontal, straight through  flow. 
9. Accessories: 

a. Valves: Ball type with threaded ends on inlet and outlet of NPS 2 and 
smaller; gate-type with flanged ends on inlet and outlet of NPS 2-1/2 and 
larger. 

b. Air-Gap Fitting: ASME A112.1.2, matching backflow-preventer connection. 
c. Y-Pattern strainer and soft-seated check valve. 

C. Double-Check Backflow-Prevention Assemblies: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; Conbraco Industries, Inc. 
b. FEBCO; a Division of Watts Water Technologies, Inc. 
c. Watts Water Technologies, Inc.; Ames Fire & Waterworks. 
d. Watts Water Technologies, Inc.; Watts Regulator Co. 
e. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard: ASSE 1015. 
3. Operation: Continuous-pressure applications, unless otherwise indicated. 
4. Pressure Loss: 5 psig maximum, through middle 1/3 of flow range. 
5. Size and Capacities: As scheduled on the drawings. 
6. Body: Bronze for NPS 2 and smaller; cast-iron or ductile-iron, with interior 

lining complying with AWWA C550 or that is FDA approved for NPS 2-1/2 and 
larger. 

7. End Connections: Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and 
larger. 

8. Configuration: Designed for horizontal, straight through flow. 
9. Accessories: 
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a. Valves: Ball type with threaded ends on inlet and outlet of NPS 2 and 
smaller; gate-type with flanged ends on inlet and outlet of NPS 2-1/2 and 
larger. 

D. Backflow Preventers: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; Conbraco Industries, Inc. 
b. Watts Water Technologies, Inc.; Watts Regulator Co. 
c. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard: ASSE 1022. 
3. Operation: Continuous-pressure applications. 
4. Size: NPS 1/4 or NPS 3/8. 
5. Body: Stainless steel or Acetal plastic. 
6. End Connections: Threaded. 

E. Dual-Check-Valve Backflow Preventers: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; Conbraco Industries, Inc. 
b. FEBCO; a Division of Watts Water Technologies, Inc. 
c. Watts Water Technologies, Inc.; Watts Regulator Co. 
d. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard: ASSE 1024. 
3. Operation: Continuous-pressure applications. 
4. Size: As indicated on the drawings. 
5. Body: Bronze with union inlet. 

F. Carbonated-Beverage-Dispenser, Dual-Check-Valve Backflow Preventers: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Watts Water Technologies, Inc.; Watts Regulator Co. 

2. Standard: ASSE 1032. 
3. Operation: Continuous-pressure applications. 
4. Size: NPS 1/4 or NPS 3/8. 
5. Body: Stainless steel. 
6. End Connections: Threaded. 

G. Hose-Connection Backflow Preventers: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; Conbraco Industries, Inc. 
b. Watts Water Technologies, Inc.; Watts Regulator Co. 
c. Woodford Manufacturing Company. 

2. Standard: ASSE 1052. 
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3. Operation: Up to 10-foot head of water back pressure. 
4. Inlet Size: NPS 1/2 or NPS 3/4. 
5. Outlet Size: Garden-hose thread complying with ASME B1.20.7. 
6. Capacity: At least 3-gpm flow. 

2.3 BALANCING VALVES 

A. Calibrated Balancing Valves NPS 1/2: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Armstrong International, Inc. 
b. Armstrong Pumps, Inc. 
c. Apollo Valves; by Conbraco Industries, Inc. 
d. Bell & Gossett; Xylem Inc. 
e. Flo Fab Inc. 
f. Flow Design Inc. 
g. Griswold Controls. 
h. NIBCO INC. 
i. IMI Indoor Climate; Tour & Andersson. 
j. Taco, Inc. 
k. Watts Water Technologies, Inc.; Watts Regulator Co. 

2. Type: Ball or Y-pattern globe valve with two readout ports and memory setting 
indicator. 

3. Body: Dezincification resistant brass, or bronze. 
4. Minimum Flow Rate: 0.3 gpm. 
5. Accessories: Meter hoses, fittings, valves, differential pressure meter, and 

carrying case. 

B. Calibrated Balancing Valves NPS 3/4 to NPS 2: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Armstrong International, Inc. 
b. Armstrong Pumps, Inc. 
c. Apollo Valves; by Conbraco Industries, Inc. 
d. Bell & Gossett; Xylem Inc. 
e. Flo Fab Inc. 
f. Flow Design Inc. 
g. Griswold Controls. 
h. NIBCO INC. 
i. IMI Indoor Climate; Tour & Andersson. 
j. Taco, Inc. 
k. Watts Water Technologies, Inc.; Watts Regulator Co. 

2. Type: Ball or Y-pattern globe valve with two readout ports and memory setting 
indicator. 

3. Body: Dezincification resistant brass, or bronze. 
4. Size: Same as connected piping, but not larger than NPS 2. 
5. Accessories: Meter hoses, fittings, valves, differential pressure meter, and 

carrying case. 

C. Calibrated Balancing Valves NPS 2-1/2 to NPS 4: 
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1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Armstrong International, Inc. 
b. Bell & Gossett; Xylem Inc. 
c. Flo Fab Inc. 
d. Flow Design Inc. 
e. Griswold Controls. 
f. NIBCO INC. 
g. IMI Indoor Climate; Tour & Andersson. 
h. Watts Water Technologies, Inc.; Watts Regulator Co. 

2. Type: Adjustable with Y-pattern globe valve, two readout ports, and memory-
setting indicator. 

3. Size: Same as connected piping, but not smaller than NPS 2-1/2. 
4. Accessories: Meter hoses, fittings, valves, differential pressure meter, and 

carrying case. 

2.4 TEMPERATURE-ACTUATED WATER MIXING VALVES 

A. Water-Temperature Limiting Devices: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Acorn Controls; Morris Group International; ST70. 
b. Apollo Valves; Conbraco Industries, Inc.; Model MVD (34D Series). 
c. Bradley Corporation. 
d. Lawler Manufacturing Company, Inc. 
e. Leonard Valve Company; Series 170-LF and 270-LF. 
f. Watts Water Technologies, Inc.; Powers Division; Hydroguard Series 

LFe480, LFG480, and LFLM495. 
g. Watts Water Technologies, Inc.; Watts Regulator Co. 
h. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard: ASSE 1070. 
3. Pressure Rating: 125 psig. 
4. Type: Thermostatically controlled water mixing valve. 
5. Material: Bronze body with corrosion-resistant interior components. 
6. Connections: 1/2-inch union or 3/8-inch compression; with integral check 

valves. 
7. Accessories: Adjustable temperature-control knob. 
8. Outlet Temperature Range: Adjustable from 85 deg F to 120 deg F. Set at 105 

deg F. 
9. Minimum Flow Rate: 0.5 gpm. 
10. Valve Finish: Chrome plated. 

B. Primary, Thermostatic, Water Mixing Valves: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Acorn Controls; Morris Group International; MV17. 
b. Apollo Valves; Conbraco Industries, Inc. 
c. Armstrong International, Inc. (RADA). 
d. Bradley Corporation. 
e. Lawler Manufacturing Company, Inc. 
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f. Leonard Valve Company. 
g. Symmons Industries, Inc. 
h. Watts Water Technologies, Inc.; Powers Division. 
i. Watts Water Technologies, Inc.; Watts Regulator Co. 
j. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard: ASSE 1017. 
3. Type: Cabinet-type, thermostatically controlled water mixing valve. 
4. Material: Bronze body with corrosion-resistant interior components. 
5. Connections: Threaded union inlets and outlet. 
6. Accessories: Manual temperature control, check stops and strainers on hot- 

and cold-water supplies, and adjustable, temperature-control handle. 
7. Valve Pressure Rating: 125 psig minimum, unless otherwise indicated. 
8. Size, Settings, and Capacities: As scheduled on the drawings. 
9. Valve Finish: Chrome plated. 
10. Cabinet: Factory-fabricated, stainless steel, for surface mounting and with 

hinged, stainless-steel door. 

C. Manifold, Thermostatic, Water-Mixing-Valve Assemblies: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; Conbraco Industries, Inc.; Model MVHL (34HL Series). 
b. Leonard Valve Company. 
c. Symmons Industries, Inc. 
d. Watts Water Technologies, Inc.; Powers Division. 

2. Description: Factory-fabricated, cabinet-type, thermostatically controlled, 
water-mixing-valve assembly in two-valve parallel arrangement. 

3. Large-Flow Parallel: Thermostatic water mixing valve and downstream 
pressure regulator with pressure gages on inlet and outlet. 

4. Intermediate-Flow Parallel: Thermostatic water mixing valve and downstream 
pressure regulator with pressure gages on inlet and outlet. 

5. Small-Flow Parallel: Thermostatic water mixing valve. 
6. Thermostatic Mixing Valves: Comply with ASSE 1017. Include check stops and 

strainers on hot- and cold-water inlets and shutoff valve on outlet. 
7. Water Regulator(s): Comply with ASSE 1003. Include pressure gage on inlet 

and outlet. 
8. Component Pressure Ratings: 125 psig minimum, unless otherwise indicated. 
9. Cabinet: Factory-fabricated, stainless steel, for surface mounting and with 

hinged, stainless-steel door. 
10. Size, Settings, and Capacities: As scheduled on the drawings. 
11. Thermostatic Mixing Valve and Water Regulator Finish: Chrome plated. 

D. Automatic Temperature Control Mixing Valves: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Acorn Controls; Morris Group International; ST7069. 
b. Apollo Valves; Conbraco Industries, Inc.; 34 HL Series. 
c. Lawler Manufacturing Company, Inc. 

2. Standard: ASSE 1069. 
3. Type: Cabinet-type, thermostatically controlled water mixing valve. 
4. Material: Bronze body with corrosion-resistant interior components. 
5. Connections: Threaded inlets and outlet. 
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6. Accessories: Manual temperature control, check stops and strainers on hot- 
and cold-water supplies, and adjustable, temperature-control. 

7. Valve Pressure Rating: 125 psig minimum, unless otherwise indicated. 
8. Tempered-Water Setting: Maximum 120 deg F. 
9. Size and Capacities: As scheduled on the drawings. 
10. Valve Finish: Chrome plated. 
11. Cabinet: Factory-fabricated, stainless steel, for surface mounting and with 

hinged, stainless-steel door. 

2.5 PREPIPED TEMPERED WATER MIXING SYSTEM 

A. General 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Acorn Controls; Morris Group International. 
b. Armstrong International, Inc. (RADA). 
c. Bradley Corporation. 
d. Lawler Manufacturing Company, Inc.; Pre-piped 802 Hi-Low Tempered 

water Mixing System. 
e. Leonard Valve Company. 
f. Symmons Industries, Inc. 
g. Watts Water Technologies, Inc.; Powers Division. 
h. Watts Water Technologies, Inc.; Watts Regulator Co. 

2. Description: Completely assembled and tested pre-piped manifold system 
including mixing valve(s), recirculation pump, circuit setting balancing valve, 
aquastat, circulator switch box, thermometers, isolation valves, mounting strut, 
and test connection. 

3. Standard: ASSE 1017. 
4. Mixing Valve: Exposed-mounting, thermostatically controlled water mixing 

valve. 

a. Material: Bronze body with corrosion-resistant interior components. 
b. Connections: Threaded union inlets and outlet. 
c. Accessories: Manual temperature control, check stops and strainers on 

hot- and cold-water supplies, and adjustable, temperature-control handle. 
d. Valve Pressure Rating: 125 psig minimum, unless otherwise indicated. 
e. Size, Settings, and Capacities: As scheduled on the drawings. 
f. Valve Finish: Rough bronze. 

5. Pump: Meeting requirements in Division 22 Section “Domestic Water 
Circulation Pumps.” 

6. Mounting Strut: Meeting requirements in Division 20 Section “Hangers and 
Supports.” 

2.6 DIGITAL MIXING AND RECIRCULATION SYSTEM 

A. Digitally Controlled Thermostatic, Water Mixing and Recirculation Valves: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Watts Water Technologies, Inc.; Powers Division; IntelliStation. 
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b. Lawler Manufacturing Company, Inc.; Series 800 SEA Valve Deluxe 
Recirculation System. 

c. Armstrong International, Inc.; The Brain. 
d. AERCO; a Watts Brand; ADMS. 

2. Description: Digital temperature controller designed to deliver blended water 
economically at safe, accurate temperature for use in re-circulated hot water 
systems. 

a. High/Low Thermostatic Mixing Valve: Liquid-filled thermal motor; 
stainless steel piston and liner; union end stop; check valve inlets with 
stainless steel strainers; vandal-resistant temperature adjustment. 
Incorporated into pre-piped manifolded system which includes 
recirculating pump, thermostatic balancing valve, isolation valves and 
mounting strut. 

3. System shall digitally monitor and display the following without the use of an 
external module, laptop and special software that must be downloaded: 

a. Hot and cold water inlet supply pressure in deg F. 
b. Hot and cold water inlet supply temperature in deg F. 
c. Mixed outlet temperature and mixed outlet set point in deg F. 
d. Return temperature and pressure in psig. 
e. Energy units displayed in therms (TH), gigajoules (GJ), kilowatts (kWh) 

and British thermal units (MBTU). 
f. Highest mixed outlet temperature recorded (since last reset). 
g. Lowest mixed outlet temperature recorded (since last reset). 
h. Recirculation pump run time in hours. 
i. Energy consumed (since last reset). 
j. Highest hot water inlet supply temperature (since last reset). 
k. Lowest hot water inlet supply temperature (since last reset). 
l. Highest measured load flow (since last reset). 

4. Control module shall integrate with building automation systems through 
Bacnet and Modbus protocols without use of separate module, and feature 
local and remote temperature alarms. System shall also feature password 
protected, user-selected high-temperature sanitization mode for operation as 
part of user’s safe and properly designed thermal bacteria eradication protocol. 

5. Standards: ASSE 1017 and CSA B125.3. 
6. Type: Exposed-mounting. 
7. Connections: Threaded inlets and outlet. 
8. Maximum Operating Pressure: 125 psig. 
9. Maximum Hot Water Temperature: 200 deg F. 
10. Recirculation Pump: As specified in Division 22 Section “Domestic Water 

Circulation Pumps.” 
11. Isolation Valves: As specified in Division 22 Section “General Duty Valves for 

Plumbing.” 
12. Capacities and Settings: As scheduled on the drawings. 
13. Valve Finish: Rough bronze Chrome plated. 

2.7 STRAINERS FOR DOMESTIC WATER PIPING 

A. Y-Pattern Strainers: 

1. Manufacturers: 

a. Apollo Valves; Conbraco Industries, Inc. 
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b. Keckley Company. 
c. Metraflex Company. 
d. Mueller Steam Specialty; a Watts Brand. 
e. NIBCO, Inc. 
f. Titan Flow Control, Inc. 
g. Watts. 
h. Yarway; Emerson Automation Solutions. 

2. CWP: 200 psig minimum, unless otherwise indicated. 
3. SWP: 125 psig minimum, unless otherwise indicated. 
4. Body: Bronze for NPS 2 and smaller; cast iron with interior lining complying 

with AWWA C550 or FDA-approved, epoxy coating and for NPS 2-1/2 and 
larger. 

5. End Connections: Threaded or soldered for NPS 2 and smaller; flanged for 
NPS 2-1/2 and larger. 

6. Screen: Stainless steel with round perforations, unless otherwise indicated. 
7. Perforation Size: 

a. Strainers NPS 2 and Smaller: 0.033 inch  
b. Strainers NPS 2-1/2 to NPS 4: 0.045 inch. 
c. Strainers NPS 5 and Larger: 0.045 inch . 

8. Drain: Pipe plug. 

2.8 OUTLET BOXES 

A. Clothes Washer Outlet Boxes: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Sioux Chief Manufacturing Company, Inc.; Ox Box. 
b. Oatey SCS. 
c. Guy Gray Manufacturing Co., Inc. 

2. Mounting: Recessed. 
3. Material and Finish: Enameled- or epoxy-painted-steel or Stainless-steel box 

and faceplate. 
4. Faucet: Combination, valved fitting or separate hot- and cold-water, valved 

fittings complying with ASME A112.18.1. Include garden-hose thread complying 
with ASME B1.20.7 on outlets. 

5. Supply Shutoff Fittings: NPS 1/2 gate, globe, or ball valves and NPS 1/2 copper, 
water tubing. 

6. Drain: NPS 2 standpipe and P-trap for direct waste connection to drainage 
piping. 

7. Inlet Hoses: Two 60-inch- long, rubber household clothes washer inlet hoses 
with female, garden-hose-thread couplings. Include rubber washers. 

8. Drain Hose: One 48-inch- long, rubber household clothes washer drain hose 
with hooked end. 

B. Icemaker Outlet Boxes: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Sioux Chief Manufacturing Company, Inc.; Ox Box. 
b. Oatey SCS. 
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c. LSP Products Group, Inc. 
d. Acorn Engineering Company. 

2. Mounting: Recessed. 
3. Material and Finish: Enameled- or epoxy-painted-steel or Stainless-steel box 

and faceplate. 
4. Faucet: Valved fitting complying with ASME A112.18.1. Include NPS 1/2 or 

smaller copper tube outlet. 
5. Supply Shutoff Fitting: NPS 1/2 gate, globe, or ball valve and NPS 1/2 copper, 

water tubing. 

2.9 FIRE-RATED OUTLET BOXES 

A. Fire-Rated Clothes Washer Outlet Boxes: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Sioux Chief Manufacturing Company, Inc.; Ox Box. 
b. Oatey SCS; Fire-Rated Washing Machine Outlet Boxes. 

2. Certification: Warnock Hersey certified for 1-hour and 2-hour fire-rated walls. 
3. Mounting: Recessed. Using galvanized steel bracket. 
4. Material and Finish: Bulk molded compound thermoset fire-rated plastic. 
5. Faucets: Separate hot- and cold-water, 1/4-turn valved fittings complying with 

ASME A112.18.1. Include garden-hose thread complying with ASME B1.20.7 on 
outlets. 

6. Water Hammer Arrestors: Integral. 
7. Drain: NPS 2 PVC tailpiece. 
8. Drain Piece Metal Sleeve: Galvanized steel with integrated intumescent pad. 
9. Box Pad: UL Classified Unifrax FyreWrap insulation material. 

B. Fire-Rated Ice Maker Outlet Boxes: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Sioux Chief Manufacturing Company, Inc.; Ox Box. 
b. Oatey SCS; Fire-Rated Ice Maker Outlet Boxes. 

2. Certification: Warnock Hersey certified for 1-hour and 2-hour fire-rated walls. 
3. Mounting: Recessed. Using galvanized steel bracket. 
4. Material and Finish: Bulk molded compound thermoset fire-rated plastic. 
5. Faucet: Cold-water, 1/4-turn valved fittings. 
6. Water Hammer Arrestors: Integral. 
7. Box Pad: UL Classified Unifrax FyreWrap insulation material. 

2.10 HOSE BIBBS 

A. Hose Bibbs: 

1. Standard: ASME A112.18.1 for sediment faucets. 
2. Body Material: Bronze. 
3. Seat: Bronze, replaceable. 
4. Supply Connections: NPS 1/2 or NPS 3/4 threaded or solder-joint inlet. 
5. Outlet Connection: Garden-hose thread complying with ASME B1.20.7. 
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6. Pressure Rating: 125 psig. 
7. Vacuum Breaker: Integral nonremovable, drainable, hose-connection vacuum 

breaker complying with ASSE 1011. 
8. Finish for Equipment Rooms: Chrome or nickel plated. 
9. Finish for Service Areas: Chrome or nickel plated. 
10. Finish for Finished Rooms: Chrome or nickel plated. 
11. Operation for Equipment Rooms: Wheel handle or operating key. 
12. Operation for Service Areas: Operating key. 
13. Operation for Finished Rooms: Operating key. 
14. Include operating key with each operating-key hose bibb. 
15. Include integral wall flange with each chrome- or nickel-plated hose bibb. 

2.11 WALL HYDRANTS 

A. Nonfreeze Wall Hydrants: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Josam Company. 
b. MIFAB, Inc. 
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
d. Tyler Pipe; Wade Div. 
e. Watts Water Technologies, Inc.; Watts Regulator co. 
f. Woodford Manufacturing Company. 
g. Zurn Plumbing Products Group; Specification Drainage Operation. 

2. Standard: ASME A112.21.3M for self-draining wall hydrants. 
3. Pressure Rating: 125 psig. 
4. Operation: Loose key. 
5. Casing and Operating Rod: Of length required to match wall thickness. Include 

wall clamp. 
6. Inlet: NPS 3/4 or NPS 1. 
7. Outlet: Concealed, with integral vacuum breaker and garden-hose thread 

complying with ASME B1.20.7. 
8. Box: Deep, flush mounting with cover. 
9. Box and Cover Finish: Polished nickel bronze or chrome plated. 
10. Outlet: Exposed, with integral vacuum breaker and garden-hose thread 

complying with ASME B1.20.7. 
11. Nozzle and Wall-Plate Finish: Polished nickel bronze. 
12. Operating Keys(s): Two with each wall hydrant. 

B. Vacuum Breaker Wall Hydrants: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Smith, Jay. R. Mfg. Co.; Division of Smith Industries, Inc. 
b. Watts Water Technologies, Inc.; Watts Regulator Co. 
c. Woodford Manufacturing Company. 
d. Zurn Plumbing Products Group; Light Commercial Operation. 

2. Standard: ASSE 1019, Type A or Type B. 
3. Type: Freeze-resistant, automatic draining with integral air-inlet valve. 
4. Classification: Type B, for automatic draining with hose removed or with hose 

attached and nozzle closed. 
5. Pressure Rating: 125 psig. 
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6. Operation: Loose key. 
7. Casing and Operating Rod: Of length required to match wall thickness. Include 

wall clamp. 
8. Inlet: NPS 1/2 or NPS 3/4. 
9. Outlet: Exposed with garden-hose thread complying with ASME B1.20.7. 

2.12 WATER HAMMER ARRESTERS 

A. Water Hammer Arresters (Copper Tube Type): 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. MIFAB, Inc. 
b. PPP Inc. 
c. Sioux Chief Manufacturing Company, Inc. 
d. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
e. Tyler Pipe; Wade Div. 
f. Watts Drainage Products Inc. 
g. Watts Water Technologies, Inc.; Watts Regulator Co. 

2. Standard: ASSE 1010 or PDI-WH 201. 
3. Type: Copper tube with piston. 
4. Size: ASSE 1010, Sizes AA and A through F or PDI-WH 201, Sizes A through F. 

B. Water Hammer Arresters (Metal Bellows Type): 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. AMTROL, Inc. 
b. Josam Company. 
c. MIFAB, Inc. 
d. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
e. Tyler Pipe; Wade Div. 
f. Watts Drainage Products Inc. 
g. Zurn Plumbing Products Group; Specification Drainage Operation. 

2. Standard: ASSE 1010 or PDI-WH 201. 
3. Type: Precharged stainless steel bellows. 
4. Size: ASSE 1010, Sizes AA and A through F or PDI-WH 201, Sizes A through F. 

2.13 AIR VENTS 

A. Bolted-Construction Automatic Air Vents: 

1. Body: Bronze. 
2. Pressure Rating: 125-psig minimum pressure rating at 140 deg F. 
3. Float: Replaceable, corrosion-resistant metal. 
4. Mechanism and Seat: Stainless steel. 
5. Size: NPS 3/8 minimum inlet. 
6. Inlet and Vent Outlet End Connections: Threaded. 

B. Welded-Construction Automatic Air Vents: 
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1. Body: Stainless steel. 
2. Pressure Rating: 150-psig minimum pressure rating. 
3. Float: Replaceable, corrosion-resistant metal. 
4. Mechanism and Seat: Stainless steel. 
5. Size: NPS 3/8 minimum inlet. 
6. Inlet and Vent Outlet End Connections: Threaded. 

2.14 TRAP-SEAL PRIMER VALVES 

A. Drainage-Type, Trap-Seal Primer Valves: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. PPP Inc.; Tail Piece Trap Priming Assembly. 
b. MIFAB, Inc. 
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 

2. Standard: ASSE 1044, lavatory P-trap with NPS 1/2 minimum, trap makeup 
connection. 

3. Size: NPS 1-1/4 minimum. 
4. Material: Chrome-plated, cast brass. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Refer to Division 20 Section "Basic Mechanical Materials and Methods" for piping 
joining materials, joint construction, and basic installation requirements. 

B. Install backflow preventers in each water supply to mechanical equipment and 
systems and to other equipment and water systems that may be sources of 
contamination. Comply with authorities having jurisdiction. 

1. Locate backflow preventers in same room as connected equipment or system. 
2. Install drain for backflow preventers with atmospheric-vent drain connection 

with air-gap fitting, fixed air-gap fitting, or equivalent positive pipe separation 
of at least two pipe diameters in drain piping and pipe to floor drain. Locate 
air-gap device attached to or under backflow preventer. Simple air breaks are 
not acceptable for this application. 

3. Do not install bypass piping around backflow preventers. 
4. Install strainer and soft-seated check valve upstream of backflow preventer. 

Exception: Fire protection backflow preventers. 

C. Install water regulators with inlet and outlet shutoff valves. Install pressure gages on 
inlet and outlet. 

D. Install water control valves with inlet and outlet shutoff valves. Install pressure gages 
on inlet and outlet. 

E. Install balancing valves in locations where they can easily be adjusted. 

F. Install temperature-actuated water mixing valves with strainers, and check stops or 
shutoff valves on inlets and with shutoff valve on outlet. 
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1. Install thermometers and water regulators if specified. 
2. Install cabinet-type units recessed in or surface mounted on wall as specified. 

G. Install outlet boxes recessed in wall. Install 2-by-4-inch fire-retardant-treated-wood 
blocking wall reinforcement between studs. Fire-retardant-treated-wood blocking is 
specified in Division 06 Section "Rough Carpentry." 

H. Install non-freeze, nondraining-type post hydrants set in concrete or pavement. 

I. Install water hammer arresters in water piping according to PDI-WH 201. 

J. Install air vents at high points of water piping. 

K. Install supply-type, trap-seal primer valves with outlet piping pitched down toward 
drain trap a minimum of 1 percent, and connect to floor-drain body, trap, or inlet 
fitting. Adjust valve for proper flow. 

L. Install drainage-type, trap-seal primer valves as lavatory trap with outlet piping 
pitched down toward drain trap a minimum of 1 percent, and connect to floor-drain 
body, trap, or inlet fitting. 

M. Install trap-seal primer systems with outlet piping pitched down toward drain trap a 
minimum of 1 percent, and connect to floor-drain body, trap, or inlet fitting. Adjust 
system for proper flow. 

3.2 CONNECTIONS 

A. Piping installation requirements are specified in other Division 20 and 22 Sections. 
Drawings indicate general arrangement of piping and specialties. 

3.3 LABELING AND IDENTIFYING 

A. Equipment Nameplates and Signs: Install engraved plastic-laminate equipment 
nameplate or sign on or near each of the following: 

1. Pressure vacuum breakers. 
2. Intermediate atmospheric-vent backflow preventers. 
3. Reduced-pressure-principle backflow preventers. 
4. Double-check backflow-prevention assemblies. 
5. Carbonated-beverage-machine backflow preventers. 
6. Dual-check-valve backflow preventers. 
7. Water pressure-reducing valves. 
8. Calibrated balancing valves. 
9. Primary, thermostatic, water mixing valves. 
10. Manifold, thermostatic, water-mixing-valve assemblies. 
11. Photographic-process, thermostatic, water-mixing-valve assemblies. 
12. Primary water tempering valves. 
13. Outlet boxes. 
14. Hose stations. 
15. Supply-type, trap-seal primer valves. 
16. Trap-seal primer systems. 

B. Distinguish among multiple units, inform operator of operational requirements, 
indicate safety and emergency precautions, and warn of hazards and improper 
operations, in addition to identifying unit. Nameplates and signs are specified in 
Division 20 Section "Mechanical Identification." 
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3.4 FIELD QUALITY CONTROL 

A. Perform the following tests and prepare test reports: 

1. Test each backflow prevention device according to authorities having 
jurisdiction and the device's reference standard. 

B. Remove and replace malfunctioning domestic water piping specialties and retest as 
specified above. 

3.5 ADJUSTING 

A. Set field-adjustable pressure set points of water pressure-reducing valves. 

B. Set field-adjustable flow set points of balancing valves as follows: 

1. Set calibrated balancing valves at calculated presettings. 
2. Measure flow each station and adjust where necessary. 
3. Record settings and mark balancing devices. 

C. Set field-adjustable temperature set points of temperature-actuated water mixing 
valves. 

END OF SECTION 221119 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
DOMESTIC WATER CIRCULATION PUMPS  221123 - 1 

SECTION 221123 - DOMESTIC WATER CIRCULATION PUMPS 

PART 1 - GENERAL ......................................................................................................................................................... 1 
1.1 RELATED DOCUMENTS ............................................................................................................................. 1 
1.2 DEFINITIONS ................................................................................................................................................... 1 
1.3 ACTION SUBMITTALS ................................................................................................................................. 1 
1.4 INFORMATIONAL SUBMITTALS ........................................................................................................... 2 

1.5 CLOSEOUT SUBMITTALS ......................................................................................................................... 2 

1.6 QUALITY ASSURANCE .............................................................................................................................. 2 

1.7 DELIVERY, STORAGE, AND HANDLING............................................................................................ 2 

1.8 COORDINATION ........................................................................................................................................... 2 

PART 2 - PRODUCTS .................................................................................................................................................... 3 

2.1 MANUFACTURERS ...................................................................................................................................... 3 

2.2 CLOSE-COUPLED, IN-LINE CENTRIFUGAL PUMPS (SMALL) ................................................. 3 

2.3 CONTROLS ..................................................................................................................................................... 3 

2.4 FLEXIBLE CONNECTORS ......................................................................................................................... 4 

2.5 BUILDING-AUTOMATION-SYSTEM INTERFACE ........................................................................... 4 

PART 3 - EXECUTION .................................................................................................................................................. 4 

3.1 EXAMINATION .............................................................................................................................................. 4 

3.2 PUMP INSTALLATION ................................................................................................................................ 4 

3.3 CONTROL INSTALLATION ...................................................................................................................... 4 

3.4 CONNECTIONS ............................................................................................................................................. 5 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 
3. Division 22 Section "Domestic Water Packaged Booster Pumps" for booster 

systems. 
4. Division 20 Section “Pipe Flexible Connectors, Expansion Fittings and Loops.” 

1.2 DEFINITIONS 

A. PEI: Pump Energy Index as defined by the Department of Energy. 

B. PEICL: Pump Energy Index – Constant Load, as defined by the Department of Energy. 

C. PEIVL: Pump Energy Index – Variable Load, as defined by the Department of Energy. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type and size of domestic water pump specified. Include 
certified performance curves with operating points plotted on curves; and rated 
capacities of selected models, furnished specialties, and accessories. 
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1.4 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: Diagram power, signal, and control wiring. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For domestic water pumps to include in 
emergency, operation, and maintenance manuals. 

1.6 QUALITY ASSURANCE 

A. Product Options: Drawings indicate size, profiles, and dimensional requirements of 
domestic water pumps and are based on the specific system indicated. Refer to 
Division 01 Section "Product Requirements." 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, Article 100, by an NRTL acceptable to authorities having jurisdiction, and 
marked for intended use. 

C. Department of Energy Requirements: Pumps supplied that are regulated by the 
Department of Energy pump standards shall bear the acceptable PEI index.  

1. Constant load pumps supplied shall bear the acceptable PEICL index. 
2. Variable load pumps supplied with variable speed controls shall bear the 

acceptable PEIvL index.  
3. Submittals for approval shall clearly identify the applicable PEI index and affirm 

that that index meets the DOE pump standards. 

D. Regulatory Requirements: Comply with requirements in Public Law 111-380, 
"Reduction of Lead in Drinking Water Act," about lead content in materials that will 
be in contact with potable water for human consumption. 

E. Comply with NSF 61, "Drinking Water System Components - Health Effects; 
Sections 1 through 9," and NSF 372 Drinking Water System Components – Lead 
Content for potable domestic water piping and components. 

F. UL Compliance: Comply with UL 778 for motor-operated water pumps. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Retain shipping flange protective covers and protective coatings during storage. 

B. Protect bearings and couplings against damage. 

C. Comply with pump manufacturer's written rigging instructions for handling. 

1.8 COORDINATION 

A. Coordinate size and location of concrete bases. Concrete, reinforcement, and 
formwork requirements are specified in Division 03. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 CLOSE-COUPLED, IN-LINE CENTRIFUGAL PUMPS (SMALL) 

A. Manufacturers: 

1. Armstrong Pumps Inc. 
2. Bell & Gossett; Xylem Inc.; Series PL. 
3. Grundfos Pumps Corp. 
4. Taco, Inc.; Series 1400. 

B. Description: Factory-assembled and –tested, centrifugal, overhung-impeller, close-
coupled, in-line pump as defined in HI 1.1-1.2 and HI 1.3; and designed for installation 
with pump and  motor shafts mounted horizontally. 

1. Pump Construction: All bronze. 

a. Casing: Radially split, bronze, with threaded companion-flange 
connections. 

b. Impeller: Glass-reinforced corrosion-resistant material; keyed to shaft. 
c. Shaft: High-strength alloy steel. 
d. Seal: Mechanical, carbon/silicon carbide seal. 
e. Bearings: Permanently oil-lubricated type. 

2. Motor-Single speed, with oil-lubricated bearings, unless otherwise indicated; 
and directly mounted to pump casing. Comply with requirements in Division 20 
Section “Motors.” 

C. Capacities and Characteristics:  Refer to Schedule on Drawings. 

2.3 CONTROLS 

A. Thermostats: Electric; adjustable for control of hot-water circulation pump. 

1. Manufacturers: 

a. Honeywell International, Inc.; Aquastat. 
b. Johnson Controls, Inc. 
c. Schneider Electric USA, Inc. 
d. Siemens Industry, Inc.; Building Technologies Division. 
e. White-Rodgers Div.; Emerson Electric Co. 

2. Type: Strap-on sensor, with suitable removable spring clip attaching 
thermostat to hot-water circulation piping. 

3. Range: 65 to 200 deg F . 
4. Operation of Pump: On or off. 
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5. Transformer: Provide if required. 
6. Power Requirement: 24 V, ac or 120 V, ac. 
7. Settings: Start pump at 110 deg F and stop pump at 120 deg F. 

2.4 FLEXIBLE CONNECTORS 

A. Refer to Division 20 Section “Pipe Flexible Connectors, Expansion Fittings and 
Loops.” 

2.5 BUILDING-AUTOMATION-SYSTEM INTERFACE 

A. Provide auxiliary contacts in pump controllers for interface to building automation 
system. Include the following: 

1. On-off status of each pump. 
2. Alarm status. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine roughing-in of domestic-water-piping system to verify actual locations of 
connections before pump installation. 

3.2 PUMP INSTALLATION 

A. Comply with HI 1.4. 

B. Install pumps with access for periodic maintenance including removal of motors, 
impellers, couplings, and accessories. 

C. Independently support pumps and piping so weight of piping is not supported by 
pumps and weight of pumps is not supported by piping. Do not use pump motors as 
a support point. 

D. Install centrifugal pumps with motor and pump shafts horizontal. 

E. Install continuous-thread hanger rods and of sufficient size to support pump weight. 
Vibration isolation devices are specified in Division 20 Section "Mechanical Vibration 
Controls." Fabricate brackets or supports as required. Hanger and support materials 
are specified in Division 20 Section "Hangers and Supports." 

3.3 CONTROL INSTALLATION 

A. Install thermostats in hot-water return piping. 

B. Install timers where indicated on Drawings. 
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3.4 CONNECTIONS 

A. Piping installation requirements are specified in other Division 20 and 22 Sections. 
Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to pumps to allow service and maintenance. 

C. Connect domestic water piping to pumps. Install suction and discharge piping equal 
to or greater than size of pump nozzles. Refer to Division 22 Section "Domestic 
Water Piping." 

1. Install flexible connectors adjacent to pumps in suction and discharge piping of 
the following pumps: 

a. Separately coupled, in-line centrifugal pumps. 
b. Separately coupled, horizontally mounted, in-line centrifugal pumps. 
c. Close-coupled, horizontally mounted, in-line centrifugal pumps. 
d. Close-coupled, vertically mounted, in-line centrifugal pumps. 

2. Install shutoff valve and strainer on suction side of pumps, and check valve and 
throttling valve on discharge side of pumps. Install valves same size as 
connected piping. Refer to Division 20 Section "Valves" for general-duty valves 
for domestic water piping and Division 22 Section "Domestic Water Piping 
Specialties" for strainers. 

3. Install pressure gages at suction and discharge of pumps. Install at integral 
pressure-gage tappings where provided or install pressure-gage connectors in 
suction and discharge piping around pumps. Refer to Division 20 Section 
"Meters and Gages" for pressure gages and gage connectors. 

D. Ground equipment according to Division 26 Section "Grounding and Bonding." 

E. Connect wiring according to Division 26 Section "Conductors and Cables." 

F. Connect to pumps that they control. 

G. Interlock pump with water heater burner and time delay relay. 

END OF SECTION 221123 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements”. 
2. Division 20 Section “Basic Mechanical Materials and Methods”. 
3. Division 22 Section “Drainage Piping Specialties”. 
4. Division 22 Section "Chemical-Waste Piping" for chemical-waste and vent 

piping systems. 
5. Division 22 Section "Sewage Pumps." 
6. Division 22 Section “Sanitary Waste and Vent Piping” for piping outside 

building. 

1.2 DEFINITIONS 

A. ABS: Acrylonitrile-butadiene-styrene plastic. 

B. EPDM: Ethylene-propylene-diene terpolymer rubber. 
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C. LLDPE: Linear, low-density polyethylene plastic. 

D. NBR: Acrylonitrile-butadiene rubber. 

E. PE: Polyethylene plastic. 

F. PVC: Polyvinyl chloride plastic. 

G. TPE: Thermoplastic elastomer. 

1.3 SYSTEMS DESCRIPTIONS 

A. Sanitary waste and vent piping system materials are scheduled on the Drawing. 

1.4 ACTION SUBMITTALS 

A. Product Data: For pipe, tube, fittings, and couplings. 

1.5 CLOSEOUT SUBMITTALS 

A. Field quality-control inspection and test reports. 

1.6 QUALITY ASSURANCE 

A. Piping materials shall bear label, stamp, or other markings of specified testing 
agency. 

B. Cast-iron soil pipe shall be marked with the collective trademark of Cast Iron Soil 
Pipe Institute (CISPI). 

C. Comply with NSF 14, "Plastics Piping Systems Components and Related Materials," 
for plastic piping components. Include marking with "NSF-dwv" for plastic drain, 
waste, and vent piping; "NSF-drain" for plastic drain piping; "NSF-tubular" for plastic 
continuous waste piping; and "NSF-sewer" for plastic sewer piping. 

1.7 PROJECT CONDITIONS 

A. Interruption of Existing Sanitary Waste Service: Do not interrupt service to facilities 
occupied by Owner or others unless permitted under the following conditions and 
then only after arranging to provide temporary service according to requirements 
indicated: 

1. Notify Construction Manager no fewer than two days in advance of proposed 
interruption of sanitary waste service. 

2. Do not proceed with interruption of sanitary waste service without 
Construction Manager's written permission. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 HUBLESS CAST-IRON SOIL PIPE AND FITTINGS 

A. Pipe and Fittings: ASTM A 888 or CISPI 301. 

B. Heavy-Duty, Hubless-Piping Couplings: 

1. Manufacturers: 

a. ANACO-Husky; McWane Plumbing Group; SD 4000. 
b. Ferguson Enterprises, Inc.; ProFlo (Private labeled IDEAL-TRIDON). 
c. IDEAL-TRIDON; Heavy-Duty “HD” No-Hub Couplings. 
d. Norma Group; Clamp-All Products; HI-TORQ 125. 

2. Standards: ASTM C 1277 and ASTM C 1540, or ASTM C 1277 and FM 1680 Class 
I. 

3. Description: Stainless-steel shield with stainless-steel bands and tightening 
devices; and ASTM C 564, rubber sleeve with integral, center pipe stop. 

2.3 COPPER TUBE AND FITTINGS 

A. Copper DWV Tube: ASTM B 306, drainage tube, drawn temper. 

1. Copper Drainage Fittings: ASME B16.23, cast copper or ASME B16.29, wrought 
copper, solder-joint fittings. 

B. Hard Copper Tube: ASTM B 88, Types M, water tube, drawn temper. 

1. Copper Pressure Fittings: ASME B16.18, cast-copper-alloy or ASME B16.22, 
wrought-copper, solder-joint fittings. Furnish wrought-copper fittings if 
indicated. 

2. Copper Flanges: ASME B16.24, Class 150, cast copper with solder-joint end. 
3. Copper Unions: MSS SP-123, copper-alloy, hexagonal-stock body with ball-and-

socket, metal-to-metal seating surfaces, and solder-joint or threaded ends. 

C. Hard Copper Tube: ASTM B 88, Types L, water tube, drawn temper. 

1. Copper Pressure Fittings: ASME B16.18, cast-copper-alloy or ASME B16.22, 
wrought-copper, solder-joint fittings. Furnish wrought-copper fittings if 
indicated. 

2. Copper Flanges: ASME B16.24, Class 150, cast copper with solder-joint end. 
3. Copper Unions: MSS SP-123, copper-alloy, hexagonal-stock body with ball-and-

socket, metal-to-metal seating surfaces, and solder-joint or threaded ends. 
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2.4 PVC PIPE AND FITTINGS 

A. Solid-Wall PVC Pipe: Schedule 40, ASTM D 2665, drain, waste, and vent. 

1. PVC Socket Fittings: ASTM D 2665, socket type, made to ASTM D 3311, drain, 
waste, and vent patterns and to fit Schedule 40 pipe. 

2.5 SPECIALTY PIPE FITTINGS 

A. Flexible, Nonpressure Pipe Couplings: Comply with ASTM C 1173, elastomeric, sleeve-
type, reducing or transition pattern. Include shear ring, ends of same sizes as piping 
to be joined, and corrosion-resistant-metal tension band and tightening mechanism 
on each end. 

1. Manufacturers: 

a. Dallas Specialty & Mfg. Co. 
b. Fernco, Inc. 
c. Logan Clay Products Company (The). 
d. Mission Rubber Co. 
e. NDS, Inc. 
f. Plastic Oddities, Inc. 

2. Sleeve Materials: 

a. For Cast-Iron Soil Pipes: ASTM C 564, rubber. 
b. For Plastic Pipes: ASTM F 477, elastomeric seal or ASTM D 5926, PVC. 
c. For Dissimilar Pipes: ASTM D 5926, PVC or other material compatible 

with pipe materials being joined. 

B. Shielded Nonpressure Pipe Couplings: ASTM C 1460, elastomeric or rubber sleeve 
with full-length, corrosion-resistant outer shield and corrosion-resistant-metal 
tension band and tightening mechanism on each end. 

1. Manufacturers: 

a. Cascade Waterworks Mfg. Co. 
b. Mission Rubber Co. 

C. Rigid, Unshielded, Nonpressure Pipe Couplings: ASTM C 1461, sleeve-type reducing- 
or transition-type mechanical coupling molded from ASTM C 1440, TPE material with 
corrosion-resistant-metal tension band and tightening mechanism on each end. 

1. Manufacturers: 

a. ANACO. 

D. Pressure Pipe Couplings: AWWA C219 metal, sleeve-type same size as, with pressure 
rating at least equal to, and ends compatible with, pipes to be joined. 

1. Manufacturers: 

a. Cascade Waterworks Mfg. Co. 
b. Dresser, Inc.; DMD Div. 
c. Ford Meter Box Company, Inc. (The); Pipe Products Div. 
d. JCM Industries, Inc. 
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e. Smith-Blair, Inc. 
f. Viking Johnson. 

2. Center-Sleeve Material: Manufacturer's standard. 
3. Gasket Material: Natural or synthetic rubber. 
4. Metal Component Finish: Corrosion-resistant coating or material. 

E. Wall-Penetration Fittings: Compound, ductile-iron coupling fitting with sleeve and 
flexing sections for up to 20-degree deflection, gaskets, and restrained-joint ends 
complying with AWWA C110 or AWWA C153. Include AWWA C111, ductile-iron 
glands, rubber gaskets, and steel bolts. 

1. Manufacturers: 

a. SIGMA Corp. 

PART 3 - EXECUTION 

3.1 EXCAVATION 

A. Comply with requirements in Division 31 Section “Earth Moving” for excavating, 
trenching, and backfilling. 

3.2 PIPING SYSTEM INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement 
of piping systems. Indicated locations and arrangements were used to size pipe and 
calculate friction loss, expansion, pump sizing, and other design considerations. 
Install piping as indicated unless deviations to layout are approved on coordination 
drawings. 

B. Sanitary sewer piping outside the building is specified in Division 22 Section 
"Sanitary Sewerage." 

C. Basic piping installation requirements are specified in Division 20 Section "Basic 
Mechanical Materials and Methods." 

D. Install cleanouts at grade and extend to where building sanitary drains connect to 
building sanitary sewers. 

E. Install cleanout fitting with closure plug inside the building in sanitary force-main 
piping. 

F. Install cast-iron sleeve with water stop and mechanical sleeve seal at each service 
pipe penetration through foundation wall. Select number of interlocking rubber links 
required to make installation watertight. Sleeves and mechanical sleeve seals are 
specified in Division 20 Section "Basic Mechanical Materials and Methods." 

G. Install cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and Fittings 
Handbook," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings." 

H. Make changes in direction for soil and waste drainage and vent piping using 
appropriate branches, bends, and long-sweep bends. Sanitary tees and short-sweep 
1/4 bends may be used on vertical stacks if change in direction of flow is from 
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horizontal to vertical. Use long-turn, double Y-branch and 1/8-bend fittings if 2 
fixtures are installed back to back or side by side with common drain pipe. Straight 
tees, elbows, and crosses may be used on vent lines. Do not change direction of flow 
more than 90 degrees. Use proper size of standard increasers and reducers if pipes 
of different sizes are connected. Reducing size of drainage piping in direction of flow 
is prohibited. 

I. Lay buried building drainage piping beginning at low point of each system. Install 
true to grades and alignment indicated, with unbroken continuity of invert. Place hub 
ends of piping upstream. Install required gaskets according to manufacturer's written 
instructions for use of lubricants, cements, and other installation requirements. 
Maintain swab in piping and pull past each joint as completed. 

J. Install soil and waste drainage and vent piping at the following minimum slopes, 
unless otherwise indicated: 

1. Building Sanitary Drain: 1/8-inch per foot downward in direction of flow, unless 
otherwise noted. 

2. Horizontal Sanitary Drainage Piping: 1/8-inch per foot downward in direction of 
flow, unless otherwise noted. 

3. Vent Piping: 1/8-inch per foot down toward vertical fixture vent or toward vent 
stack. 

K. Sleeves are not required for cast-iron soil piping passing through concrete slabs-on-
grade if slab is without membrane waterproofing. 

L. Install PVC soil and waste drainage and vent piping according to ASTM D 2665. 

M. Install underground PVC soil and waste drainage piping according to ASTM D 2321. 

N. Do not enclose, cover, or put piping into operation until it is inspected and approved 
by authorities having jurisdiction. 

3.3 JOINT CONSTRUCTION 

A. Basic piping joint construction requirements are specified in Division 20 Section 
"Basic Mechanical Materials and Methods." 

B. Join hub-and-spigot, cast-iron soil piping with gasket joints according to CISPI's 
"Cast Iron Soil Pipe and Fittings Handbook" for compression joints. 

C. Join hub-and-spigot, cast-iron soil piping with calked joints according to CISPI's 
"Cast Iron Soil Pipe and Fittings Handbook" for lead and oakum calked joints. 

D. Join hubless cast-iron soil piping according to CISPI 310 and CISPI's "Cast Iron Soil 
Pipe and Fittings Handbook" for hubless-coupling joints. 

E. Join stainless-steel pipe and fittings with gaskets according to ASME A112.3.1. 

F. PVC Nonpressure Piping Joints: Join piping according to ASTM D 2665. 

3.4 SPECIALTY PIPE FITTING INSTALLATION 

A. Transition Couplings: 
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1. Install transition couplings at joints of piping with small differences in OD's. 
2. In Drainage Piping: Unshielded, nonpressure transition couplings. 

3.5 VALVE INSTALLATION 

A. General valve installation requirements are specified in Division 20 Section "Valves." 

B. Shutoff Valves: Install shutoff valve on each sewage pump discharge. 

1. Install gate or full-port ball valve for piping NPS 2 and smaller. 
2. Install gate valve or butterfly valve for piping NPS 2-1/2 and larger. 

C. Check Valves: Install swing check valve, between pump and shutoff valve, on each 
sewage pump discharge. 

1. Horizontal Piping: Horizontal backwater valves. Use normally closed type, 
unless otherwise indicated. 

2. Floor Drains: Drain outlet backwater valves, unless drain has integral backwater 
valve. 

3. Install backwater valves in accessible locations. 
4. Backwater valves are specified in Division 22 Section "Drainage Piping 

Specialties." 

3.6 HANGER AND SUPPORT INSTALLATION 

A. Pipe hangers and supports are specified in Division 20 Section "Hangers and 
Supports." Install the following: 

1. Vertical Piping: MSS Type 8 or Type 42, clamps. 
2. Install individual, straight, horizontal piping runs according to the following: 

a. 100 Feet and Less: MSS Type 1, adjustable, steel clevis hangers. 
b. Longer Than 100 Feet: MSS Type 43, adjustable roller hangers. 
c. Longer Than 100 Feet, if Indicated: MSS Type 49, spring cushion rolls. 

3. Multiple, Straight, Horizontal Piping Runs 100 Feet or Longer: MSS Type 44, 
pipe rolls. Support pipe rolls on trapeze. 

4. Base of Vertical Piping: MSS Type 52, spring hangers. 

B. Install supports according to Division 20 Section "Hangers and Supports." 

C. Support vertical piping and tubing at base and at each floor. 

D. Rod diameter may be reduced 1 size for double-rod hangers, with 3/8-inch minimum 
rods. 

E. Install hangers for cast-iron soil piping with the following maximum horizontal 
spacing and minimum rod diameters: 

1. NPS 1-1/2 and NPS 2: 60 inches with 3/8-inch rod. 
2. NPS 3: 60 inches with 1/2-inch rod. 
3. NPS 4 and NPS 5: 60 inches with 5/8-inch rod. 
4. NPS 6 and NPS 8: 60 inches with 3/4-inch rod. 
5. NPS 10 and NPS 12: 60 inches with 7/8-inch rod. 
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F. Install supports for vertical cast-iron soil piping every 15 feet. 

G. Install hangers for steel piping with the following maximum horizontal spacing and 
minimum rod diameters: 

1. NPS 1-1/4: 84 inches with 3/8-inch rod. 
2. NPS 1-1/2: 108 inches with 3/8-inch rod. 
3. NPS 2: 10 feet with 3/8-inch rod. 
4. NPS 2-1/2: 11 feet with 1/2-inch rod. 
5. NPS 3: 12 feet with 1/2-inch rod. 
6. NPS 4 and NPS 5: 12 feet with 5/8-inch rod. 
7. NPS 6 and NPS 8: 12 feet with 3/4-inch rod. 
8. NPS 10 and NPS 12: 12 feet with 7/8-inch rod. 

H. Install supports for vertical steel piping every 15 feet. 

I. Install hangers for copper tubing with the following maximum horizontal spacing and 
minimum rod diameters: 

1. NPS 1-1/4: 72 inches with 3/8-inch rod. 
2. NPS 1-1/2 and NPS 2: 96 inches with 3/8-inch rod. 
3. NPS 2-1/2: 108 inches with 1/2-inch rod. 
4. NPS 3 to NPS 5: 10 feet with 1/2-inch rod. 
5. NPS 6: 10 feet with 5/8-inch rod. 
6. NPS 8: 10 feet with 3/4-inch rod. 

J. Install supports for vertical copper tubing every 10 feet. 

K. Support piping and tubing not listed above according to MSS SP-69 and 
manufacturer's written instructions. 

3.7 CONNECTIONS 

A. Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Connect soil and waste piping to exterior sanitary sewerage piping. Use transition 
fitting to join dissimilar piping materials. 

C. Connect drainage and vent piping to the following: 

1. Plumbing Fixtures: Connect drainage piping in sizes indicated, but not smaller 
than required by plumbing code. 

2. Plumbing Fixtures and Equipment: Connect atmospheric vent piping in sizes 
indicated, but not smaller than required by authorities having jurisdiction. 

3. Plumbing Specialties: Connect drainage and vent piping in sizes indicated, but 
not smaller than required by plumbing code. 

4. Equipment: Connect drainage piping as indicated. Provide shutoff valve, if 
indicated, and union for each connection. Use flanges instead of unions for 
connections NPS 2-1/2 and larger. 

D. Connect force-main piping to the following: 

1. Sanitary Sewer: To exterior force main or sanitary manhole. 
2. Sewage Pumps: To sewage pump discharge. 
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3.8 IDENTIFICATION 

A. Identify exposed sanitary waste and vent piping. Comply with requirements for 
identification specified in Division 20 Section "Mechanical Identification." 

3.9 FIELD QUALITY CONTROL 

A. During installation, notify authorities having jurisdiction at least 24 hours before 
inspection must be made. Perform tests specified below in presence of authorities 
having jurisdiction. 

1. Roughing-in Inspection: Arrange for inspection of piping before concealing or 
closing-in after roughing-in and before setting fixtures. 

2. Final Inspection: Arrange for final inspection by authorities having jurisdiction 
to observe tests specified below and to ensure compliance with requirements. 

B. Reinspection: If authorities having jurisdiction find that piping will not pass test or 
inspection, make required corrections and arrange for reinspection. 

C. Reports: Prepare inspection reports and have them signed by authorities having 
jurisdiction. 

D. Test sanitary drainage and vent piping according to procedures of authorities having 
jurisdiction or, in absence of published procedures, as follows: 

1. Test for leaks and defects in new piping and parts of existing piping that have 
been altered, extended, or repaired. If testing is performed in segments, submit 
separate report for each test, complete with diagram of portion of piping 
tested. 

2. Leave uncovered and unconcealed new, altered, extended, or replaced 
drainage and vent piping until it has been tested and approved. Expose work 
that was covered or concealed before it was tested. 

3. Roughing-in Plumbing Test Procedure: Test drainage and vent piping, except 
outside leaders, on completion of roughing-in. Close openings in piping system 
and fill with water to point of overflow, but not less than 10-foot head of water. 
From 15 minutes before inspection starts to completion of inspection, water 
level must not drop. Inspect joints for leaks. 

4. Finished Plumbing Test Procedure: After plumbing fixtures have been set and 
traps filled with water, test connections and prove they are gastight and 
watertight. Plug vent-stack openings on roof and building drains where they 
leave building. Introduce air into piping system equal to pressure of 1-inch wg. 
Use U-tube or manometer inserted in trap of water closet to measure this 
pressure. Air pressure must remain constant without introducing additional air 
throughout period of inspection. Inspect plumbing fixture connections for gas 
and water leaks. 

5. Repair leaks and defects with new materials and retest piping, or portion 
thereof, until satisfactory results are obtained. 

6. Prepare reports for tests and required corrective action. 

3.10 CLEANING 

A. Clean interior of piping. Remove dirt and debris as work progresses. 
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B. Protect drains during remainder of construction period to avoid clogging with dirt 
and debris and to prevent damage from traffic and construction work. 

C. Place plugs in ends of uncompleted piping at end of day and when work stops. 

END OF SECTION 221316 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 
3. Division 22 Section "Plumbing Fixtures" for hair interceptors. 
4. Division 22 Section "Healthcare Plumbing Fixtures" for plaster sink interceptors. 

1.2 DEFINITIONS 

A. ABS: Acrylonitrile-butadiene-styrene plastic. 

B. FRP: Fiberglass-reinforced plastic. 

C. HDPE: High-density polyethylene plastic. 

D. PE: Polyethylene plastic. 
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E. PP: Polypropylene plastic. 

F. PVC: Polyvinyl chloride plastic. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. Include rated capacities, operating 
characteristics, and accessories. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For drainage piping specialties to include in 
operation and maintenance manuals. 

1.5 QUALITY ASSURANCE 

A. Drainage piping specialties shall bear label, stamp, or other markings of specified 
testing agency. 

1.6 COORDINATION 

A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. 
Concrete, reinforcement, and formwork requirements are specified in Division 03. 

B. Coordinate size and location of roof penetrations. 

PART 2 - PRODUCTS 

2.1 CAST-IRON CLEANOUTS 

A. Size: Cleanouts shall be same nominal size as the pipe they serve up to 4 inches. For 
pipes larger than 4 inches nominal size, minimum size of cleanout shall be 4 inches. 

B. Exposed Cast-Iron Cleanouts: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Josam Company; Josam Div.; Series 58910. 
b. MIFAB, Inc.; C1460. 
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.; 4510 Series. 
d. Tyler Pipe; Wade Div. 
e. Watts Drainage Products Inc. 
f. Zurn Plumbing Products Group; Specification Drainage Operation. 

2. Standard: ASME A112.36.2M for cast iron for cleanout test tee. 
3. Body Material: Hub-and-spigot, cast-iron soil pipe T-branch or hubless, cast-iron 

soil pipe test tee as required to match connected piping. 
4. Closure: Countersunk or raised-head, brass or bronze plug with tapered threads. 
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C. Cast-Iron Floor Cleanouts (On-Grade Interior Floor Areas): 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Josam Company; Josam Div. 
b. MIFAB, Inc.; C1220-R. 
c. Sioux Chief Manufacturing Company, Inc. 
d. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.; Model 4023S-F. 
e. Tyler Pipe; Wade Div. 
f. Watts Drainage Products Inc. 
g. Zurn Plumbing Products Group; Specification Drainage Operation. 

2. Standard: ASME A112.36.2M. 
3. Type: Adjustable housing. 
4. Body or Ferrule: Cast iron. 
5. Clamping Device: Not required. 
6. Outlet Connection: Spigot. 
7. Closure: Brass, bronze, or plastic plug with tapered threads. 
8. Adjustable Housing Material: Cast iron with threads, set-screws or other device. 
9. Frame and Cover Material and Finish: Nickel-bronze, copper alloy with scoriated 

cover in service areas, and recessed cover to accept floor finish material in 
finished floor areas. 

10. Frame and Cover Shape: Round. 
11. Top Loading Classification: Medium Duty. 
12. Riser: ASTM A 74, Service class, cast-iron drainage pipe fitting and riser to 

cleanout. 

D. Cast–Iron Floor Cleanouts (Not-On-Grade Interior Floor Areas): 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Josam Company; Josam Div. 
b. MIFAB, Inc.; C-1100-C-R-34. 
c. Sioux Chief Manufacturing Company, Inc. 
d. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.; Model 4333C. 
e. Tyler Pipe; Wade Div. 
f. Watts Drainage Products Inc. 
g. Zurn Plumbing Products Group; Specification Drainage Operation. 

2. Standard: ASME A112.36.2M. 
3. Type: Adjustable housing. 
4. Body or Ferrule: Cast iron. 
5. Clamping Device: Required. 
6. Outlet Connection: Spigot. 
7. Closure: Brass, bronze, or plastic plug with tapered threads. 
8. Adjustable Housing Material: Cast iron with threads, set-screws or other device. 
9. Frame and Cover Material and Finish: Nickel-bronze, copper alloy with scoriated 

cover in service areas, and recessed cover to accept floor finish material in 
finished floor areas. 

10. Frame and Cover Shape: Round. 
11. Top Loading Classification: Medium Duty. 
12. Riser: ASTM A 74, Service class, cast-iron drainage pipe fitting and riser to 

cleanout. 

E. Cast-Iron Wall Cleanouts (Finished Wall Areas): 
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1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Josam Company; Josam Div.; Model 58790-20. 
b. MIFAB,Inc.; C1460-RD. 
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
d. Tyler Pipe; Wade Div. 
e. Watts Drainage Products Inc. 
f. Zurn Plumbing Products Group; Specification Drainage Operation. 

2. Standard: ASME A112.36.2M. Include wall access. 
3. Body: Hub-and-spigot, cast-iron soil pipe T-branch or hubless, cast-iron soil pipe 

test tee as required to match connected piping. 
4. Closure: Countersunk or raised-head, drilled-and-threaded bronze or brass plug 

with tapered threads. 
5. Wall Access: Round, flat, chrome-plated brass or stainless-steel cover plate with 

screw. 
6. Wall Access: Round, nickel-bronze, copper-alloy, or stainless-steel wall-

installation frame and cover. 

2.2 FLOOR DRAINS 

A. Cast-Iron Floor Drains (Toilet Rooms, Labs, and Janitor’s Closet) FD-1: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Josam Company; Josam Div. 
b. MIFAB, Inc. 
c. Sioux Chief Manufacturing Company, Inc.; Finish Line Adjustable Drainage 

System. 
d. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.; Model 2005Y-A. 
e. Tyler Pipe; Wade Div. 
f. Watts Drainage Products Inc. 
g. Zurn Plumbing Products Group; Specification Drainage Operation. 

2. Standard: ASME A112.6.7. 
3. Pattern: Floor drain. 
4. Body Material: Gray iron. 
5. Seepage Flange: Required. 
6. Clamping Device: Required. 
7. Outlet: Bottom unless otherwise noted. 
8. Coating on Interior and Exposed Exterior Surfaces: Enamel. 
9. Top or Strainer Material: Nickel bronze. 
10. Top of Body and Strainer Finish: Nickel bronze. 
11. Top Shape: Round, with vandal proof screws. 
12. Dimensions of Top or Strainer: 7 inch diameter. 
13. Top Loading Classification: Light Duty. 
14. Inlet Fitting: Gray iron, with spigot outlet. 

B. Cast-Iron Floor Drains (Mechanical Rooms, Electrical Rooms, and Penthouses) FD-3: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Josam Company; Josam Div. 
b. MIFAB, Inc. 
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c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.; Model 2142. 
d. Tyler Pipe; Wade Div. 
e. Watts Drainage Products Inc. 
f. Zurn Plumbing Products Group; Specification Drainage Operation. 

2. Standard: ASME A112.6.7. 
3. Pattern: Floor drain. 
4. Body Material: Gray iron. 
5. Seepage Flange: Required. 
6. Clamping Device: Required. 
7. Outlet: Bottom unless otherwise noted. 
8. Coating on Interior and Exposed Exterior Surfaces: Enamel. 
9. Sediment Bucket: 3-3/4 inches deep, slotted sediment bucket with lift bar. 
10. Top or Strainer Material: Cast-iron. 
11. Top Shape: Round. 
12. Dimensions of Top or Strainer: 11-1/2 inch diameter tractor grate, 29 square 

inches of free area.  
13. Top Loading Classification: Heavy Duty. 
14. Outlet Fitting: Gray iron, with spigot outlet. 

2.3 FLOOR SINKS 

A. Stainless-Steel Floor Sink Drains FS-1: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Josam Company; Josam Div. 
b. MIFAB, Inc. 
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.; Model 3006-12. 
d. Tyler Pipe; Wade Div. 
e. Zurn Plumbing Products Group; Specification Drainage Operation. 

2. Standard: ASME A112.6.7. 
3. Outlet: Bottom unless otherwise noted. 
4. Top or Strainer Material: Stainless steel. 
5. Top Shape: Square. 
6. Dimensions of Top or Strainer: 12 inch by 12 inch, 14 gage, Type 304 stainless 

steel ribbed, non-tilt loose set half grate with 1/2 inch square holes and 
perforated stainless steel sediment bucket. 

7. Seepage Flange: Required. 
8. Clamping Device: Required. 

B. Stainless-Steel Floor Sink Drains FS-2: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Josam Company; Josam Div. 
b. MIFAB, Inc. 
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.; Model 3007-NB-

13. 
d. Tyler Pipe; Wade Div. 
e. Watts Drainage Products Inc. 
f. Zurn Plumbing Products Group; Specification Drainage Operation. 

2. Standard: ASME A112.6.7. 
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3. Outlet: Bottom unless otherwise noted. 
4. Top or Strainer Material: Stainless steel. 
5. Top Shape: Square. 
6. Dimensions of Top or Strainer: 12 inch by 12 inch, 14 gage, Type 304 stainless 

steel ribbed, non-tilt loose set 3/4-grate with 1/2 inch square holes and domed 
bottom strainer. 

7. Seepage Flange: Required. 
8. Anchor Flange: 6 inch deep body. 
9. Clamping Device: Required. 

C. Cast-Iron Floor Sink Drains FS-3: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Josam Company; Josam Div. 
b. MIFAB, Inc. 
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.; Model 2632. 
d. Tyler Pipe; Wade Div. 
e. Watts Drainage Products Inc. 
f. Zurn Plumbing Products Group; Specification Drainage Operation. 

2. Standard: ASME A112.6.7. 
3. Pattern: Floor drain. 
4. Body Material: Gray iron. 
5. Seepage Flange: Required. 
6. Clamping Device: Required. 
7. Outlet: Bottom. 
8. Coating on Interior and Exposed Exterior Surfaces: Enamel. 
9. Top or Strainer Material: Gray iron. 
10. Top of Body and Strainer Finish: Gray iron. 
11. Top Shape: Square. 
12. Dimensions of Top or Strainer: 10 inch by 10 inch, having 28 square inches of free 

area, and with flat bottom strainer. 
13. Top Loading Classification: Light Duty. 
14. Outlet Connection: Gray iron, with spigot outlet. 

D. Cast-Iron Floor Sink Drains FS-4: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Josam Company; Josam Div. 
b. MIFAB, Inc. 
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
d. Tyler Pipe; Wade Div. 
e. Watts Drainage Products Inc. 
f. Zurn Plumbing Products Group; Specification Drainage Operation; Z1960-

4. 

2. Standard: ASME A112.6.7. 
3. Pattern: Floor drain. 
4. Body Material: Gray iron. 
5. Seepage Flange: Required. 
6. Clamping Device: Required. 
7. Outlet: Bottom. 
8. Coating on Interior and Exposed Exterior Surfaces: Acid resistant enamel. 
9. Top Material: Gray iron. 
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10. Strainer: ABS anti-splash interior bottom dome strainer. 
11. Top Shape: Round. 
12. Grate: Full light-duty grate with square center opening. 
13. Dimensions: 8 inch diameter by 6 inches deep. 
14. Outlet Connection: Gray iron, with spigot outlet. 

2.4 CHANNEL DRAINAGE SYSTEMS LD-1 

A. Stainless-Steel Channel Drainage Systems: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Blucher Drainage Systems; a Watts Water Technologies Company. 
b. Eric’sons, Inc.; Dura Trench. 
c. MultiDrain Systems. 
d. Zurn Plumbing Products Group; Flo-Thru Operation. 

2. Type: Modular system of stainless-steel channel sections, grates, and 
appurtenances; designed so grates fit into channel recesses without rocking or 
rattling. 

a. Channel Sections: Interlocking-joint, stainless steel with level invert. 

1) Dimensions: 6 inches wide. Include number of units required to form 
total lengths indicated. 

b. Grates: Manufacturer's designation "medium duty," with slots or 
perforations, and of width and thickness that fit recesses in channels. 

1) Material: Stainless steel. 
2) Locking Mechanism: Manufacturer's standard device for securing 

grates to channel sections. 

c. Covers: Solid stainless steel, of width and thickness that fit recesses in 
channels, and of lengths indicated. 

d. Supports, Anchors, and Setting Devices: Manufacturer's standard, unless 
otherwise indicated. 

e. Channel-Section Joining and Fastening Materials: As recommended by 
system manufacturer. 

2.5 AUTOMATIC DRAIN TEMPERING VALVE 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. Therm-Omega-Tech, Inc.; DTV Drain Tempering Valve. 

B. Body Material: Brass. 

C. Internal Components: 300 Series stainless steel. 

D. Seat Seal: PTFE. 

E. Thermal Actuator: Spring operated and clog-resistant. 
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F. Maximum Inlet Pressure Limits: 125 psig maximum working pressure. 

G. Maximum Temperature: 250 deg F maximum working temperature. 

2.6 ROOF FLASHING ASSEMBLIES 

A. Roof Flashing Assemblies: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Acorn Engineering Company; Elmdor/Stoneman Div. 
b. Thaler Metal Industries Ltd. 

B. Description: Manufactured assembly consisting of metal flashing collar and skirt 
extending at least 6 inches from pipe, with boot reinforcement and counterflashing 
fitting. 

1. Open-Top Vent Cap: Without cap. 
2. Low-Silhouette Vent Cap: With vandal-proof vent cap. 
3. Extended Vent Cap: With field-installed, vandal-proof vent cap. 

2.7 ROOF DRAINS 

A. Metal Combination Primary/Secondary Roof Drains, RD-1: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Froet Industries LLC; 100C Series. 
b. Watts Drainage Products Inc.; RD-700. 

2. Standard: ASME A112.6.4 and IAPMO IGC 187-2003. 
3. Pattern: Bi-functional roof drain and overflow drain. 
4. Body Material: Cast iron. 
5. Outlets: 

a. Bottom overflow outlet.  
b. Side or angle primary outlet. 

6. Dome Material: Cast iron or ductile iron. 
7. Overflow Strainer: Debris strainer for overflow pipe 
8. Sump Receiver: Required. 
9. Extension Collars: Required. 
10. Underdeck Clamp: Required.  
11. Roof Drain Options: 

a. Low Profile Roof Drain: 4-inch overflow height 
b. Finishing Ring: Recessed ring to allow the drain body to be installed in flush 

configuration, or to be used to install drain with extensions used to adjust 
for thicker deck sections. 

c. IRMA Guard: 4-inch high Type 304 stainless steel perforated gravel guard 
(attaches to drain ring to prevent ballast and debris from entering drain 
area when installed with an IRMA roofing system. 
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d. Deck Mounting Plate: Allows drain to be direct mounted to plate and 
eliminates need for deck clamp. 

B. Scupper Roof Drains RD-4: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Josam Company; Josam Div. 
b. MIFAB, Inc. 
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
d. Tyler Pipe; Wade Div. 
e. Watts Drainage Products Inc. 
f. Zurn Plumbing Products Group; Specification Drainage Operation. 

2. Standard: ASME A112.6.4. 
3. Pattern: Scupper drain. 
4. Body Material: Cast iron. 
5. Grate: Angle style secured grate with vandal proof screws. Nickel bronze with 

rectangular holes. 
6. Outlet: 45 degree, threaded, unless otherwise noted. 
7. Flashing Clamp: Required. 

2.8 MISCELLANEOUS DRAINAGE PIPING SPECIALTIES 

A. Hub Outlets: 

1. Description: Shop or field fabricate from ASTM A 74, Service class, hub-and-
spigot, cast-iron, soil-pipe fittings. Include P-trap, hub-and-spigot riser section; 
and where required, increaser fitting joined with ASTM C 564, rubber gaskets. 

2. Size: Same as connected waste piping. 

B. Air-Gap Fittings: 

1. Standard: ASME A112.1.2, for fitting designed to ensure fixed, positive air gap 
between installed inlet and outlet piping. 

2. Body: Bronze or cast iron. 
3. Inlet: Opening in top of body. 
4. Outlet: Larger than inlet. 
5. Size: Same as connected waste piping and with inlet large enough for associated 

indirect waste piping. 

C. Stack Flashing Fittings: 

1. Description: Counterflashing-type, cast-iron fitting, with bottom recess for 
terminating roof membrane, and with threaded or hub top for extending vent 
pipe. 

2. Size: Same as connected stack vent or vent stack. 

D. Vent Caps: 

1. Description: Cast-iron body with threaded or hub inlet and vandal-proof design. 
Include vented hood and setscrews to secure to vent pipe. 

2. Size: Same as connected stack vent or vent stack. 

E. Downspout Boots: 
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1. Description: Manufactured, ASTM A 48/A 48M, gray-iron casting, with strap or 
ears for attaching to building; NPS 4 outlet; and shop-applied bituminous 
coating. 

2. Size: Inlet size to match downspout. 
3. Description: ASTM A 74, Service class, hub-and-spigot, cast-iron soil pipe. 
4. Size: Same as or larger than connected downspout. 

F. Conductor Nozzles DNZ-1: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Josam Company; Josam Div. 
b. MIFAB, Inc. 
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.; Model 1770-NB-BS. 
d. Tyler Pipe; Wade Div. 
e. Watts Drainage Products Inc.; RD-940-83. 
f. Zurn Plumbing Products Group; Specification Drainage Operation. 

2. Description: Bronze body with threaded inlet, bronze wall flange with mounting 
holes, and bird screen. 

3. Size: Same as connected conductor. 

G. Downspout Covers DC-1: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.; Fig. No. 1775. 
b. Zurn Plumbing Products Group; Specification Drainage Operation; Z199-

DC. 

2. Description: Round fabricated stainless steel frame with mounting holes, and 
with fabricated secured perforated stainless steel hinged strainer. 

3. Size: Same as connected conductor. 

2.9 FLASHING MATERIALS 

A. Lead Sheet: ASTM B 749, Type L51121, copper bearing, with the following minimum 
weights and thicknesses, unless otherwise indicated: 

1. General Use: 4.0-lb/sq. ft., 0.0625-inch thickness. 
2. Vent Pipe Flashing: 3.0-lb/sq. ft., 0.0469-inch thickness. 
3. Burning: 6-lb/sq. ft., 0.0938-inch thickness. 

B. Zinc-Coated Steel Sheet: ASTM A 653/A 653M, with 0.20 percent copper content and 
0.04-inch minimum thickness, unless otherwise indicated. Include G90 hot-dip 
galvanized, mill-phosphatized finish for painting if indicated. 

C. Elastic Membrane Sheet: ASTM D 4068, flexible, chlorinated polyethylene, 40-mil 
minimum thickness. 

D. Fasteners: Metal compatible with material and substrate being fastened. 
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E. Metal Accessories: Sheet metal strips, clamps, anchoring devices, and similar 
accessory units required for installation; matching or compatible with material being 
installed. 

F. Solder: ASTM B 32, lead-free alloy. 

G. Bituminous Coating: SSPC-Paint 12, solvent-type, bituminous mastic. 

2.10 GREASE INTERCEPTORS 

A. Grease Interceptors: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Josam Company; Josam Div. 
b. Lowe Engineering; a div. of Highland Tank & Manufacturing Co., Inc. 
c. MIFAB, Inc. 
d. Schier Products Company. 
e. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
f. Tyler Pipe; Wade Div. 
g. Watts Drainage Products Inc. 
h. Zurn Plumbing Products Group. 

2. Standard: ASME A112.14.3, for intercepting and retaining fats, oils, and greases 
from food-preparation or -processing wastewater. 

3. Plumbing and Drainage Institute Seal: Required. 
4. Body Material: Cast iron, steel, or polypropylene. 
5. Interior Lining: Corrosion-resistant enamel for cast iron or steel bodies. Not 

required for polypropylene bodies. 
6. Exterior Coating: Corrosion-resistant enamel for cast iron or steel bodies. Not 

required for polypropylene bodies. 
7. Body Extension: Not required. 
8. Size and Capacities: As indicated on the drawings. 
9. Cleanout: Integra. 
10. Mounting: Above floor. 
11. Flow-Control Fitting: Required. 
12. Operation: Manual cleaning. 

2.11 SOLIDS INTERCEPTORS 

A. General  

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Josam Company; Josam Div. 
b. MIFAB, Inc. 
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
d. Striem. 
e. Tyler Pipe; Wade Div. 
f. Watts Drainage Products Inc. 
g. Zurn Plumbing Products Group; Specification Drainage Operation. 

2. Type: Factory-fabricated interceptor made for removing and retaining sediment 
from wastewater. 
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3. Body Material: Cast iron, steel, or polypropylene. 
4. Interior Separation Device: Baffles. 
5. Interior Lining: Corrosion-resistant enamel for cast iron or steel bodies. Not 

required for polypropylene bodies. 
6. Exterior Coating: Corrosion-resistant enamel for cast iron or steel bodies. Not 

required for polypropylene bodies. 
7. Size and Capacities: As indicated on the drawings. 
8. Mounting: Above floor. 

PART 3 - EXECUTION 

3.1 CONCRETE BASES 

A. Anchor interceptors to concrete bases. 

1. Install dowel rods to connect concrete base to concrete floor. Unless otherwise 
indicated, install dowel rods on 19-inch centers around full perimeter of base. 

2. For installed equipment, install epoxy-coated anchor bolts that extend through 
concrete base and anchor into structural concrete floor. 

3. Place and secure anchorage devices. Use setting drawings, templates, diagrams, 
instructions, and directions furnished with items to be imbedded. 

4. Install anchor bolts to elevations required for proper attachment to supported 
equipment. 

5. Concrete base construction requirements are specified in Division 20 Section 
"Basic Mechanical Materials and Methods." 

6. Cast-in-place concrete materials and placement requirements are specified in 
Division 03. 

3.2 INSTALLATION 

A. Refer to Division 20 Section "Basic Mechanical Materials and Methods" for piping 
joining materials, joint construction, and basic installation requirements. 

B. Install backwater valves in building drain piping. For interior installation, provide 
cleanout deck plate flush with floor and centered over backwater valve cover, and of 
adequate size to remove valve cover for servicing. 

1. Installation of Access Hand Holes: 

a. Install boxes level and plumb and with orientation and depth coordinated 
with connecting piping to minimize bends and deflections required for 
proper entrances. Use box extension if required to match depths of piping, 
and seal joint between box and extension as recommended by the 
manufacturer. 

b. Unless otherwise indicated, support units on a level bed of crushed stone 
or gravel, graded from 1/2-inch sieve to No. 4 sieve and compacted to 
same density as adjacent undisturbed earth. 

C. Install cleanouts in aboveground piping and building drain piping according to the 
following, unless otherwise indicated: 

1. Size same as drainage piping up to NPS 4. Use NPS 4 for larger drainage piping 
unless larger cleanout is indicated. 

2. Locate at each change in direction of piping greater than 45 degrees. 
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3. Locate at minimum intervals of 50 feet for piping NPS 4 and smaller and 100 feet 
for larger piping. 

4. Locate at base of each vertical soil and waste stack. 

D. For floor cleanouts for piping below floors, install cleanout deck plates with top flush 
with finished floor. 

E. For cleanouts located in concealed piping, install cleanout wall access covers, of types 
indicated, with frame and cover flush with finished wall. 

F. Install floor drains at low points of surface areas to be drained. Set grates of drains 
flush with finished floor, unless otherwise indicated. 

1. Position floor drains for easy access and maintenance. 
2. Set floor drains below elevation of surrounding finished floor to allow floor 

drainage. Set with grates depressed according to the following drainage area 
radii: 

a. Radius, 30 Inches or Less: Equivalent to 1 percent slope, but not less than 
1/4-inch total depression. 

b. Radius, 30 to 60 Inches: Equivalent to 1 percent slope. 
c. Radius, 60 Inches or Larger: Equivalent to 1 percent slope, but not greater 

than 1-inch total depression. 

3. Install floor-drain flashing collar or flange so no leakage occurs between drain 
and adjoining flooring. Maintain integrity of waterproof membranes where 
penetrated. 

4. Install individual traps for floor drains connected to sanitary building drain, 
unless otherwise indicated. 

G. Assemble stainless-steel channel drainage system components according to 
manufacturer's written instructions. Install on support devices so that top will be flush 
with adjacent surface. 

H. Install roof flashing assemblies on sanitary stack vents and vent stacks that extend 
through roof. 

I. Install flashing fittings on sanitary stack vents and vent stacks that extend through 
roof. 

J. Install roof drains at low points of roof areas according to roof membrane 
manufacturer's written installation instructions. Roofing materials are specified in 
Division 07. 

1. Install roof-drain flashing collar or flange so that there will be no leakage 
between drain and adjoining roofing. Maintain integrity of waterproof 
membranes where penetrated. 

2. Position roof drains for easy access and maintenance. 

K. Assemble open drain fittings and install with top of hub 2 inches above floor. 

L. Install deep-seal traps on floor drains and other waste outlets, if indicated. 

M. Install floor-drain, trap-seal primer fittings on floor drains that require trap-seal primer 
connection. 

N. Install air-gap fittings on draining-type backflow preventers and on indirect-waste 
piping discharge into sanitary drainage system. 
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O. Install sleeve flashing device with each riser and stack passing through floors with 
waterproof membrane. 

P. Install vent caps on each vent pipe passing through roof. 

Q. Install conductor nozzles at exposed bottom of conductors where they spill onto 
grade. 

R. Install grease interceptors, including trapping, venting, and flow-control fitting, 
according to authorities having jurisdiction and with clear space for servicing. 

1. Above-Floor Installation: Set unit with bottom resting on floor, unless otherwise 
indicated. 

S. Install solids interceptors with cleanout immediately downstream from interceptors 
that do not have integral cleanout on outlet. Install trap on interceptors that do not 
have integral trap and are connected to sanitary drainage and vent systems. 

T. Install wood-blocking reinforcement for wall-mounting-type specialties. 

U. Install traps on plumbing specialty drain outlets. Omit traps on indirect wastes unless 
trap is indicated. 

V. Install escutcheons at wall, floor, and ceiling penetrations in exposed finished locations 
and within cabinets and millwork. Use deep-pattern escutcheons if required to conceal 
protruding pipe fittings. 

W. Install through-penetration firestop assemblies for penetrations of fire- and smoke-
rated assemblies. 

1. Comply with requirements in Division 07 Section "Penetration Firestopping." 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 20 and 22 Sections. 
Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to equipment to allow service and maintenance. 

C. Grease Interceptors: Connect inlet and outlet to unit, and connect flow-control fitting 
and vent to unit inlet piping. Install valve on outlet of automatic drawoff-type unit. 

3.4 FLASHING INSTALLATION 

A. Fabricate flashing from single piece unless large pans, sumps, or other drainage shapes 
are required. Join flashing according to the following if required: 

1. Lead Sheets: Burn joints of lead sheets 6.0-lb/sq. ft., 0.0938-inch thickness or 
thicker. Solder joints of lead sheets 4.0-lb/sq. ft., 0.0625-inch thickness or 
thinner. 

2. Copper Sheets: Solder joints of copper sheets. 

B. Install sheet flashing on pipes, sleeves, and specialties passing through or embedded 
in floors and roofs with waterproof membrane. 
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1. Pipe Flashing: Sleeve type, matching pipe size, with minimum length of 10 inches, 
and skirt or flange extending at least 8 inches around pipe. 

2. Sleeve Flashing: Flat sheet, with skirt or flange extending at least 8 inches around 
sleeve. 

3. Embedded Specialty Flashing: Flat sheet, with skirt or flange extending at least 
8 inches around specialty. 

C. Set flashing on floors and roofs in solid coating of bituminous cement. 

D. Secure flashing into sleeve and specialty clamping ring or device. 

E. Install flashing for piping passing through roofs with counterflashing or commercially 
made flashing fittings, according to Division 07 Section "Sheet Metal Flashing and 
Trim." 

F. Extend flashing up vent pipe passing through roofs and turn down into pipe, or secure 
flashing into cast-iron sleeve having calking recess. 

G. Fabricate and install flashing and pans, sumps, and other drainage shapes. 

3.5 LABELING AND IDENTIFYING 

A. Equipment Nameplates and Signs: Install engraved plastic-laminate equipment 
nameplate or sign on or near each of the following: 

1. Solids interceptors. 
2. Grease interceptors. 

B. Distinguish among multiple units, inform operator of operational requirements, 
indicate safety and emergency precautions, and warn of hazards and improper 
operations, in addition to identifying unit. Nameplates and signs are specified in 
Division 20 Section "Mechanical Identification." 

3.6 PROTECTION 

A. Protect drains during remainder of construction period to avoid clogging with dirt or 
debris and to prevent damage from traffic or construction work. 

B. Place plugs in ends of uncompleted piping at end of each day or when work stops. 

END OF SECTION 221319 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 
3. Division 22 Section “Drainage Piping Specialties.” 
4. Division 22 Section "Sump Pumps." 
5. Division 33 Section “Storm Utility Drainage Piping” for piping outside building. 

1.2 DEFINITIONS 

A. ABS: Acrylonitrile-butadiene-styrene plastic. 

B. LLDPE: Linear, low-density polyethylene plastic. 

C. PE: Polyethylene plastic. 

D. PVC: Polyvinyl chloride plastic. 

E. TPE: Thermoplastic elastomer. 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
STORM DRAINAGE PIPING  221413 - 2 

1.3 PERFORMANCE REQUIREMENTS 

A. Components and installation shall be capable of withstanding the following minimum 
working-pressure, unless otherwise indicated: 

1. Storm Drainage Piping: 10-foot head of water. 

1.4 SYSTEMS DESCRIPTIONS 

A. Storm drainage piping system materials are scheduled on the Drawing. 

1.5 ACTION SUBMITTALS 

A. Product Data: For pipe, tube, fittings, and couplings. 

1.6 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: 

1.7 CLOSEOUT SUBMITTALS 

A. Field quality-control inspection and test reports. 

1.8 QUALITY ASSURANCE 

A. Piping materials shall bear label, stamp, or other markings of specified testing agency. 

B. Cast-iron soil pipe shall be marked with the collective trademark of Cast Iron Soil Pipe 
Institute (CISPI). 

C. Comply with NSF 14, "Plastics Piping Systems Components and Related Materials," for 
plastic piping components. Include marking with “NSF-dwv” for plastic drain, waste, 
and vent piping; "NSF-drain" for plastic drain piping and "NSF-sewer" for plastic sewer 
piping. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 HUBLESS CAST-IRON SOIL PIPE AND FITTINGS 

A. Pipe and Fittings: ASTM A 888 or CISPI 301. 
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B. Heavy-Duty, Hubless-Piping Couplings: 

1. Manufacturers: 

a. ANACO-Husky; McWane Plumbing Group; SD 4000. 
b. Ferguson Enterprises, Inc.; ProFlo (Private labeled IDEAL-TRIDON). 
c. IDEAL-TRIDON; Heavy-Duty “HD” No-Hub Couplings. 
d. Norma Group; Clamp-All Products; HI-TORQ 125. 

2. Standards: ASTM C 1277 and ASTM C 1540, or ASTM C 1277 and FM 1680 Class I. 
3. Description: Stainless-steel shield with stainless-steel bands and tightening 

devices; and ASTM C 564, rubber sleeve with integral, center pipe stop. 

2.3 SPECIAL PIPE FITTINGS 

A. Flexible, Nonpressure Pipe Couplings: Comply with ASTM C 1173, elastomeric, sleeve-
type, reducing or transition pattern. Include shear ring, ends of same sizes as piping to 
be joined, and corrosion-resistant-metal tension band and tightening mechanism on 
each end. 

1. Manufacturers: 

a. Dallas Specialty & Mfg. Co. 
b. Fernco, Inc. 
c. Logan Clay Products Company (The). 
d. Mission Rubber Co. 
e. NDS, Inc. 
f. Plastic Oddities, Inc. 

2. Sleeve Materials: 

a. For Cast-Iron Soil Pipes: ASTM C 564, rubber. 
b. For Plastic Pipes: ASTM F 477, elastomeric seal or ASTM D 5926, PVC. 
c. For Dissimilar Pipes: ASTM D 5926, PVC or other material compatible with 

pipe materials being joined. 

B. Shielded Nonpressure Pipe Couplings: ASTM C 1460, elastomeric or rubber sleeve with 
full-length, corrosion-resistant outer shield and corrosion-resistant-metal tension band 
and tightening mechanism on each end. 

1. Manufacturers: 

a. Cascade Waterworks Mfg. Co. 
b. Mission Rubber Co. 

C. Pressure Pipe Couplings: AWWA C219 metal, sleeve-type same size as, with pressure 
rating at least equal to, and ends compatible with, pipes to be joined. 

1. Manufacturers: 

a. Cascade Waterworks Mfg. Co. 
b. Dresser, Inc.; DMD Div. 
c. EBAA Iron Sales, Inc. 
d. Ford Meter Box Company, Inc. (The); Pipe Products Div. 
e. JCM Industries, Inc. 
f. Romac Industries, Inc. 
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g. Smith-Blair, Inc. 
h. Viking Johnson. 

2. Center-Sleeve Material: Manufacturer's standard. 
3. Gasket Material: Natural or synthetic rubber. 
4. Metal Component Finish: Corrosion-resistant coating or material. 

D. Wall-Penetration Fittings: Compound, ductile-iron coupling fitting with sleeve and 
flexing sections for up to 20-degree deflection, gaskets, and restrained-joint ends 
complying with AWWA C110 or AWWA C153. Include AWWA C111, ductile-iron glands, 
rubber gaskets, and steel bolts. 

1. Manufacturers: 

a. SIGMA Corp. 

PART 3 - EXECUTION 

3.1 EXCAVATION 

A. Refer to Division 31 Section "Earthwork" for excavating, trenching, and backfilling. 

3.2 PIPING SYSTEM INSTALLATION 

A. Storm sewer and drainage piping outside the building are specified in Division 33 
Section "Storm Drainage." 

B. Basic piping installation requirements are specified in Division 20 Section "Basic 
Mechanical Materials and Methods." 

C. Install cleanouts at grade and extend to where building storm drains connect to 
building storm sewers. Cleanouts are specified in Division 22 Section "Drainage Piping 
Specialties." 

D. Install cleanout fitting with closure plug inside the building in storm drainage force-
main piping. 

E. Install cast-iron sleeve with water stop and mechanical sleeve seal at each service pipe 
penetration through foundation wall. Select number of interlocking rubber links 
required to make installation watertight. Sleeves and mechanical sleeve seals are 
specified in Division 20 Section "Basic Mechanical Materials and Methods." 

F. Install cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and Fittings 
Handbook," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings." 

G. Make changes in direction for storm piping using appropriate branches, bends, and 
long-sweep bends. Do not change direction of flow more than 90 degrees. Use proper 
size of standard increasers and reducers if pipes of different sizes are connected. 
Reducing size of drainage piping in direction of flow is prohibited. 

H. Lay buried building drain piping beginning at low point of each system. Install true to 
grades and alignment indicated, with unbroken continuity of invert. Place hub ends of 
piping upstream. Install required gaskets according to manufacturer's written 
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instructions for use of lubricants, cements, and other installation requirements. 
Maintain swab in piping and pull past each joint as completed. 

I. Install storm drainage piping at the following minimum slopes, unless otherwise 
indicated: 

1. Building Storm Drain: 1/8-inch per foot downward in direction of flow, unless 
otherwise noted. 

2. Horizontal Storm-Drainage Piping: 1/8-inch per foot downward in direction of 
flow, unless otherwise noted. 

J. Sleeves are not required for cast-iron soil piping passing through concrete slabs-on-
grade if slab is without membrane waterproofing. 

K. Install underground PVC storm drainage piping according to ASTM D 2321. 

L. Do not enclose, cover, or put piping into operation until it is inspected and approved 
by authorities having jurisdiction. 

3.3 JOINT CONSTRUCTION 

A. Basic piping joint construction requirements are specified in Division 20 Section "Basic 
Mechanical Materials and Methods." 

B. Hubless Cast-Iron Soil Piping Coupled Joints: Join according to CISPI 310 and CISPI's 
"Cast Iron Soil Pipe and Fittings Handbook" for hubless-coupling joints. 

C. PVC Nonpressure Piping Joints: Join piping according to ASTM D 2665. 

3.4 VALVE INSTALLATION 

A. General valve installation requirements are specified in Division 20 Section "Valves." 

3.5 HANGER AND SUPPORT INSTALLATION 

A. Pipe hangers and supports are specified in Division 20 Section "Hangers and 
Supports." Install the following: 

1. Vertical Piping: MSS Type 8 or Type 42, clamps. 
2. Individual, Straight, Horizontal Piping Runs: According to the following: 

a. 100 Feet and Less: MSS Type 1, adjustable, steel clevis hangers. 
b. Longer Than 100 Feet: MSS Type 43, adjustable roller hangers. 
c. Longer Than 100 Feet, if Indicated: MSS Type 49, spring cushion rolls. 

3. Multiple, Straight, Horizontal Piping Runs 100 Feet or Longer: MSS Type 44, pipe 
rolls. Support pipe rolls on trapeze. 

4. Base of Vertical Piping: MSS Type 52, spring hangers. 

B. Install supports according to Division 20 Section "Hangers and Supports." 

C. Support vertical piping and tubing at base and at each floor. 
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D. Rod diameter may be reduced 1 size for double-rod hangers, with 3/8-inch minimum 
rods. 

E. Install hangers for cast-iron soil piping with the following maximum horizontal spacing 
and minimum rod diameters: 

1. NPS 1-1/2 and NPS 2: 60 inches with 3/8-inch rod. 
2. NPS 3: 60 inches with 1/2-inch rod. 
3. NPS 4 and NPS 5: 60 inches with 5/8-inch rod. 
4. NPS 6: 60 inches with 3/4-inch rod. 
5. NPS 8 to NPS 12: 60 inches with 7/8-inch rod. 
6. Spacing for 10-foot lengths may be increased to 10 feet. Spacing for fittings is 

limited to 60 inches. 

F. Install supports for vertical cast-iron soil piping every 15 feet. 

G. Install hangers for steel piping with the following maximum horizontal spacing and 
minimum rod diameters: 

1. NPS 1-1/4: 84 inches with 3/8-inch rod. 
2. NPS 1-1/2: 108 inches with 3/8-inch rod. 
3. NPS 2: 10 feet with 3/8-inch rod. 
4. NPS 2-1/2: 11 feet with 1/2-inch rod. 
5. NPS 3: 12 feet with 1/2-inch rod. 
6. NPS 4 and NPS 5: 12 feet with 5/8-inch rod. 
7. NPS 6: 12 feet with 3/4-inch rod. 
8. NPS 8 to NPS 12: 12 feet with 7/8-inch rod. 

H. Install supports for vertical steel piping every 15 feet. 

I. Support piping and tubing not listed above according to MSS SP-69 and 
manufacturer's written instructions. 

3.6 CONNECTIONS 

A. Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Connect interior storm drainage piping to exterior storm drainage piping. Use 
transition fitting to join dissimilar piping materials. 

C. Connect storm drainage piping to roof drains and storm drainage specialties. 

3.7 FIELD QUALITY CONTROL 

A. During installation, notify authorities having jurisdiction at least 24 hours before 
inspection must be made. Perform tests specified below in presence of authorities 
having jurisdiction. 

1. Roughing-in Inspection: Arrange for inspection of piping before concealing or 
closing-in after roughing-in. 

2. Final Inspection: Arrange for final inspection by authorities having jurisdiction to 
observe tests specified below and to ensure compliance with requirements. 

B. Reinspection: If authorities having jurisdiction find that piping will not pass test or 
inspection, make required corrections and arrange for reinspection. 
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C. Reports: Prepare inspection reports and have them signed by authorities having 
jurisdiction. 

D. Test storm drainage piping according to procedures of authorities having jurisdiction 
or, in absence of published procedures, as follows: 

1. Test for leaks and defects in new piping and parts of existing piping that have 
been altered, extended, or repaired. If testing is performed in segments, submit 
separate report for each test, complete with diagram of portion of piping tested. 

2. Leave uncovered and unconcealed new, altered, extended, or replaced storm 
drainage piping until it has been tested and approved. Expose work that was 
covered or concealed before it was tested. 

3. Test Procedure: Test storm drainage piping on completion of roughing-in. Close 
openings in piping system and fill with water to point of overflow, but not less 
than 10-foot head of water. From 15 minutes before inspection starts to 
completion of inspection, water level must not drop. Inspect joints for leaks. 

4. Repair leaks and defects with new materials and retest piping, or portion thereof, 
until satisfactory results are obtained. 

5. Prepare reports for tests and required corrective action. 

3.8 CLEANING 

A. Clean interior of piping. Remove dirt and debris as work progresses. 

B. Protect drains during remainder of construction period to avoid clogging with dirt and 
debris and to prevent damage from traffic and construction work. 

C. Place plugs in ends of uncompleted piping at end of day and when work stops. 

END OF SECTION 221413 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 
3. Division 22 Section “Sewage Pumps” for applications in sanitary drainage 

systems. 

1.2 SUMMARY 

A. This Section includes sump pumps and accessories, inside the building, for building 
storm drainage systems. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type and size of sump pump specified, include certified 
performance curves with operating points plotted on curves, rated capacities of 
selected models, furnished specialties, and accessories. 
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1.4 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: Diagram power, signal, and control wiring. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For each sump pump to include in operation and 
maintenance manuals. 

1.6 QUALITY ASSURANCE 

A. Product Options: Drawings indicate size, profiles, and dimensional requirements of 
sump pumps and are based on the specific system indicated. Refer to Division 01 
Section "Product Requirements." 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, Article 100, by an NRTL acceptable to authorities having jurisdiction, and 
marked for intended use. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Retain shipping flange protective covers and protective coatings during storage. 

B. Protect bearings and couplings against damage. 

C. Comply with pump manufacturer's written rigging instructions for handling. 

1.8 COORDINATION 

A. Coordinate size and location of concrete basins and pits. Concrete, reinforcement, and 
formwork requirements are specified in Division 03. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 WET-PIT-MOUNTED, VERTICAL SUMP PUMPS 

A. Manufacturers: 

1. Armstrong Pumps Inc. 
2. Aurora Pump; Pentair Pump Group (The). 
3. Crane Pumps & Systems; Deming Pumps. 
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4. Crane Pumps & Systems; Weinman. 
5. Sterling Peerless; Sterling Fluid Systems Group. 
6. Vertiflo Pump Company. 
7. Weil Pump Company, Inc. 

B. Description: Factory-assembled and -tested, single-stage, centrifugal, end-suction 
sump pumps complying with UL 778. Vertical, separately coupled, suspended pumps 
complying with Hydraulic Institute HI 1.1-1.2 and HI 1.3 for wet-pit-volute sump pumps. 

1. Pump Arrangement: Duplex. 
2. Casing: Cast iron, with screened inlet and threaded connection for NPS 2 and 

smaller and flanged connection for NPS 2-1/2 and larger discharge piping. 
3. Impeller: abrasion-resistant cast iron statically and dynamically balanced non-

clog design; overhung, single suction, keyed and secured to shaft. 
4. Pump Shaft and Sleeve Bearings: Stainless-steel shaft with bronze sleeve 

bearings. Include oil-lubricated, intermediate sleeve bearings at 48-inch 
maximum intervals if basin depth is more than 48 inches, and grease-lubricated, 
ball-type thrust bearings. 

5. Pump and Motor Shaft Coupling: Flexible, capable of absorbing torsional 
vibration and shaft misalignment. 

C. Pump Discharge Piping: Refer to Division 22 Section “Storm Drainage Piping.” 

D. Basin Cover: Cast iron or steel with bituminous coating and strong enough to support 
pumps, motors, and controls. See Part 2 "Sump Pump Basins" Article for requirements. 

E. Cover Shaft Seal: Stuffing box, with graphite-impregnated braided-yarn rings and 
bronze packing gland. 

F. Motor: Single speed; grease-lubricated ball bearings. Comply with requirements in 
Division 20 Section "Motors" with built-in thermal-overload protection appropriate for 
motor size and duty. 

1. Mounting: On vertical, cast-iron pedestal. 

G. Controls:  

1. Mount controls in NEMA 250, Type 4X enclosure. Controls shall include: Fused 
disconnect switches and combination magnetic starters with overload 
protection for each phase to protect against single phasing. Three phase units 
shall include control transformer and control circuit fuse. 

a. Minimum SCCR according to UL 508 shall be as indicated on the Drawings, 
whichever is greater. 

2. Furnish an automatic alternator with manual on-off switch to change sequence 
of pump operation on the completion of each pump cycle. 

a. Each motor shall have branch power circuit and controls with one of the 
following disconnecting means having SCCR to match main disconnecting 
means: 

1) NEMA KS 1, heavy-duty, fusible switch with rejection-type fuse clips 
rated for fuses. Select and size fuses to provide Type 2 protection 
according to IEC 60947-4-1. 

2) NEMA KS 1, heavy-duty, nonfusible switch. 
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3) UL 489, motor-circuit protector (circuit breaker) with field-
adjustable, short-circuit trip coordinated with motor locked-rotor 
amperes.] 

3. Mount three position, hand-off-auto, selector switches and magnetic starter 
manual reset push-buttons on the control panel door for manual operation and 
resetting of the magnetic starters. 

4. Station shall be furnished with three, single pole, normally-open NON-mercury 
mechanical float switches with 20 ft. cords, clamps, cord grips, and fasteners for 
pump off/pump on/high-water-alarm operation. The high-water-alarm switch 
shall be mounted as indicated on the Drawings. System shall be complete with 
cover mounting bracket. (1-inch diameter support pole by Contractor.) 

5. Station shall be furnished with four, single pole, normally-open NON-mercury 
mechanical float switches with 20 ft. cords, clamps, cord grips, and fasteners for 
pump off/lead pump on/lag pump on/high-water-alarm operation. The high-
water-alarm switch shall be mounted as indicated on the Drawings. System shall 
be complete with cover mounting bracket. (1-inch diameter support pole by 
Contractor.) 

6. Provide B/W Series 7014 Uni-float level sensing system with the following 
components: 

a. One magnetic float fabricated from Type 316 stainless steel. 
b. Guide tube fabricated from Type 316 stainless steel, with float stop at the 

bottom. Guide tube length should be approximately 12 inches less than the 
sump depth. 

c. Pressure tight weather-proof holder, fabricated from Type 316 stainless 
steel, to support the guide tube from the top of the tank. 

d. Stilling well fabricated from Type 316 stainless steel and extending 3 inches 
past the end of the guide tube. 

e. Type I magnetically latching reed switches suspended at operating level 
control points as defined on the drawings. Reed switches are to have two 
leads with isolated contact, calibrated for use with water. Reed switch 
contacts to operate on level rise shall be normally open. 

7. Provide high water alarm switch, complete with actuating mechanism for 
operation on an electric circuit other than the motor circuit. The switch shall be 
designed to operate indicated alarm device(s) and one set of spare contacts 
whenever a predetermined high-water level is reached in the sump. Provide 
alarm pilot light and alarm bell with silence switch. Mount controls on pedestal 
on the sump cover plate. 

2.3 SUBMERSIBLE SUMP PUMPS 

A. Manufacturers: 

1. ABS Pumps, Inc. 
2. Bell & Gossett; Xylem Inc. 
3. Crane Pumps and Systems; Barnes. 
4. EBARA International Corporation; Standard Pump Division. 
5. Goulds Pumps; Xylem Inc. 
6. Gorman-Rupp Company (The). 
7. Grundfos Pumps Corporation. 
8. Hydromatic. 
9. Little Giant Pump Co. 
10. Metropolitan Industries, Inc. 
11. Weil Pump Company, Inc. 
12. Zoeller Company. 
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B. Description: Factory-assembled and -tested, quick-disconnect, duplex single-stage, 
centrifugal, end-suction, submersible, direct-connected sump pumps complying with 
UL 778 and Hydraulic Institute HI 1.1-1.2 and HI 1.3 for submersible sump pumps. 

C. Casing: Cast iron; with cast-iron inlet strainer, legs that elevate pump to permit flow 
into impeller, and vertical discharge with companion flange for piping connection. 

D. Casing: Stainless steel; with stainless-steel inlet strainer, legs that elevate pump to 
permit flow into impeller, and vertical discharge with companion flange suitable for 
piping connection. 

E. Impeller: ASTM A 532/A 532M, abrasion-resistant cast iron; statically and dynamically 
balanced, semi-open non-clog design, overhung, single suction, keyed and secured to 
shaft. 

F. Pump and Motor Shaft: Stainless steel, with factory-sealed, grease-lubricated ball 
bearings and double-mechanical seals. 

G. Motor: Hermetically sealed, capacitor-start type, with built-in overload protection; 
three-conductor waterproof power cable of length required, and with grounding plug 
and cable-sealing assembly for connection at pump. Comply with requirements in 
Division 20 Section "Motors." 

1. Moisture-Sensing Probe: Internal moisture sensor with moisture alarm. 

H. Pump Discharge Piping: Factory or field fabricated.  Refer to Division 22 Section 
“Storm Drainage Piping.” 

I. Basin Cover: Cast iron or steel with bituminous coating and strong enough to support 
controls. See Part 2 "Sump Pump Basins Pits" Article for other requirements. 

J. Controls:  

1. Mount controls in NEMA 250, Type 4X enclosure. Controls shall include: Fused 
disconnect switches and combination magnetic starters with overload 
protection for each phase to protect against single phasing. Three phase units 
shall include control transformer and control circuit fuse. 

a. Minimum SCCR according to UL 508 shall be as indicated on the Drawings, 
whichever is greater. 

2. Furnish an automatic alternator with manual on-off switch to change sequence 
of pump operation on the completion of each pump cycle. 

a. Each motor shall have branch power circuit and controls with one of the 
following disconnecting means having SCCR to match main disconnecting 
means: 

1) NEMA KS 1, heavy-duty, fusible switch with rejection-type fuse clips 
rated for fuses. Select and size fuses to provide Type 2 protection 
according to IEC 60947-4-1. 

2) NEMA KS 1, heavy-duty, nonfusible switch. 
3) UL 489, motor-circuit protector (circuit breaker) with field-

adjustable, short-circuit trip coordinated with motor locked-rotor 
amperes.] 
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3. Mount three position, hand-off-auto, selector switches and magnetic starter 
manual reset push-buttons on the control panel door for manual operation and 
resetting of the magnetic starters. 

4. Station shall be furnished with four, single pole, normally-open NON-mercury 
mechanical float switches with 20 ft. cords, clamps, cord grips, and fasteners for 
pump off/lead pump on/lag pump on/high-water-alarm operation. The high-
water-alarm switch shall be mounted as indicated on the Drawings. System shall 
be complete with cover mounting bracket. (1-inch diameter support pole by 
Contractor.) 

5. Provide B/W Series 7014 Uni-float level sensing system with the following 
components: 

a. One magnetic float fabricated from Type 316 stainless steel. 
b. Guide tube fabricated from Type 316 stainless steel, with float stop at the 

bottom. Guide tube length should be approximately 12 inches less than the 
sump depth. 

c. Pressure tight weather-proof holder, fabricated from Type 316 stainless 
steel, to support the guide tube from the top of the tank. 

d. Stilling well fabricated from Type 316 stainless steel and extending 3 inches 
past the end of the guide tube. 

6. Provide high water alarm switch, complete with actuating mechanism for 
operation on an electric circuit other than the motor circuit. The switch shall be 
designed to operate indicated alarm device(s) and one set of spare contacts 
whenever a predetermined high-water level is reached in the sump. Provide 
alarm pilot light and alarm bell with silence switch. Mount controls on pedestal 
on the sump cover plate. 

K. Guide-Rail Supports: Include the following for each sump pump: 

1. Guide Rails: Vertical pipes or structural members, made of galvanized steel or 
other corrosion-resistant metal, attached to baseplate and basin sidewall or 
cover. 

2. Baseplate: Corrosion-resistant metal plate, attached to basin floor, supporting 
guide rails and stationary elbow. 

3. Pump Yoke: Motor-mounted or casing-mounted yokes or other attachments for 
aligning pump during connection of flanges. 

4. Movable Elbow: Pump discharge-elbow fitting with flange, seal, and positioning 
device. 

5. Stationary Elbow: Fixed discharge-elbow fitting with flange that mates to 
movable-elbow flange and support attached to baseplate. 

6. Lifting Cable: Stainless Steel; attached to pump and cover at manhole. 

2.4 SUMP PUMP BASINS 

A. Manufacturer: Sump pump and basin are to be provided by the same manufacturer. 

B. Description: Factory fabricated basin with sump, pipe connections, and separate 
cover. 

C. Sump: Fabricate watertight, with sidewall openings for pipe connections. 

1. Material: Fiberglass. 
2. Reinforcement: Mounting plates for pumps, fittings, and accessories. 
3. Anchor Flange: Same material as or compatible with sump, cast in or attached 

to sump, in location and of size required to anchor basin in concrete slab. 
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D. Cover: Fabricate with openings having gaskets, seals, and bushings, for access to 
pumps, pump shafts, control rods, discharge piping, vent connections, and power 
cables. 

1. Material: Cast iron or steel. 
2. Reinforcement: Steel or cast iron, capable of supporting foot traffic for basins 

installed in foot-traffic areas. 

E. Capacity and Characteristics: 

1. Refer to Drawings for capacity and characteristics. 

2.5 BUILDING AUTOMATION SYSTEM INTERFACE 

A. Provide auxiliary contacts in pump controllers for interface to building automation 
system. Include the following: 

1. On-off status of each pump. 
2. Alarm status. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine roughing-in of plumbing piping to verify actual locations of storm drainage 
piping connections before sump pump installation. 

3.2 CONCRETE 

A. Install concrete bases of dimensions indicated for pumps and controllers. Refer to 
Division 20 Section "Basic Mechanical Materials and Methods." 

B. Cast-in-place concrete materials and placement requirements are specified in 
Division 03. 

3.3 SUMP PUMP INSTALLATION 

A. Excavating, trenching, and backfilling are specified in Division 31 Section "Earthwork." 

B. Install sump pumps according to applicable requirements in Hydraulic Institute HI 1.4. 

C. Install pumps and arrange to provide access for maintenance including removal of 
motors, impellers, couplings, and accessories. 

D. Suspend wet-pit-mounted, vertical sump pumps from basin and pit covers. Make 
direct connections to storm drainage piping. 

E. Set submersible sump pumps on basin or pit floor. Make direct connections to storm 
drainage piping. 
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F. Install self-priming trash pumps as indicated on the drawings. Make direct connections 
to storm drainage piping. 

G. Install sump pump basins and connect to drainage piping. Brace interior of basins 
according to manufacturer's written instructions to prevent distortion or collapse 
during concrete placement. Set basin cover and fasten to basin top flange. Install cover 
so top surface is flush with finished floor. 

H. Construct sump pump pits and connect to drainage piping. Set pit curb frame recessed 
in and anchored to concrete. Fasten pit cover to pit curb flange. Install cover so top 
surface is flush with finished floor. 

I. Install packaged, submersible, drainage pump unit basins on floor or concrete base 
unless recessed installation is indicated. Make direct connections to storm drainage 
piping. 

J. Support piping so weight of piping is not supported by pumps. 

3.4 CONNECTIONS 

A. Piping installation requirements are specified in Division 22 Section "Storm Drainage 
Piping." Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to sump pumps to allow service and maintenance. 

C. Connect storm drainage piping to pumps. Install discharge piping equal to pump 
discharge connection size. If pump discharge connection size is different from storm 
drainage piping size, provide transition from pump discharge piping size to storm 
drainage piping size. Refer to Division 22 Section “Storm Drainage Piping.” 

1. Install check and shutoff valves on discharge piping from each pump. Install 
unions on pumps having threaded pipe connections. Install valves same size as 
connected piping. Refer to Division 20 Section "Valves" for general-duty valves 
for drainage piping. 

D. Ground equipment according to Division 26 Section "Grounding and Bonding." 

E. Connect wiring according to Division 26 Section "Conductors and Cables." 

3.5 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 

1. Complete installation and startup checks according to manufacturer's written 
instructions. 

2. Verify bearing lubrication. 
3. Disconnect couplings and check motors for proper direction of rotation. 
4. Verify that each pump is free to rotate by hand. If pump is bound or drags, do 

not operate until cause of trouble is determined and corrected. 

B. Start pumps without exceeding safe motor power: 

1. Start motors. 
2. Open discharge valves slowly. 
3. Check general mechanical operation of pumps and motors. 
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C. Test and adjust controls and safeties. 

D. Remove and replace damaged and malfunctioning components. 

1. Pump Controls: Set pump controls for automatic start, stop, and alarm operation 
as required for system application. 

2. Set field-adjustable switches and circuit-breaker trip ranges as indicated, or if 
not indicated, for normal operation. 

E. Occupancy Adjustments: When requested within 12 months of date of Substantial 
Completion, provide on-site assistance in adjusting system to suit actual occupied 
conditions. Provide up to two visits to Project outside normal occupancy hours for this 
purpose. 

3.6 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain controls and pumps. Refer to Division 20 
Section "Mechanical General Requirements." 

END OF SECTION 221429 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Section includes the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 
3. Division 23 Section “Breechings, Chimneys, and Stacks.” 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type and size of water heater indicated. Include rated 
capacities, operating characteristics, furnished specialties, and accessories. 

1.3 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: Detail water heater assemblies and indicate dimensions, weights, 
loads, required clearances, method of field assembly, components, and location and 
size of each field connection 

1. Wiring Diagrams: Power, signal, and control systems. Differentiate between 
manufacturer-installed and field-installed wiring. 

B. Product Certificates: For each type of water heater, signed by product manufacturer. 

C. Source quality-control test reports. 
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1.4 CLOSEOUT SUBMITTALS 

A. Field quality-control test reports. 

B. Operation and Maintenance Data: For water heaters to include in operation and 
maintenance manuals. 

1.5 QUALITY ASSURANCE 

A. Source Limitations: Obtain same type of water heaters through one source from a 
single manufacturer. 

B. Product Options: Drawings indicate size, profiles, and dimensional requirements of 
water heaters and are based on the specific system indicated. Refer to Division 01 
Section "Product Requirements." 

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, Article 100, by a NRTL acceptable to authorities having jurisdiction, and 
marked for intended use. 

D. ASME Compliance: 

1. Where ASME-code construction is indicated, fabricate and label commercial 
water heater storage tanks to comply with ASME Boiler and Pressure Vessel 
Code: Section VIII, Division 1. 

2. Where ASME-code construction is indicated, fabricate and label commercial, 
finned-tube water heaters to comply with ASME Boiler and Pressure Vessel 
Code: Section IV. 

3. Where ASME-code construction is indicated, fabricate and label commercial 
direct-fired storage water heaters to comply with ASME Boiler and Pressure 
Vessel Code: Section IV, HLW. 

E. ASHRAE Standards: Comply with performance efficiencies prescribed for the 
following: 

1. ASHRAE 90.1, “Energy Efficient Design of New Buildings except Low-Rise 
Residential Buildings,” for commercial water heaters. 

F. NSF Compliance: Fabricate and label equipment components that will be in contact 
with potable water to comply with NSF 61 and NSF 372. 

1.6 COORDINATION 

A. Coordinate size and location of concrete bases with Architectural and Structural 
Drawings. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 
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1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 COMMERCIAL, GAS WATER HEATERS 

A. Commercial, Modulating/Condensing, High-Efficiency, Tank-Type Gas Water Heaters: 
Comply with ANSI Z21.10.3/CSA 4.3.   

1. Manufacturer's proprietary design to provide minimum thermal efficiency of 95 
percent at optimum operating conditions. 

2. Manufacturers: 

a. Bock Water Heaters, Inc.; OptiTherm Series 
b. Bradford White Corporation; EF Series. 
c. Heat Transfer Products, Inc. (HTP); Phoenix Series. 
d. Laars Heating Systems; a Subsidiary of Bradford White Corporation; U.H.E. 

Series. 
e. Lochinvar Corporation; Shield and TurboCharger Series. 
f. Rheem Water Heating; Triton Series. 
g. Smith, A. O. Water Products Company; Cyclone Xi Series. 

3. Storage-Tank Construction: ASME-code steel or Type 316L stainless steel with 
150-psig minimum working-pressure rating. 

a. Tappings: Factory fabricated of materials compatible with tank. Attach 
tappings to tank before testing. 

1) NPS 2 and Smaller: Threaded ends according to ASME B1.20.1. 
2) NPS 2-1/2 and Larger: Flanged ends according to ASME B16.5 for 

steel and stainless-steel flanges, and according to ASME B16.24 for 
copper and copper-alloy flanges. 

b. Lining for Steel Tanks: Glass complying with NSF 61 barrier materials for 
potable-water tank linings, including extending lining into and through 
tank fittings and outlets. 

4. Factory-Installed, Storage-Tank Appurtenances: 

a. Anode Rod or Impressed Current Cathodic Protection: Required for glass-
lined tanks. 

b. Dip Tube: Provide unless cold-water inlet is near bottom of tank. 
c. Drain Valve: Corrosion-resistant metal complying with ASSE 1005. 
d. Insulation: Comply with ASHRAE/IESNA 90.1. 
e. Jacket: Plastic, or steel with enameled finish. 
f. Combination Temperature and Pressure Relief Valves: 

ANSI Z21.22/CSA 4.4. Include one or more relief valves with total relieving 
capacity at least as great as heat input, and include pressure setting less 
than water heater working-pressure rating. 

5. Burner and Heat Exchanger:  

a. Pre-mix power burner and submerged combustion chamber. 
b. Helical or spiral heat exchanger coil. 
c. Comply with ANSI Z21.10.3, UL 795 or approved NRTL requirements for 

high-efficiency water heaters and for natural-gas fuel. 
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6. Sealed Combustion/Direct Vent: Combustion air is ducted to the combustion 
chamber from the outdoors. 

7. Temperature Control: Digital display for system monitoring and temperature 
adjustment. 

8. Safety Controls: Automatic, high-temperature-limit and low-water cutoff 
devices or systems. 

9. Energy Management System Interface: Normally closed dry contacts for 
enabling and disabling water heater. 

10. Capacity and Characteristics:  Refer to Schedule on Drawings. 

2.3 EXPANSION TANKS 

A. Description: Steel, pressure-rated tank, ASME-code constructed with welded joints 
and factory-installed, butyl-rubber diaphragm. Include air precharge to minimum 
system-operating pressure at tank. 

1. Manufacturers: 

a. AMTROL Inc. 
b. Armstrong Pumps, Inc. 
c. Bell & Gossett; Xylem Inc. 
d. Taco, Inc. 
e. Wessels Co. 

2. Construction: 

a. Tappings: Factory-fabricated steel, welded to tank before testing and 
labeling. Include ASME B1.20.1 pipe thread. 

b. Interior Finish: Comply with NSF 61 barrier materials for potable-water tank 
linings, including extending finish into and through tank fittings and 
outlets. 

c. Air-Charging Valve: Factory installed. 

3. Capacity and Characteristics:  Refer to Schedule on Drawings. 

2.4 WATER HEATER ACCESSORIES 

A. Gas Shutoff Valves: ANSI Z21.15/CGA 9.1, manually operated. Furnish for installation in 
piping. 

B. Gas Pressure Regulators: ANSI Z21.18, appliance type. Include pressure rating, 
capacity, and pressure differential required between gas supply and water heater. 

C. Gas Automatic Valves: ANSI Z21.21, appliance, electrically operated, on-off automatic 
valve. 

D. Combination Temperature and Pressure Relief Valves: Include relieving capacity at 
least as great as heat input, and include pressure setting less than water heater 
working-pressure rating. Select each relief valve with sensing element that extends 
into storage tank. 

1. Gas Water Heaters: ANSI Z21.22/CSA 4.4. 

E. Pressure Relief Valves: Include pressure setting less than working-pressure rating of 
water heater. 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
CONDENSING FUEL-FIRED DOMESTIC WATER HEATERS 223410 - 5 

1. Gas Water Heaters: ANSI Z21.22/CSA 4.4. 

F. Flue Side Condensate Neutralizer:   

1. Description:  Designed to raise the PH level of flue side condensate to near 
neutral prior to condensate entering the sanitary drainage system.   

2. Materials:  Neutralizer constructed of PVC pipe and fittings mounted on channel 
strut base with galvanized or stainless steel clamps and hardware; and charged 
with calcium carbonate. 

3. Manufacturers: 

a. Axiom Industries Ltd.; NeutraPal and NeutraPro Series. 
b. BKI Industries, Inc.; Acid Neutralizer Kits. 
c. J.J.M. Boiler Works; JM Neutralizing Tubes. 
d. Neutrasafe Corporation; Neutra-Safe Condensate Neutralizers. 
e. Any of the approved water heater manufacturers. 

2.5 SOURCE QUALITY CONTROL 

A. Test and inspect water heater storage tanks, specified to be ASME-code construction, 
according to ASME Boiler and Pressure Vessel Code. 

B. Hydrostatically test water heater storage tanks before shipment to minimum of one 
and one-half times pressure rating. 

C. Prepare test reports. 

PART 3 - EXECUTION 

3.1 WATER HEATER INSTALLATION 

A. Install commercial water heaters on concrete bases. 

1. Exception: Omit concrete bases for commercial water heaters if installation on 
stand, bracket, suspended platform, or direct on floor is indicated. 

2. Concrete base construction requirements are specified in Division 20 Section 
"Basic Mechanical Materials and Methods." 

B. Install water heaters level and plumb, according to layout drawings, original design, 
and referenced standards. Maintain manufacturer's recommended clearances. Arrange 
units so controls and devices needing service are accessible. 

C. Install gas water heaters according to NFPA 54. 

D. Install gas shutoff valves on gas supplies to gas water heaters without shutoff valves. 

E. Install gas pressure regulators on gas supplies to gas water heaters without gas 
pressure regulators if gas pressure regulators are required to reduce gas pressure at 
burner. 

F. Install automatic gas valves on gas supplies to gas water heaters, if required for 
operation of safety control. 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
CONDENSING FUEL-FIRED DOMESTIC WATER HEATERS 223410 - 6 

G. Install combination temperature and pressure relief valves in top portion of storage 
tanks. Use relief valves with sensing elements that extend into tanks. Extend 
commercial-water-heater, relief-valve outlet, with drain piping same as domestic 
water piping in continuous downward pitch, and discharge by positive air gap onto 
closest floor drain. 

H. Install pressure relief valves in water piping for water heaters without storage. Extend 
commercial-water-heater relief-valve outlet, with drain piping same as domestic water 
piping in continuous downward pitch, and discharge by positive air gap onto closest 
floor drain. 

I. Install water heater drain piping as indirect waste to spill by positive air gap into open 
drains or over floor drains. Install hose-end drain valves at low points in water piping 
for water heaters that do not have tank drains. Refer to Division 20 Section "Valves" 
for hose-end drain valves. 

J. Install thermometer on outlet piping of water heaters. Refer to Division 20 Section 
"Meters and Gages" for thermometers. 

K. Install pressure gages on inlet and outlet piping of commercial, fuel-fired water heater 
piping. Refer to Division 20 Section "Meters and Gages" for pressure gages. 

L. Assemble and install inlet and outlet piping manifold kits for multiple water heaters. 
Fabricate, modify, or arrange manifolds for balanced water flow through each water 
heater. Include shutoff valve and thermometer in each water heater inlet and outlet, 
and throttling valve in each water heater outlet. Refer to Division 20 Section "Valves" 
for general-duty valves and to Division 20 Section "Meters and Gages" for 
thermometers. 

M. Fill water heaters with water. 

N. Install expansion tanks with isolation and drain valves. Charge expansion tanks with 
air. 

3.2 CONNECTIONS 

A. Piping installation requirements are specified in other Division 20 and 22 Sections. 
Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to water heaters to allow service and maintenance. Arrange 
piping for easy removal of water heaters. 

C. Connect vent to full size of water heater flue outlet. Refer to Division 23 Section 
"Breechings, Chimneys, and Stacks" for venting materials. 

D. Ground equipment according to Division 26 Section "Grounding and Bonding." 

E. Connect wiring according to Division 26 Section "Conductors and Cables." 

3.3 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service: Engage a factory-authorized service representative to 
inspect, test, and adjust field-assembled components and equipment installation, 
including connections, and to assist in field testing. Report results in writing. 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
CONDENSING FUEL-FIRED DOMESTIC WATER HEATERS 223410 - 7 

B. Perform the following field tests and inspections and prepare test reports: 

1. Leak Test: After installation, test for leaks. Repair leaks and retest until no leaks 
exist. 

2. Operational Test: After electrical circuitry has been energized, confirm proper 
operation. 

3. Test and adjust controls and safeties. Replace damaged and malfunctioning 
controls and equipment. 

C. Remove and replace water heaters that do not pass tests and inspections and retest 
as specified above. 

3.4 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain water heaters. 

END OF SECTION 223410 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 10 Section "Toilet and Bath Accessories." 
2. Division 20 Section “Mechanical General Requirements.” 
3. Division 20 Section “Basic Mechanical Materials and Methods.” 
4. Division 22 Section "Medical Plumbing Fixtures." 
5. Division 22 Section "Emergency Plumbing Fixtures." 
6. Division 22 Section "Security Plumbing Fixtures." 
7. Division 22 Section "Drinking Fountains and Water Coolers." 
8. Division 22 Section "Domestic Water Piping Specialties" for backflow preventers; 

individual-fixture, water tempering valves; and specialty fixtures not included in 
this Section. 
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9. Division 22 Section “Drainage Piping Specialties” for floor drains, and specialty 
fixtures not included in this Section. 

10. Division 22 Section "Water Distribution" for exterior plumbing fixtures and 
hydrants. 

1.2 DEFINITIONS 

A. ABS: Acrylonitrile-butadiene-styrene plastic. 

B. Accessible Fixture: Plumbing fixture that can be approached, entered, and used by 
people with disabilities. 

C. Cast Polymer: Cast-filled-polymer-plastic material. This material includes cultured-
marble and solid-surface materials. 

D. Cultured Marble: Cast-filled-polymer-plastic material with surface coating. 

E. Fitting: Device that controls the flow of water into or out of the plumbing fixture. 
Fittings specified in this Section include supplies and stops, faucets and spouts, shower 
heads and tub spouts, drains and tailpieces, and traps and waste pipes. Piping and 
general-duty valves are included where indicated. 

F. FRP: Fiberglass-reinforced plastic. 

G. PMMA: Polymethyl methacrylate (acrylic) plastic. 

H. PVC: Polyvinyl chloride plastic. 

I. Solid Surface: Nonporous, homogeneous, cast-polymer-plastic material with heat-, 
impact-, scratch-, and stain-resistance qualities. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of plumbing fixture indicated. Include selected fixture and 
trim, fittings, accessories, appliances, appurtenances, equipment, and supports. 
Indicate materials and finishes, dimensions, construction details, and flow-control 
rates. 

1.4 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: Diagram power, signal, and control wiring. 

B. Coordination Drawings:  Counter cutout templates for mounting of counter-mounted 
plumbing fixtures. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For plumbing fixtures and trim to include in 
operation and maintenance manuals. 
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1.6 QUALITY ASSURANCE 

A. Source Limitations: Obtain plumbing fixtures, faucets, and other components of each 
category through one source from a single manufacturer. 

1. Exception: If fixtures, faucets, or other components are not available from a 
single manufacturer, obtain similar products from other manufacturers specified 
for that category. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, Article 100, by an NRTL acceptable to authorities having jurisdiction, and 
marked for intended use. 

C. Regulatory Requirements: Comply with requirements in ICC A117.1, "Accessible and 
Usable Buildings and Facilities" for plumbing fixtures for people with disabilities. 

D. Regulatory Requirements: Comply with requirements in Public Law 102-486, "Energy 
Policy Act," about water flow and consumption rates for plumbing fixtures. 

E. Regulatory Requirements: Comply with requirements in Public Law 111-380, 
"Reduction of Lead in Drinking Water Act," about lead content in materials that will be 
in contact with potable water for human consumption. 

F. Comply with NSF 61, "Drinking Water System Components - Health Effects; Sections 1 
through 9," and NSF 372 Drinking Water System Components – Lead Content for 
potable domestic water piping and components. 

G. Select combinations of fixtures and trim, faucets, fittings, and other components that 
are compatible. 

H. Comply with applicable ANSI, ASME, ASSE, ASTM, ICC, NSF, and UL standards and 
other requirements specified for plumbing fixtures, trim, fittings, components, and 
features. 

1.7 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and that are 
packaged with protective covering for storage and identified with labels describing 
contents. 

PART 2 - PRODUCTS 

2.1 WATER CLOSETS 

A. Water Closets, WC-1: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. American Standard Companies, Inc.; Afwall Wall Hung Elongated Toilet. 
b. Ferguson Enterprises, Inc.; ProFlo. 
c. Kohler Co.; Kingston K-4325-0 . 
d. Sloan Valve Company. 
e. Zurn Plumbing Products Group; EcoVantage. 
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2. Description: Wall-mounting, back-outlet, vitreous-china fixture designed for 
flushometer valve operation. 

a. Style: Flushometer valve. 

1) Bowl Type: Elongated with siphon-jet design. 
2) Supply Spud Location: Top . 
3) Design Consumption: 1.28 gal./flush or 1.6 gal./flush. 
4) Color: White. 

b. Flushometer: FV-2-1. 
c. Toilet Seat: TS-1. 
d. Fixture Support: Water-closet support combination carrier. 

B. Water Closets, WC-2: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. American Standard Companies, Inc.; Madera FloWise 16-1/2” Elongated 
Toilet. 

b. Kohler Co.; Highcliff Ultra K-96057. 
c. Sloan Valve Company. 
d. Zurn Plumbing Products Group. 

2. Description: Accessible, floor-mounting, floor-outlet, vitreous-china fixture 
designed for flushometer valve operation. 

a. Style: Flushometer valve. 

1) Bowl Type: Elongated with siphon-jet design. Include bolt caps 
matching fixture. 

2) Supply Spud Location: Top. 
3) Height: 16-1/2 to 16-3/4 inches, universal/accessible. 
4) Design Consumption: 1.28 gal./flush or 1.6 gal./flush. 
5) Color: White. 

b. Flushometer: FV-2-1. 
c. Toilet Seat: TS-1. 

2.2 MANUAL WATER CLOSET FLUSHOMETERS 

A. Flushometers, FV-2-1: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. American Standard Companies, Inc. 
b. Delany Products. 
c. Delta Faucet Company; 81T201. 
d. Kohler Co.: MACH Series. 
e. Sloan Valve Company. 
f. Zurn Plumbing Products Group. 

2. Description: Flushometer for water-closet-type fixture. Include brass body with 
corrosion-resistant internal components, non-hold-open feature, control stop 
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with check valve, vacuum breaker, copper or brass tubing, and polished chrome-
plated finish on exposed parts. 

a. Internal Design: Diaphragm or piston operation. 
b. Style: Exposed. 
c. Inlet Size: NPS 1. 
d. Trip Mechanism: Oscillating, low-force ADA compliant lever-handle 

actuator. 
e. Consumption: 1.6 gal./flush. 
f. Tailpiece Size: NPS 1-1/2 and standard length to top of bowl. 

2.3 URINALS 

A. Urinals, UR-1: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. American Standard Companies, Inc.; Washbrook Urinal System. 
b. Kohler Co.; Bardon K 4991-ETSS. 
c. Sloan Valve Company. 
d. Zurn Industries, Inc.; EcoVantage. 

2. Description: Wall-mounting, back-outlet, ultra-low water consumption, vitreous-
china fixture designed for flushometer valve operation. 

a. Type: High efficiency. 
b. Strainer or Trapway: Open trapway with integral trap. 
c. Design Consumption: Operates in the range of 1/8 gal./flush to 1 gal./flush. 
d. Color: White. 
e. Supply Spud Size: NPS 3/4. 
f. Supply Spud Location: Top. 
g. Outlet Size: NPS 2. 
h. Flushometer: FV-1-1. 
i. Fixture Support: Urinal chair carrier. 

2.4 MANUAL URINAL FLUSHOMETERS 

A. Flushometers, FV-1-1: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. American Standard Companies, Inc. 
b. Delany Products. 
c. Delta Faucet Company; 81T231. 
d. Kohler Co.; MACH Series. 
e. Sloan Valve Company. 
f. Zurn Plumbing Products Group; Z6003-WS1. 

2. Description: Flushometer for urinal-type fixture. Include brass body with 
corrosion-resistant internal components, non-hold-open feature, control stop 
with check valve, vacuum breaker, copper or brass tubing, and polished chrome-
plated finish on exposed parts. 

a. Internal Design: Diaphragm or piston operation. 
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b. Style: Exposed. 
c. Inlet Size: NPS 3/4. 
d. Trip Mechanism: Oscillating, low-force ADA compliant lever-handle 

actuator. 
e. Consumption: 0.5 gal./flush. 
f. Tailpiece Size: NPS 3/4 and standard length to top of fixture. 

2.5 TOILET SEATS 

A. Toilet Seats, TS-1: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Bemis Manufacturing Company; 1955SSC/1955SSCT. 
b. Centoco Manufacturing Corp. 
c. Church Seats; 295SSC/295SSCT. 
d. Comfort Seats; a Jones Stephens Brand; Model Number C106SSC. 
e. Ferguson Enterprises, Inc.; ProFlo PFTSCOF2000WH. 
f. Olsonite Seat Company; Model 10SSC/10SSCT. 
g. Plumbtech; Plumbing Technologies, LLC. 
h. Sanderson Plumbing Products, Inc.; Beneke Div. 
i. Zurn Plumbing Products Group; 5955STS-WH. 

2. Description: Toilet seat for water-closet-type fixture. 

a. Material: Molded, solid plastic. 
b. Configuration: Open front without cover. 
c. Size: Elongated. 
d. Hinge Type: SC, self-sustaining, check. (Soft closing) 
e. Class: Standard commercial. 
f. Color: White. 

2.6 LAVATORIES 

A. Refer to specification 224216.13 Commercial Lavatories. LAV-1, 2, 3  

B. Lavatories, LAV-4: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. American Standard Companies, Inc.; Lucerne Model 0355.012. 
b. Ferguson Enterprises, Inc.; ProFlo PF5504. 
c. Kohler Co.; K 2005 Kingston. 
d. Sloan Valve Company. 
e. Zurn Plumbing Products Group; Z5344. 

2. Description: Accessible, wall-mounting, vitreous-china fixture. 

a. Type: With contoured back and side shields. 
b. Size: 20 by 18 inches rectangular. 
c. Faucet Hole Punching: Three holes, 2-inch centers. 
d. Color: White. 
e. Faucet: LF-1 
f. Water Temperature Limiting Device:  Required. 
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g. Drain: Grid. 
h. Drain Piping: NPS 1-1/4 chrome-plated, cast-brass P-trap; NPS 1-1/4, 17 

gage tubular brass waste to wall; and wall escutcheon. 
i. Fixture Support: Lavatory with concealed arms. 

2.7 LAVATORY FAUCETS 

A. Lavatory Faucets, LF-1: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Kohler Co. Model K-97283-4 
b. Or as approved by architect  

2. Description: Single handle mixing faucet, vandal resistant, 2 or 3 holes, with metal 
grid strainer, no lift rod hole, high temperature limit stop. 

a. Body Material: Commercial, all metal construction meeting NSF 61. 
b. Finish: Polished chrome plate. 
c. Centers: 4 inches. 
d. Mounting: Deck, concealed. 
e. Inlet(s): NPS 1/2. 
f. Spout Outlet:  

1) Vandal resistant aerator. 
2) Laminar flow or plain end for patient care areas. 

g. Maximum Flow Rate:  

1) 0.5 gpm for faucets in public restrooms. 

2.8 COUNTER-MOUNTING SINKS 

A. Sinks, SK-1: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Elkay Manufacturing Co. Model BCR15 
b. Franke Consumer Products, Inc., Commercial Div. 
c. Just Manufacturing Company. 
d. Moen Commercial. 

2. Description: Single-bowl, counter-mounting, lay-in stainless-steel sink. 

a. Overall Dimensions: 15 inches left to right by 15 inches front to back. 
b. Metal Thickness: 18 gage, with sound dampened underside. 
c. Bowl: 

1) Dimensions: 12 inches by 10 inches by 6 1/8” inches deep. 
2) Drain: 2-inch grid. 

d. Sink Faucet: SF-2. 
e. Water Temperature Limiting Device:  Required. 
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f. Drain Piping: NPS 1-1/2 chrome-plated, cast-brass P-trap; 17 gage tubular 
brass waste to wall; and wall escutcheon(s). 

g. Disposer: Not required. 
h. Dishwasher Air-Gap Fitting: Not required. 
i. Hot-Water Dispenser: Not required. 

B. Sinks, SK-3: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Elkay Manufacturing Co. 
b. Franke Consumer Products, Inc., Commercial Div. 
c. Just Manufacturing Company. 
d. Moen Commercial. 

2. Description: Single-bowl, deep basin, counter-mounting, lay-in stainless-steel 
sink. 

a. Overall Dimensions: 22 inches left to right by 19 inches front to back. 
b. Metal Thickness: 18 gage, with sound dampened underside. 
c. Bowl: 

1) Dimensions: 18 inches by 14 inches by 10 inches deep. 
2) Drain: 3-1/2-inch grid 

d. Sink Faucet: SF-2 
e. Water Temperature Limiting Device:  Required. 
f. Drain Piping: NPS 1-1/2 chrome-plated, cast-brass P-trap; 17 gage tubular 

brass waste to wall; and wall escutcheon(s). 
g. Disposer: Not required. 
h. Dishwasher Air-Gap Fitting: Required. 
i. Hot-Water Dispenser: Not required. 

C. Commercial Sinks, CS-1: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Elkay Manufacturing Co. 
b. Franke Consumer Products, Inc., Commercial Div. 
c. Just Manufacturing Company. 

2. Description: One-compartment, freestanding, Type 304 stainless-steel 
commercial sink with backsplash. 

a. Overall Dimensions: 26 inches by 48 inches. 
b. Metal Thickness: 14 gage. 
c. Compartment: 

1) Dimensions: 24 inches by 24 inches by 14 inches deep. 
2) Drain: Grid with NPS 1-1/2 tailpiece. 

a) Location: Centered in compartment. 

d. Drainboard(s): NONE. 
e. Supports: Tubular stainless steel legs with adjustable bullet shaped feet. 
f. Faucet(s): Sink SF-1. 
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1) Mounting: In backsplash. 

g. Drain Piping: NPS 1-1/2 chrome-plated, cast-brass P-trap; 17 gage tubular 
brass waste to wall; and wall escutcheon(s). 

2.9 SERVICE BASINS 

A. Service Basins: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Acorn Engineering Company. 
b. Crane Plumbing, LLC; Fiat Products; an American Standard Brand. 
c. Florestone Products Co., Inc. 
d. Precast Terrazzo Enterprises, Inc. 
e. Stern-Williams Co., Inc. 
f. Ferguson Enterprises, Inc.; ProFlo. 
g. Florestone Products Co., Inc. 
h. Mustee, E. L. & Sons, Inc. 
i. Swan; American Bath Group. 
j. Zurn Plumbing Products Group; Light Commercial Operation. 

2. Description: Flush-to-wall, floor-mounting, precast terrazzo fixture with rim 
guard. 

a. Shape: Square. 
b. Size: 36 by 24 inches. 
c. Height: 12 inches with dropped front . 
d. Tiling Flange: Not required. 
e. Rim Guard: On all top surfaces. 
f. Color: Not applicable. 
g. Faucet: SF-7. 
h. Drain: Grid with NPS 3 outlet. 

2.10 SINK FAUCETS 

A. Sink Faucets, SF-1: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. American Standard Companies, Inc. 
b. Chicago Faucets; No. 631-R. 
c. Delta Faucet Company; Model 28C4934-R2. 
d. Elkay Manufacturing Co.; LK940GNO8T4H. 
e. Kohler Co.; K7320-4. 
f. Moen Commercial. 
g. Speakman Company; SC-5749. 
h. T & S Brass and Bronze Works, Inc. 
i. Zurn Plumbing Products Group; Z842B4. 

2. Description: Commercial/Industrial sink faucet. Include hot- and cold-water 
indicators; coordinate faucet inlets with supplies and fixture holes; coordinate 
outlet with spout and fixture receptor. 
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a. Body Material: Commercial, solid brass. 
b. Finish: Polished chrome plate. 
c. Mixing Valve: Two handle. 
d. Centers: 8 inches. 
e. Mounting: Back/wall. 
f. Handle(s): Wrist blade, 4 inches. 
g. Operation: Noncompression, manual. 
h. Inlet(s): NPS 1/2. 
i. Spout Type: 70 to 120-degree restricted swing gooseneck. 
j. Spout Outlet: Aerator. 
k. Maximum Flow Rate:  

1) 1.5 gpm. 

B. Sink Faucets, SF-2: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Elkay model Avado single hole bar faucet with lever fauet 

b. Or as approved by architect 

2. Description: Sink faucet. Include hot- and cold-water indicators; coordinate 
faucet inlets with supplies and fixture holes; coordinate outlet with spout and 
fixture receptor. 

a. Body Material: Commercial, solid brass. 
b. Finish: Polished chrome plate. 
c. Mixing Valve: single handle. 
d. Mounting: Deck. 
e. Handle(s): side lever. 
f. Operation: Noncompression, manual. 
g. Inlet(s): NPS 1/2. 
h. Spout Type: fixed gooseneck. 
i. Spout Outlet:  

1) Aerator. 
2) Laminar flow or plain end for patient care areas. 

j. Maximum Flow Rate:  

1) 1.5 gpm. 

C. Sink Faucets, SF-7: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. American Standard Companies, Inc. 
b. Chicago Faucets; Model 897. 
c. Delta Faucet Company; Model 28C2383. 
d. Ferguson Enterprises, Inc.; ProFlo PF1118. 
e. Kohler Co. 
f. Moen Commercial. 
g. Speakman Company; SC5811-RCP-LEV-5H-WHK. 
h. Symmons Industries, Inc. 
i. T & S Brass and Bronze Works, Inc. 
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j. Zurn Plumbing Products Group. 

2. Description: Service sink faucet with stops in shanks, vacuum breaker, hose-
thread outlet, and pail hook. Include hot- and cold-water indicators; coordinate 
faucet inlets with supplies and fixture holes; coordinate outlet with spout and 
fixture receptor. Include 5 foot rubber hose and wall mounted hose clamp. 

a. Body Material: Commercial, solid brass. 
b. Finish: Polished chrome plate. 
c. Maximum Flow Rate: 2.5 gpm, unless otherwise indicated. 
d. Mixing Valve: Two handle. 
e. Centers: 8 inches. 
f. Mounting: Back/wall. 
g. Handle(s): Lever. 
h. Inlet(s): NPS 1/2. 
i. Spout Type: Rigid, solid brass with wall brace and pail hook. 
j. Spout Outlet: Hose thread. 
k. Vacuum Breaker: Required. 
l. Operation: Noncompression, manual. 

2.11 PRE-RINSE UNITS 

A. Pre-Rinse Unit, PRU-1: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Chicago Faucets; No. 919-CP. 
b. Delta Faucet Company; 55T Series. 
c. T & S Brass and Bronze Works, Inc. 
d. Zurn Plumbing Products Group; AquaSpec Z80000-PR1. 

2. Description: Food service pre-rinse unit. Include hot- and cold-water indicators; 
coordinate faucet inlets with supplies and fixture holes. 

a. Body Material: Commercial, solid brass. 
b. Finish: Polished chrome plate. 
c. Maximum Flow Rate: 2.5 gpm, unless otherwise indicated. 
d. Mixing Valve: Two handle. 
e. Centers: Single hole. 
f. Mounting: Deck. 
g. Handle(s): Lever. 
h. Inlet(s): NPS 1/2. 
i. Riser: 23 inches with spring guide. 
j. Hose: Flexible stainless steel, 44 inches, with insulated handle. 
k. Spray Valve: Self closing. 
l. Operation: Noncompression, manual. 

2.12 FIXTURE SUPPLIES 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. BrassCraft; a Masco Company. 
2. McGuire Mfg. Co., Inc. 
3. Any of the approved plumbing fixture manufacturers. 
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B. Description:  Chrome-plated brass, loose-key or screwdriver angle stops with brass 
stems; rigid, chrome-plated copper risers; and chrome-plated wall flanges. 

2.13 PROTECTIVE SHIELDING GUARDS 

A. Protective Shielding Pipe Covers (PSG-1): 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Engineered Brass Co. 
b. Insul-Tect Products Co.; a Subsidiary of MVG Molded Products. 
c. McGuire Manufacturing Co., Inc. 
d. Oatey; Dearborn Safety Series. 
e. Plumberex Specialty Products Inc. 
f. TCI Products; SG-200BV. 
g. TRUEBRO, Inc. 
h. Zurn Plumbing Products Group; Z8946-3-NT. 

2. Description: Manufactured plastic wraps for covering plumbing fixture hot- and 
cold-water supplies and trap and drain piping. Comply with Americans with 
Disabilities Act (ADA) requirements. 

2.14 FIXTURE SUPPORTS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. Josam Company. 
2. MIFAB Manufacturing Inc. 
3. Smith, Jay R. Mfg. Co. 
4. Tyler Pipe; Wade Div. 
5. Watts Drainage Products Inc.; a div. of Watts Industries, Inc. 
6. Zurn Plumbing Products Group; Specification Drainage Operation. 

B. Water-Closet Supports: 

1. Description: Combination carrier designed for wall-mounting, water-closet-type 
fixture.  Include: 

a. Single or double, vertical or horizontal, hub-and-spigot or hubless waste 
fitting as required for piping arrangement. 

b. Faceplates; couplings with gaskets; feet; and fixture bolts and hardware 
matching fixture.  

c. Cast iron nipple and coupling kit. 
d. Additional extension coupling, faceplate, and feet for installation in wide 

pipe space. 

C. Urinal Supports: 

1. Description: For wall-mounting, urinal-type fixture. Include steel uprights with 
feet. 

2. Accessible-Fixture Support: Include rectangular steel uprights. 

D. Lavatory Supports: 
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1. Description: Lavatory carrier with concealed arms and tie rods for wall-
mounting, lavatory-type fixture. Include steel uprights with feet. 

2. Accessible-Fixture Support: Include rectangular steel uprights. 

E. Sink Supports: 

1. Description: For wall-mounting sink-type fixture. Include steel uprights with feet. 

a. Type I, sink carrier with exposed arms and tie rods. 
b. Type II, sink carrier with hanger plate, bear studs, and tie rod. 
c. Type III, sink carrier with hanger plate and exposed arms. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine roughing-in of water supply and sanitary drainage and vent piping systems 
to verify actual locations of piping connections before plumbing fixture installation. 

B. Examine cabinets, counters, floors, and walls for suitable conditions where fixtures will 
be installed. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Assemble plumbing fixtures, trim, fittings, and other components according to 
manufacturers' written instructions. 

B. Install off-floor supports, affixed to building substrate, for wall-mounting fixtures. 

1. Use carrier supports with waste fitting and seal for back-outlet fixtures. 
2. Use carrier supports without waste fitting for fixtures with tubular waste piping. 
3. Use chair-type carrier supports with rectangular steel uprights for accessible 

fixtures. 

C. Install back-outlet, wall-mounting fixtures onto waste fitting seals and attach to 
supports. 

D. Install floor-mounting fixtures on closet flanges or other attachments to piping or 
building substrate. 

E. Install wall-mounting fixtures with tubular waste piping attached to supports. 

F. Install wall-mounting urinals with PVC-DWV piping from urinal outlet to first change 
in piping direction. 

G. Install counter-mounting fixtures in and attached to casework. 

H. Install fixtures level and plumb according to roughing-in drawings. Install accessible 
fixtures at heights required by local codes. 

I. Install water-supply piping with stop on each supply to each fixture to be connected 
to water distribution piping. Attach supplies to supports or substrate within pipe 
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spaces behind fixtures. Install stops in locations where they can be easily reached for 
operation. 

1. Exception: Fixtures with flushometer valves, and faucets or valves with integral 
stops. 

J. Install ASSE 1070 water-temperature limiting devices on supplies for lavatories and 
sinks that will be used for handwashing, and where specified.  Refer to Division 20 
Section “Domestic Water Piping Specialties.” 

K. Install trap and tubular waste piping on drain outlet of each fixture to be directly 
connected to sanitary drainage system. 

L. Install tubular waste piping on drain outlet of each fixture to be indirectly connected 
to drainage system. 

M. Install protective shielding guards PSG-1 on exposed traps and supplies of lavatories, 
and sinks used for hand washing. 

N. Install tanks for accessible, tank-type water closets with lever handle mounted on wide 
side of compartment. 

O. Install toilet seats on water closets. 

P. Install faucet-spout fittings with specified flow rates and patterns in faucet spouts if 
faucets are not available with required rates and patterns. Include adapters if required. 

Q. Install water-supply flow-control fittings with specified flow rates in fixture supplies at 
stop valves. 

R. Install faucet flow-control fittings with specified flow rates and patterns in faucet 
spouts if faucets are not available with required rates and patterns. Include adapters 
if required. 

S. Install shower flow-control fittings with specified maximum flow rates in shower arms. 

T. Install traps on fixture outlets. 

1. Exception: Omit trap on fixtures with integral traps. 
2. Exception: Omit trap on indirect wastes, unless otherwise indicated. 

U. Install disposer in outlet of each sink indicated to have disposer. Install switch where 
indicated or in wall adjacent to sink if location is not indicated. 

V. Install escutcheons at piping wall ceiling penetrations in exposed, finished locations 
and within cabinets and millwork. Use deep-pattern escutcheons if required to conceal 
protruding fittings. Escutcheons are specified in Division 20 Section "Basic Mechanical 
Materials and Methods." 

W. Seal joints between fixtures and walls, floors, and countertops using sanitary-type, 
one-part, mildew-resistant silicone sealant. Match sealant color to fixture color. 
Sealants are specified in Division 07 Section "Joint Sealants." 
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3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 20 and 22 Sections. 
Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and 
vent piping. Use size fittings required to match fixtures. 

C. Individual water line branches, waste lines, vents, and traps for connection to individual 
fixtures, fixture fittings and specialties shall be in accordance with the schedule on the 
Drawings. 

D. Ground equipment according to Division 26 Section "Grounding and Bonding." 

E. Connect wiring according to Division 26 Section "Conductors and Cables." 

3.4 FIELD QUALITY CONTROL 

A. Verify that installed plumbing fixtures are categories and types specified for locations 
where installed. 

B. Check that plumbing fixtures are complete with trim, faucets, fittings, and other 
specified components. 

C. Inspect installed plumbing fixtures for damage. Replace damaged fixtures and 
components. 

D. Test installed fixtures after water systems are pressurized for proper operation. 
Replace malfunctioning fixtures and components, then retest. Repeat procedure until 
units operate properly. 

3.5 ADJUSTING 

A. Operate and adjust faucets and controls. Replace damaged and malfunctioning 
fixtures, fittings, and controls. 

B. Replace washers and seals, or cartridges of leaking and dripping faucets and stops. 

3.6 CLEANING 

A. Clean fixtures, faucets, and other fittings with manufacturers' recommended cleaning 
methods and materials. Do the following: 

1. Remove faucet spouts and strainers, remove sediment and debris, and reinstall 
strainers and spouts. 

2. Remove sediment and debris from drains. 

B. After completing installation of exposed, factory-finished fixtures, faucets, and fittings, 
inspect exposed finishes and repair damaged finishes. 

3.7 PROTECTION 

A. Provide protective covering for installed fixtures and fittings. 
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B. Do not allow use of plumbing fixtures for temporary facilities unless approved in 
writing by Owner. 

END OF SECTION 224200 



SECTION 224216.13 - COMMERCIAL LAVATORIES  

 

Reissued for addendum #2 

 

PART 1 – GENERAL  

1.1 RELATED DOCUMENTS  

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY  

A. Section Includes:  

a. Lavatories  

LAV-1 

Lavatory system LAV-1: Solid surface side by side hand wash stations. 

Basis of Design Product: Subject to compliance with requirements, provide Sloan Valve 

Company: Contact: Kim Jennings (Diversified Spec. Sales, Inc.) Sloan Designer Series Sink 

model no. DSG 84000 Gradient Style Sink. Product to be fabricated out of Corian. Faucet (By 

Others). Sink design to be ADA compliant and IAPMO certified. Supplied with stainless steel 

trash enclosure and high pressure laminate option 

 

Product: DSG 84000   

Standard: Meets or exceeds ASME A112.18.1/CSA B125.1, ANSI A117.1, IGC156, CSA 

B45.5/IAPMO Z124, NSF 371, UL499 

Bowl & Counter: 4 station w/individual stations. Include (two) trash holes 

  Standard: ICPA SS-1 for solid-surface bowls. 

Height to Rim: 34 inches above floor. Standard 34"   ADA  33", 838 mm according to 

ICC.A117.1 

  Color or Finish: Corian Color = Savannah 

   Corian: https://www.na.corian.com/  

Material: Corian Solid Surface  

Laminate front material: Arborite/copper artisian walnut W2003 AW 

Overall Dimensions:   4 station 196” by 24” by 22” inches confirm dimensions with 

architect before ordering 

  Access Panel: 16-1/8” inch (410 mm) access panel 

Mounting: Wall hung. Carrier not required when using mounting brackets or mounting 

frame. 



Number of Stations: Four individual stations. 

  Drain: Grid with NPS 1-1/2 (DN 40) tailpiece, each bowl. 

Drain Finishes: Polished Chrome Plated 

Faucet: see lav-1 faucet in 224000 

 

 

 

 

 

Lavatory system: Solid surface side by side hand wash stations. 

Basis of Design Product: Subject to compliance with requirements, provide Sloan Valve 

Company: Contact: Kim Jennings (Diversified Spec. Sales, Inc.) Sloan Designer Series Sink 

model no. DSG 83000 Gradient Style Sink. Product to be fabricated out of Corian. Faucet (By 

Others). Sink design to be ADA compliant and IAPMO certified. Supplied with stainless steel 

enclosure for the trash bin and HPL for the apron fronts  

 

Product: DSG 83000 

Standard: Meets or exceeds ASME A112.18.1/CSA B125.1, ANSI A117.1, IGC156, CSA 

B45.5/IAPMO Z124, NSF 371, UL499 

Electrical Components:  Devices, and Accessories: Listed and labeled as defined in 

NFPA 70, by a qualified testing agency, and marked for intended location and application. 

Bowl & Counter: DSG 83000 3 station w/individual stations. Include (two) trash holes 

  Standard: ICPA SS-1 for solid-surface bowls. 

Height to Rim: 34 inches above floor. Standard 34" ADA  33" Child 29-7/8", according 

to ICC.A117.1 

  Color or Finish: Corian Color = Savannah HPL color Arborite Copper Artisian Walnut 

W2003 AW 

   Corian: https://www.na.corian.com/  

Material: Corian Solid Surface  

Overall Dimensions:   4 station refer to architectural plans for length 

  Access Panel: 16-1/8” inch (410 mm) access panel 

Mounting: Wall hung. Carrier not required when using mounting brackets or mounting 

frame. 

Number of Stations: Three individual stations. 

  Drain: Grid with NPS 1-1/2 (DN 40) tailpiece, each bowl. 



Drain Finishes: Polished Chrome Plated 

Faucet: see lav-1 faucet specification 224000 

 

 

 

 

 

 

 

 

LAV-2 

Lavatory system T.1: Solid surface side by side hand wash stations. 

Basis of Design Product: Subject to compliance with requirements, provide Sloan Valve 

Company: Contact: Kim Jennings (Diversified Spec Sales, Inc.) 586-612-2961. Sloan 

Designer Series Sink model no. DSG 82000 Gradient Style Sink. Product to be fabricated out 

of Corian. Faucet (By Others). Sink design to be ADA compliant and IAPMO certified. Supplied 

with angle brackets or enclosure. Supplied with stainless steel enclosure for the trash bin 

and HPL for the apron fronts  

 

Product: DSG 82000 

Standard: Meets or exceeds ASME A112.18.1/CSA B125.1, ANSI A117.1, IGC156, CSA 

B45.5/IAPMO Z124, NSF 371, UL499 

Electrical Components:  Devices, and Accessories: Listed and labeled as defined in 

NFPA 70, by a qualified testing agency, and marked for intended location and application. 

Bowl & Counter: DSG 82000 w/1 trash hole 

  Standard: ICPA SS-1 for solid-surface bowls. 

Height to Rim: 34 inches above floor. Standard 34"   ADA 33", Child 29-7/8", according 

to ICC.A117.1 

  Color or Finish: Savannah HPL color Arborite Copper Artisian Walnut W2003 AW 

 

   Corian: https://www.na.corian.com/ 

Material: Corian Solid Surface 

Overall Dimensions:2 station wall to wall refer to architectural floor plans for length 

  Access Panel: 16-1/8” inch (410 mm) access panel. 



Mounting: Wall hung. Carrier not required when using mounting brackets or mounting 

frame. 

Number of Stations: Two w/1 Trash Hole. 

  Drain: Grid with NPS 1-1/2 (DN 40) tailpiece, each bowl. 

Drain Finishes: Polished Chrome Plated 

Faucet: see lav-1 faucet specification 224000 

 

 

 

 

 

 

 

LAV-3 

Lavatory system 29/A8.02: Solid surface side by side hand wash stations. 

Basis of Design Product: Subject to compliance with requirements, provide Sloan Valve 

Company: Contact: Kim Jennings (Diversified Spec Sales, Inc.) 586-612-2961. Sloan 

Designer Series Sink model no. DSG 81000 Gradient Style Sink. Product to be fabricated out 

of Corian. Faucet (By Others). Sink design to be ADA compliant and IAPMO certified. Supplied 

with angle brackets or enclosure. Supplied with stainless steel enclosure for the trash bins 

and HLP for the apron front 

 

Product: DSG 81000 

Standard: Meets or exceeds ASME A112.18.1/CSA B125.1, ANSI A117.1, IGC156, CSA 

B45.5/IAPMO Z124, NSF 371, UL499 

Electrical Components:  Devices, and Accessories: Listed and labeled as defined in 

NFPA 70, by a qualified testing agency, and marked for intended location and application. 

Bowl & Counter: DSG 81000 One Station 

  Standard: ICPA SS-1 for solid-surface bowls. 

Height to Rim: 34 inches above floor. Standard 34"   ADA  33", Child 29-7/8", 

according to ICC.A117.1 

  Color or Finish: Savannah 

   Corian: https://www.na.corian.com/ 

Material: Corian Solid Surface 

Overall Dimensions: 1 station 30” by 23.5” by 22” inches. 



  Access Panel: 16-1/8” inch access panel. 

Mounting: Wall hung. Carrier not required when using mounting brackets or mounting 

frame. 

Number of Stations: One  

  Drain: Grid with NPS 1-1/2 (DN 40) tailpiece, each bowl. 

Drain Finishes: Polished Chrome Plated 

Faucet: see lav-1 faucet specification 224000 

 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
DRINKING FOUNTAINS, WATER COOLERS AND CUSPIDORS 224700 - 1 

SECTION 224700 - DRINKING FOUNTAINS, WATER COOLERS, AND CUSPIDORS 

PART 1 - GENERAL ......................................................................................................................................................... 1 
1.1 RELATED DOCUMENTS ............................................................................................................................. 1 
1.2 DEFINITIONS ................................................................................................................................................... 1 
1.3 ACTION SUBMITTALS ................................................................................................................................ 2 

1.4 INFORMATIONAL SUBMITTALS ........................................................................................................... 2 

1.5 CLOSEOUT SUBMITTALS ......................................................................................................................... 2 

1.6 QUALITY ASSURANCE .............................................................................................................................. 2 

PART 2 - PRODUCTS .................................................................................................................................................... 2 

2.1 PRESSURE (ELECTRIC) WATER COOLERS .................................................................................... 2 

2.2 FIXTURE SUPPORTS .................................................................................................................................. 3 

PART 3 - EXECUTION .................................................................................................................................................. 4 

3.1 EXAMINATION .............................................................................................................................................. 4 

3.2 APPLICATIONS ............................................................................................................................................. 4 

3.3 INSTALLATION ............................................................................................................................................. 4 

3.4 CONNECTIONS ............................................................................................................................................. 5 

3.5 FIELD QUALITY CONTROL ..................................................................................................................... 5 

3.6 ADJUSTING .................................................................................................................................................... 5 

3.7 CLEANING ....................................................................................................................................................... 5 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 

1.2 DEFINITIONS 

A. Accessible Drinking Fountain or Water Cooler: Fixture that can be approached and 
used by people with disabilities. 

B. Cast Polymer: Dense, cast-filled-polymer plastic. 

C. Drinking Fountain: Fixture with nozzle for delivering stream of water for drinking. 

D. Fitting: Device that controls flow of water into or out of fixture. 

E. Fixture: Drinking fountain or water cooler. 

F. Remote Water Cooler: Electrically powered equipment for generating cooled drinking 
water. 

G. TDS: Total dissolved solids. 
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H. Water Cooler: Electrically powered fixture for generating and delivering cooled 
drinking water. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each fixture indicated. Include rated capacities, furnished 
specialties, and accessories. 

1.4 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: Diagram power, signal, and control wiring. 

1.5 CLOSEOUT SUBMITTALS 

A. Field quality-control test reports. 

B. Operation and Maintenance Data: For fixtures to include in emergency, operation, and 
maintenance manuals. 

1.6 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, Article 100, by a NRTL acceptable to authorities having jurisdiction, and 
marked for intended use. 

B. Regulatory Requirements: Comply with requirements in ICC A117.1, "Accessible and 
Usable Buildings and Facilities" for fixtures for people with disabilities. 

C. Regulatory Requirements: Comply with requirements in the U.S. Architectural & 
Transportation Barriers Compliance Board’s “Uniform Federal Accessibility Standards 
(UFAS), 1985-494-187” about fixtures for people with disabilities. 

D. NSF Compliance: Fabricate and label equipment components that will be in contact 
with potable water to comply with NSF 61 and NSF 372. 

E. AHRI Standard: Comply with AHRI's "Directory of Certified Drinking Water Coolers" 
for style classifications. 

F. ASHRAE Standard: Comply with ASHRAE 34, "Designation and Safety Classification 
of Refrigerants," for water coolers. Provide HFC 134a (tetrafluoroethane) refrigerant, 
unless otherwise indicated. 

PART 2 - PRODUCTS 

2.1 PRESSURE (ELECTRIC) WATER COOLERS 

A. Water Coolers: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 
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a. Elkay Manufacturing Co.; EZWS-SFGRN28K. 
b. Halsey Taylor. 
c. Haws Corporation. 
d. Murdock Manufacturing; A Member of Morris Group International. 
e. Oasis Corporation. 
f. Sunroc Corp. 

2. Description: AHRI 1010, Type PB, pressure with bubbler, accessible, Style W, 
dual-height, architectural-style wall-mounting water cooler with bottle filling 
station. 

a. Material: Stainless steel. 
b. Receptor Shape: Round. 
c. Back Panel: Stainless-steel behind receptors with ventilation grille located 

below receptors. 
d. Bubblers: One for each receptor, flexible or elastomeric overmolded, with 

adjustable stream regulator, located on receptors. 
e. Control: Push button. 
f. Supply: NPS 3/8 with isolation valve. 
g. Drain: Grid with NPS 1-1/4 minimum horizontal waste and trap complying 

with ASME A112.18.2. 
h. Cooling System: Electric, with hermetically sealed compressor, cooling 

coil, air-cooled condensing unit, corrosion-resistant tubing, refrigerant, 
corrosion-resistant-metal storage tank, and adjustable thermostat. 

1) Capacity: 8 gph of 50 deg F cooled water from 80 deg F inlet water 
and 90 deg F ambient air temperature. 

2) Electrical Characteristics: 1/5 hp; 120-V ac; single phase; 60 Hz. 

i. Bottle Filling Station: Recessed design constructed of 18 gage Type 300 
series stainless steel and ABS plastic. Include: 

1) Electronic sensor for no-touch activation. 
2) Automatic 20-second shut-off timer. 
3) 1.1 gpm flow rate 
4) Anti-microbial protected plastic components. 

j. Support: Refer to "Fixture Supports" Article. 

2.2 FIXTURE SUPPORTS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. Josam Co. 
2. MIFAB Manufacturing, Inc. 
3. Smith, Jay R. Mfg. Co.; A Member of Morris Group International. 
4. Tyler Pipe; Wade Div. 
5. Watts Drainage Products Inc.; a div. of Watts Industries, Inc. 
6. Zurn Plumbing Products Group; Specification Drainage Operation. 

B. Description: ASME A112.6.1M, water cooler carriers. Include vertical, steel uprights with 
feet and tie rods and bearing plates with mounting studs matching fixture to be 
supported. 

1. Type I: Hanger-type carrier with two vertical uprights. 
2. Type II: Bilevel, hanger-type carrier with three vertical uprights. 
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3. Supports for Accessible Fixtures: Include rectangular, vertical, steel uprights 
instead of steel pipe uprights. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine roughing-in for water and waste piping systems to verify actual locations of 
piping connections before fixture installation. Verify that sizes and locations of piping 
and types of supports match those indicated. 

B. Examine walls and floors for suitable conditions where fixtures are to be installed. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 APPLICATIONS 

A. Use carrier off-floor supports for wall-mounting fixtures, unless otherwise indicated. 

B. Use mounting frames for recessed water coolers, unless otherwise indicated. 

C. Set freestanding and pedestal drinking fountains on floor. 

D. Set remote water coolers on floor, unless otherwise indicated. 

E. Use chrome-plated brass or copper tube, fittings, and valves in locations exposed to 
view. Plain copper tube, fittings, and valves may be used in concealed locations. 

3.3 INSTALLATION 

A. Install off-floor supports affixed to building substrate and attach wall-mounting 
fixtures, unless otherwise indicated. 

B. Install mounting frames affixed to building construction and attach recessed water 
coolers to mounting frames, unless otherwise indicated. 

C. Install fixtures level and plumb. For fixtures indicated for children, install at height 
required by authorities having jurisdiction. 

D. Install water-supply piping with shutoff valve on supply to each fixture to be 
connected to water distribution piping. Install valves in locations where they can be 
easily reached for operation. Valves are specified in Division 22 Section "General-Duty 
Valves for Plumbing." 

E. Install trap and waste piping on drain outlet of each fixture to be connected to sanitary 
drainage system. 

F. Install pipe escutcheons at wall penetrations in exposed, finished locations. Use deep-
pattern escutcheons where required to conceal protruding pipe fittings. Escutcheons 
are specified in Division 20 Section "Basic Mechanical Materials and Methods." 
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G. Seal joints between fixtures and walls and floors using sanitary-type, one-part, mildew-
resistant, silicone sealant. Match sealant color to fixture color. Sealants are specified in 
Division 07 Section "Joint Sealants." 

3.4 CONNECTIONS 

A. Piping installation requirements are specified in other Division 20 and 22 Sections. 
Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and 
vent piping. Use size fittings required to match fixtures. 

C. Ground equipment according to Division 26 Section "Grounding and Bonding." 

D. Connect wiring according to Division 26 Section "Conductors and Cables." 

3.5 FIELD QUALITY CONTROL 

A. Water Cooler Testing: After electrical circuitry has been energized, test for compliance 
with requirements. Test and adjust controls and safeties. 

1. Remove and replace malfunctioning units and retest as specified above. 
2. Report test results in writing. 

3.6 ADJUSTING 

A. Adjust fixture flow regulators for proper flow and stream height. 

B. Adjust water cooler temperature settings. 

3.7 CLEANING 

A. After completing fixture installation, inspect unit. Remove paint splatters and other 
spots, dirt, and debris. Repair damaged finish to match original finish. 

B. Clean fixtures, on completion of installation, according to manufacturer's written 
instructions. 

END OF SECTION 224700 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 
3. Division 23 Section “Testing, Adjusting, and Balancing.” 

1.2 SUMMARY 

A. This Section includes common requirements for fans and air moving equipment. 

1.3 ACTION SUBMITTALS 

A. Product Data: For the following: 

1. Fan bearings. 
2. V-belt fan drives. 
3. Direct drive couplings. 

1.4 QUALITY ASSURANCE 

A. Electrical Characteristics for HVAC Equipment: Equipment of higher electrical 
characteristics may be furnished provided such proposed equipment is approved in 
writing and connecting electrical services, circuit breakers, and conduit sizes are 
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appropriately modified. If minimum energy ratings or efficiencies are specified, 
equipment shall comply with requirements. 

B. Fan Performance Data: AMCA Standard 210.  

C. Sound Power Level Ratings: 

1. Ducted Fans - Rated per AMCA 301, when tested per AMCA 300. 
2. Nonducted Fans - Rated in Zones at 5 feet from acoustic center of fan rated 

per AMCA 301, tested per AMCA 300 and converted per AMCA 302. 

1.5 ENVIRONMENTAL REQUIREMENTS 

A. Do not operate equipment for any purpose, temporary or permanent, until ductwork 
is clean, filters are in place, bearings lubricated, and fan has been test run under 
observation. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where subparagraph titles below introduce lists, the following 
requirements apply for product selection: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
the manufacturers specified. 

2.2 FAN SHAFTS 

A. Fan Shafts: Ground from solid cold rolled steel, and proportioned to run at least 25 
percent below the first critical speed. 

2.3 FAN DRIVE, SHAFT, AND COUPLING GUARDS 

A. Safety Provisions: Include guards and screens for power transmission equipment, but 
do not negate vibration isolation provision. 

B. Furnish ANSI and OSHA compliant mechanical power transmission apparatus guards 
except where superseded by other governing codes, and except as modified and 
supplemented. Requirements specified apply to all types of fans. 

C. Fabricate mechanical power transmission device guards such that the completed 
structure is capable of withstanding a load of at least 200 pounds applied in any 
direction. 

D. Furnish a guard enclosure for each V-belt drive, coupling, shaft, and rotating 
component. Secure guards in place, easily removable for maintenance. Guard 
fasteners used for maintenance access shall be "captive type." Locate holes on each 
guard for tachometer readings on both the motor and fan shafts. Fabricate guard of 
minimum 16 gage sheet metal with hemmed edges at openings for shafts. Weld four 
mounting lugs or feet of 10 gage material to the guard. Fabricate guards for 
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couplings five inches in diameter and larger of 12 gage sheet metal. Furnish holes in 
mounting feet sized for suitable machine screws. 

E. Centrifugal exhaust fans shall be provided with shaft seals. 

2.4 FLEXIBLE COUPLINGS (DIRECT DRIVE) 

A. Fan shaft shall be connected to the motor shaft through a flexible coupling. The 
flexible member shall be a tire shape, in shear, or a solid mass serrated edge disc 
shape, made of chloroprene materials and retained by fixed flanges. Flexible 
coupling shall act as a dielectric connector and shall not transmit sound, vibration or 
end thrust. 

B. Manufacturer: 

1. Falk Corporation (The). 

2.5 MOTOR REQUIREMENTS 

A. Furnish motors in accordance with Division 20 Section “Motors.” 

2.6 FAN BEARINGS 

A. Bearings: Anti-friction ball or roller type with provision for self-alignment and thrust 
load. Made in U.S.A. with ABMA L10 minimum life of 200,000 hours. Use cast iron 
housings and dust-tight seals suitable for lubricant pressures. 

1. Lubrication Provisions - Use surface ball check type supply fittings. Provide 
extension tubes to allow safe maintenance while equipment is operating. 
Provide manual or automatic pressure relief fittings to prevent overheating or 
seal blow-out due to excess lubricant or pressure. Arrange relief fittings 
opposite supply but visible for normal maintenance observation. 

2. Bearings on Equipment with less than 1/2 horsepower rating or on shafts 
smaller than 1-3/4 inch in diameter: Permanently sealed, pre-lubricated anti-
friction bearings per specified materials and ABMA L10 life requirements. 

2.7 IDENTIFICATION 

A. Nameplate: Affix metallic, corrosion-resistant data plate for each fan in a 
conspicuous location. Include selection point capacity conditions. 

2.8 ACCESSORIES 

A. Bird Screens: Of material to match adjacent contact construction, 1/2 inch mesh or 
equal expanded metal. Use on inlet or outlet of each nonducted fan. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Field Rigging: Do not negate balancing. Do not bend shaft. Use lifting eyes. 

B. Install sheaves where recommended by Testing, Adjusting, and Balancing agency. 

C. Refer to individual Division 23 HVAC equipment Sections for additional requirements. 

END OF SECTION 230500 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section "Mechanical Identification" for valve tags and charts. 
2. Division 21 fire-suppression piping and fire pump Sections for fire-protection 

valves. 
3. Division 22 Section “General-Duty Valves for Plumbing” for plumbing valves. 
4. Division 23 Section "Temperature Controls" for control valves and actuators. 

1.2 SUMMARY 

A. This Section includes valves for general HVAC applications.  Refer to piping Sections 
for specialty valve applications. 

1.3 DEFINITIONS 

A. The following are standard abbreviations for valves: 

1. CWP: Cold working pressure. 
2. EPDM: Ethylene-propylene-diene terpolymer rubber. 
3. NBR: Acrylonitrile-butadiene rubber. 
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4. NRS: Nonrising stem. 
5. OS&Y: Outside screw and yoke. 
6. PTFE: Polytetrafluoroethylene plastic. 
7. RPTFE: Reinforced polytetrafluoroethylene plastic. 
8. SWP: Steam working pressure. 
9. TFE: Tetrafluoroethylene plastic. 
10. WOG: Water, oil, and gas. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of valve indicated. Include body, seating, and trim 
materials; valve design; pressure and temperature classifications; end connections; 
arrangement; dimensions; and required clearances. Include list indicating valve and its 
application. Include rated capacities; shipping, installed, and operating weights; 
furnished specialties; and accessories. 

1.5 QUALITY ASSURANCE 

A. ASME Compliance: ASME B31.9 for building services piping valves. 

B. ASME Compliance for Ferrous Valves: ASME B16.10 and ASME B16.34 for dimension 
and design criteria. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Prepare valves for shipping as follows: 

1. Protect internal parts against rust and corrosion. 
2. Protect threads, flange faces, grooves, and weld ends. 
3. Set angle, gate, and globe valves closed to prevent rattling. 
4. Set ball and plug valves open to minimize exposure of functional surfaces. 
5. Set butterfly valves closed or slightly open. 
6. Block check valves in either closed or open position. 

B. Use the following precautions during storage: 

1. Maintain valve end protection. 
2. Store valves indoors and maintain at higher than ambient dew-point 

temperature. If outdoor storage is necessary, store valves off the ground in 
watertight enclosures. 

C. Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not 
use handwheels or stems as lifting or rigging points. 

PART 2 - PRODUCTS 

2.1 VALVES, GENERAL 

A. Isolation valves are scheduled on the Drawings. For other general HVAC valve 
applications, use the following: 

1. Throttling Service: Angle, ball, butterfly, or globe valves. 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
GENERAL-DUTY VALVES FOR HVAC  230523 - 3 

2. Pump Discharge: Spring-loaded, lift-disc check valves; and bronze lift check 
valves. 

B. Valve Pressure and Temperature Ratings: Not less than indicated and as required for 
system pressures and temperatures. 

C. If valves with specified SWP classes or CWP ratings are not available, the same types 
of valves with higher SWP class or CWP ratings may be substituted. 

D. For valves not indicated in the Application Schedules, select valves with the following 
end connections: 

1. For Copper Tubing, NPS 2 and Smaller: Solder-joint or threaded ends, except 
provide valves with threaded ends for condenser water, heating hot water, 
steam, and steam condensate services. 

2. For Copper Tubing, NPS 2-1/2 to NPS 4: Flanged, solder-joint, or threaded ends. 
3. For Copper Tubing, NPS 5 and Larger: Flanged ends. 
4. For Steel Piping, NPS 2 and Smaller: Threaded ends. 
5. For Steel Piping, NPS 2-1/2 to NPS 4: Flanged ends. 
6. For Steel Piping, NPS 5 and Larger: Flanged ends. 
7. For Grooved-End Systems: Valve ends may be grooved. Do not use for steam or 

steam condensate piping. 

E. Bronze valves shall be made with dezincification-resistant materials. Bronze valves 
made with copper alloy (brass) containing more than 15 percent zinc are not 
permitted. 

F. Valve Sizes: Same as upstream pipe, unless otherwise indicated. 

G. Valve Actuators: 

1. Chainwheel: For attachment to valves, of size and mounting height, as indicated 
in the "Valve Installation" Article in Part 3. 

2. Gear Drive Operator: For quarter-turn valves NPS 8 and larger. 
3. Handwheel: For valves other than quarter-turn types. 
4. Lever Handle: For quarter-turn valves NPS 6 and smaller. 

H. Extended Valve Stems: On insulated valves. 

I. Valve Flanges: ASME B16.1 for cast-iron valves, ASME B16.5 for steel valves, and 
ASME B16.24 for bronze valves. 

J. Solder Joint: With sockets according to ASME B16.18. 

1. Caution: Disassemble valves when soldering, as recommended by the 
manufacturer, to prevent damage to internal parts. 

K. Threaded: With threads according to ASME B1.20.1. 

L. Valve Bypass and Drain Connections: MSS SP-45. 

2.2 BRONZE BALL VALVES 

A. Bronze Ball Valves, General: MSS SP-110 and have bronze body complying with 
ASTM B 584, except for Class 250 which shall comply with ASTM B 61, full-depth 
ASME B1.20.1 threaded or solder ends, and blowout-proof stems. 
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B. Two-Piece, Full-Port, Bronze Ball Valves with Stainless-Steel Trim: Type 316 stainless-
steel ball and stem, reinforced TFE seats, blow-out-proof stem, with adjustable stem 
packing, soldered or threaded ends; 150 psig SWP and 600-psig CWP ratings. 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; by Conbraco Industries, Inc.; Series 77C-A Series. 
b. Crane Co.; Crane Valves. 
c. Hammond Valve. 
d. Kitz Corporation; Kitz Valves. 
e. Milwaukee Valve Company. 
f. NIBCO INC.; Models S-585-70-66 or T-585-70-66. 
g. Watts Water Technologies, Inc.; Series B6080G2/B6081G2. 

2.3 GENERAL SERVICE BUTTERFLY VALVES 

A. General: MSS SP-67, for bubble-tight shutoff, extended-neck for insulation, disc and 
lining suitable for potable water, unless otherwise indicated, and with the following 
features: 

1. Full lug, and grooved valves shall be suitable for bi-directional dead end service 
at full rated pressure without the use or need of a downstream flange. 

2. Valve sizes NPS 2 through NPS 6 shall have lever lock operator; valve sizes NPS 
8 and larger shall have weatherproof gear operator. 

B. Lug-Style (Single-Flange) Size NPS 2-1/2 through NPS 12 , 200-psig CWP Rating, 
Aluminum-Bronze Disc, EPDM Seat, Ferrous-Alloy Butterfly Valves: Full-lug type with 
ductile-iron body, Type 416 stainless-steel stem, copper bushing, aluminum-bronze 
disc, and molded-in EPDM seat (liner). 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; by Conbraco Industries, Inc.; Series 143 and Series LD 145. 
b. Bray International, Inc. 
c. DeZurik. 
d. Emerson Automation Solutions; Keystone. 
e. Forum Energy Technologies; ABZ Valve. 
f. Hammond Valve. 
g. Milwaukee Valve Company. 
h. NIBCO INC.; LD-2000-3/5. 
i. Tyco Flow Control; Grinnell Flow Control. 
j. Watts Water Technologies. 

2.4 BRONZE CHECK VALVES 

A. Bronze Check Valves, General: MSS SP-80. 

B. Class 150, Bronze, Swing Check Valves with Bronze Disc: ASTM B-62 bronze body and 
seat with regrinding-type bronze disc, Y-pattern design, soldered or threaded end 
connections, and having 300 psig CWP rating. 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 
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a. Apollo Valves; by Conbraco Industries, Inc. 
b. Crane Co.; Crane Valves. 
c. Crane Co.; Stockham Div. 
d. Hammond Valve. 
e. Milwaukee Valve Company; Model 515. 
f. NIBCO INC.; Models S-433-B or T-433-B. 
g. Watts Water Technologies. 

2.5 IRON SWING CHECK VALVES 

A. Iron Swing Check Valves, General: MSS SP-71. 

B. Class 125, Gray-Iron, Standard Swing Check Valves: ASTM A-126, Class B cast-iron 
body and bolted bonnet with flanged end connections; non-asbestos synthetic-fiber 
gaskets; bronze disc and seat; and having 200 psig CWP rating. 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Apollo Valves; by Conbraco Industries, Inc. 
b. Crane Co.; Crane Valves. 
c. Crane Co.; Stockham Div. 
d. Hammond Valve. 
e. Milwaukee Valve Company; Model F-2974. 
f. NIBCO INC.; Model F-918-B. 
g. Watts Water Technologies. 

2.6 BRONZE OR STAINLESS STEEL LIFT CHECK VALVES 

A. Class 125, Lift Check Valves with Nonmetallic Disc: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Bonomi USA, Inc.; Series S800. 
b. Hammond Valve. 
c. Milwaukee Valve Company. 
d. NIBCO INC.; Model S-480-Y or T-480-Y. 
e. The Wm. Powell Company. 

2. Description: 

a. Standard:  MSS SP-80, Type 2. 
b. CWP Rating:  250 psig. 
c. Body Design:  Vertical flow. 
d. Body Material:  ASTM B 584 Alloy C844 bronze; or ASTM A351-CF8M 

stainless steel. 
e. Ends:  Threaded or Solder. 
f. Disc:  PTFE, or TFE. 

2.7 SPRING-LOADED, CENTER-GUIDED LIFT-DISC (SILENT) CHECK VALVES 

A. Lift-Disc Check Valves, General: FCI 74-1 and MIL-V-18436F, with spring-loaded, 
center-guided bronze disc and seat. 
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B. Class 125, Wafer, Lift-Disc Check Valves: Wafer style with cast-iron body with diameter 
made to fit within bolt circle, and having 200 psig CWP rating. 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. NIBCO INC.; Model W-910-B. 
b. Mueller Steam Specialty. 
c. Milwaukee Valve Company. 
d. Hammond Valve. 

C. Class 250, Wafer, Lift-Disc Check Valves: Wafer style with cast-iron body with 
diameter made to fit within bolt circle, and having 400 psig CWP rating. 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. NIBCO INC.; Model W-960-B. 
b. Mueller Steam Specialty. 
c. Milwaukee Valve Company. 
d. Hammond Valve. 

D. Class 125, Globe, Flanged Lift-Disc Check Valves: Globe style with cast-iron body and 
flanged ends, and having 200 psig CWP rating. 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. NIBCO INC.; Model F-910-B. 
b. Mueller Steam Specialty. 
c. Milwaukee Valve Company. 
d. Hammond Valve. 

E. Class 250, Globe, Flanged Lift-Disc Check Valves: Globe style with cast-iron body and 
flanged ends, and having 400 psig CWP rating. 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. NIBCO INC.; Model F-960-B. 
b. Mueller Steam Specialty. 
c. Milwaukee Valve Company. 
d. Hammond Valve. 

2.8 DRAIN VALVES 

A. Ball-Valve-Type, Hose-End Drain Valves: 

1. Bronze ball valve as specified in this Section. 
2. Outlet: Threaded, short nipple with garden-hose thread complying with 

ASME B1.20.7 and cap with brass chain. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine piping system for compliance with requirements for installation tolerances 
and other conditions affecting performance. 

1. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

B. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. 
Remove special packing materials, such as blocks, used to prevent disc movement 
during shipping and handling. 

C. Operate valves in positions from fully open to fully closed. Examine guides and seats 
made accessible by such operations. 

D. Examine threads on valve and mating pipe for form and cleanliness. 

E. Examine mating flange faces for conditions that might cause leakage. Check bolting 
for proper size, length, and material. Verify that gasket is of proper size, that its 
material composition is suitable for service, and that it is free from defects and 
damage. 

F. Do not attempt to repair defective valves; replace with new valves. 

3.2 VALVE INSTALLATION 

A. Piping installation requirements are specified in other Division 20 and 23 Sections. 
Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Install valves with unions or flanges at each piece of equipment arranged to allow 
service, maintenance, and equipment removal without system shutdown. 

C. Locate valves for easy access and provide separate support where necessary. 

D. Install valves in horizontal piping with stem at or above center of pipe. Butterfly valves 
shall be installed with stem horizontal to allow support for the disc and the cleaning 
action of the disc. 

E. Install valves in position to allow full stem movement. 

F. Install chainwheel operators on valves NPS 4and larger and more than 84 inches above 
floor. Extend chains to 60 inches above finished floor elevation. 

G. Install check valves for proper direction of flow and as follows: 

1. Swing Check Valves: In horizontal position with hinge pin level. 
2. Dual-Plate Check Valves: In horizontal or vertical position, between flanges. 
3. Lift Check Valves: With stem upright and plumb. 
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3.3 JOINT CONSTRUCTION 

A. Refer to Division 20 Section "Basic Mechanical Materials and Methods" for basic piping 
joint construction. 

3.4 ADJUSTING 

A. Adjust or replace valve packing after piping systems have been tested and put into 
service but before final adjusting and balancing. Replace valves if persistent leaking 
occurs. 

END OF SECTION 230523  
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 
3. Division 23 Section “Common Work Results for HVAC.” 

1.2 SUMMARY 

A. This Section includes testing, adjusting, and balancing to produce design objectives 
for the following: 
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1. Air Systems: 

a. Constant-volume air systems. 
b. Variable-air-volume systems. 

2. Hydronic Piping Systems: 

a. Constant-flow systems. 
b. Variable-flow systems. 
c. Primary-secondary systems. 

3. HVAC equipment quantitative-performance settings. 
4. Verifying that automatic control devices are functioning properly. 
5. Reporting results of activities and procedures specified in this Section. 

B. Include rebalancing of air systems, or system portions affected by recommended 
sheave changes. 

1.3 DEFINITIONS 

A. Adjust: To regulate fluid flow rate and air patterns at the terminal equipment, such as 
to reduce fan speed or adjust a damper. 

B. AHJ: Authority having jurisdiction. 

C. Balance: To proportion flows within the distribution system, including submains, 
branches, and terminals, according to indicated quantities. 

D. Barrier or Boundary: Construction, either vertical or horizontal, such as walls, floors, 
and ceilings that are designed and constructed to restrict the movement of airflow, 
smoke, odors, and other pollutants. 

E. Draft: A current of air, when referring to localized effect caused by one or more factors 
of high air velocity, low ambient temperature, or direction of airflow, whereby more 
heat is withdrawn from a person's skin than is normally dissipated. 

F. NC: Noise criteria. 

G. Procedure: An approach to and execution of a sequence of work operations to yield 
repeatable results. 

H. RC: Room criteria. 

I. Report Forms: Test data sheets for recording test data in logical order. 

J. Smoke-Control System: An engineered system that uses fans to produce airflow and 
pressure differences across barriers to limit smoke movement. 

K. Smoke-Control Zone: A space within a building that is enclosed by smoke barriers and 
is a part of a zoned smoke-control system. 

L. Stair Pressurization System: A type of smoke-control system that is intended to 
positively pressurize stair towers with outdoor air by using fans to keep smoke from 
contaminating the stair towers during an alarm condition. 
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M. Static Head: The pressure due to the weight of the fluid above the point of 
measurement. In a closed system, static head is equal on both sides of the pump. 

N. Suction Head: The height of fluid surface above the centerline of the pump on the 
suction side. 

O. System Effect: A phenomenon that can create undesired or unpredicted conditions 
that cause reduced capacities in all or part of a system. 

P. System Effect Factors: Allowances used to calculate a reduction of the performance 
ratings of a fan when installed under conditions different from those presented when 
the fan was performance tested. 

Q. TAB: Testing, adjusting, and balancing. 

R. Terminal: A point where the controlled medium, such as fluid or energy, enters or 
leaves the distribution system. 

S. Test: A procedure to determine quantitative performance of systems or equipment. 

T. Testing, Adjusting, and Balancing (TAB) Firm: The entity responsible for performing 
and reporting TAB procedures. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: Within 15 days from Contractor's Notice to Proceed, submit 2 
copies of evidence that TAB firm and this Project's TAB team members meet the 
qualifications specified in "Quality Assurance" Article. 

B. Contract Documents Examination Report: Within 15 days from Contractor's Notice to 
Proceed, submit 2 copies of the Contract Documents review report as specified in 
Part 3. 

C. Strategies and Procedures Plan: Within 30 days from Contractor's Notice to Proceed, 
submit 2 copies of TAB strategies and step-by-step procedures as specified in Part 3 
"Preparation" Article. Include a complete set of report forms intended for use on this 
Project. 

D. Sample Report Forms: Submit two sets of sample TAB report forms. 

1.5 CLOSEOUT SUBMITTALS 

A. Certified TAB Reports: Submit two copies of reports prepared, as specified in this 
Section, on approved forms certified by TAB firm. 

B. Warranties specified in this Section. 

1.6 QUALITY ASSURANCE 

A. TAB Firm Qualifications: Engage a TAB firm certified by either AABC or NEBB. 

B. Smoke Control System Testing: Additional Qualifications: The TAB firm shall be a 
qualified special inspector for the smoke control systems. The TAB firm for the smoke 
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control system shall have expertise in fire protection engineering, mechanical 
engineering, and certification as air balancers. 

C. Approved Balancing Agencies. 

1. The TAB firm selected shall be from the following list: 

a. Airflow Testing Inc.; Lincoln Park, MI. 
b. Barmatic Inspecting Co., Inc.; Lincoln Park, MI. 
c. Ener-Tech Testing; Holly, MI. 
d. Enviro-Aire/Total Balance Co.; St. Clair Shores, MI. 
e. International Test & Balance Inc.; Southfield, MI. 
f. Quality Air Service; Portage, MI. 
g. Third Coast Test and Balance 
h. Pro-MEC Engineering Services, Inc.; Grand Ledge, MI. 
i. Hi-Tech Test & Balance; Freeland, MI. 

D. TAB Conference: Meet with Owner's and Architect's representatives on approval of 
TAB strategies and procedures plan to develop a mutual understanding of the details. 
Ensure the participation of TAB team members, equipment manufacturers' authorized 
service representatives, HVAC controls installers, and other support personnel. 
Provide seven days' advance notice of scheduled meeting time and location. 

1. Agenda Items: Include at least the following: 

a. Submittal distribution requirements. 
b. The Contract Documents examination report. 
c. TAB plan. 
d. Work schedule and Project-site access requirements. 
e. Coordination and cooperation of trades and subcontractors. 
f. Coordination of documentation and communication flow. 

E. Certification of TAB Reports: Certify TAB field data reports. This certification includes 
the following: 

1. Review field data reports to validate accuracy of data and to prepare certified 
TAB reports. 

2. Certify that TAB team complied with approved TAB plan and the procedures 
specified and referenced in this Specification. 

F. TAB Report Forms: Use standard forms from AABC's "National Standards for Testing 
and Balancing Heating, Ventilating, and Air Conditioning Systems" or NEBB's 
"Procedural Standards for Testing, Adjusting, and Balancing of Environmental 
Systems." TAB firm's forms approved by Architect. 

G. Instrumentation Type, Quantity, and Accuracy: As described in AABC's "National 
Standards for Testing and Balancing Heating, Ventilating, and Air Conditioning 
Systems or NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of 
Environmental Systems," Section II, "Required Instrumentation for NEBB Certification." 

H. Instrumentation Calibration: Calibrate instruments at least every six months or more 
frequently if required by instrument manufacturer. 

1. Keep an updated record of instrument calibration that indicates date of 
calibration and the name of party performing instrument calibration. 
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1.7 PROJECT CONDITIONS 

A. Full Owner Occupancy: Owner will occupy the site and existing building during entire 
TAB period. Cooperate with Owner during TAB operations to minimize conflicts with 
Owner's operations. 

1.8 COORDINATION 

A. Coordinate the efforts of factory-authorized service representatives for systems and 
equipment, HVAC controls installers, and other mechanics to operate HVAC systems 
and equipment to support and assist TAB activities. 

B. Notice: Provide seven days advance notice for each test. Include scheduled test dates 
and times. 

C. Perform TAB after leakage and pressure tests on air and water distribution systems 
have been satisfactorily completed. 

1.9 WARRANTY 

A. National Project Performance Guarantee: If AABC standards are used, provide a 
guarantee on AABC's "National Standards for Testing and Balancing Heating, 
Ventilating, and Air Conditioning Systems" forms stating that AABC will assist in 
completing requirements of the Contract Documents if TAB firm fails to comply with 
the Contract Documents. Guarantee includes the following provisions: 

1. The certified TAB firm has tested and balanced systems according to the 
Contract Documents. 

2. Systems are balanced to optimum performance capabilities within design and 
installation limits. 

B. Special Guarantee: If NEBB standards are used, provide a guarantee on NEBB forms 
stating that NEBB will assist in completing requirements of the Contract Documents if 
TAB firm fails to comply with the Contract Documents. Guarantee shall include the 
following provisions: 

1. The certified TAB firm has tested and balanced systems according to the 
Contract Documents. 

2. Systems are balanced to optimum performance capabilities within design and 
installation limits. 

PART 2 - PRODUCTS (NOT APPLICABLE) 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine system and equipment installations to verify that they are complete and that 
testing, cleaning, adjusting, and commissioning specified in individual Sections have 
been performed. 

B. Examine system and equipment test reports. 
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C. Examine HVAC system and equipment installations to verify that indicated balancing 
devices, such as test ports, gage cocks, thermometer wells, flow-control devices, 
balancing valves and fittings, and manual volume dampers, are properly installed, and 
that their locations are accessible and appropriate for effective balancing and for 
efficient system and equipment operation. 

D. Examine HVAC equipment to ensure that clean filters have been installed, bearings are 
greased, belts are aligned and tight, and equipment with functioning controls is ready 
for operation. 

E. Examine terminal units, such as variable-air-volume boxes, to verify that they are 
accessible and their controls are connected and functioning. 

F. Examine plenum ceilings used for supply air to verify that they are airtight. Verify that 
pipe penetrations and other holes are sealed. 

G. Examine strainers for clean screens and proper perforations. 

H. Examine three-way valves for proper installation for their intended function of 
diverting or mixing fluid flows. 

I. Examine heat-transfer coils for correct piping connections and for clean and straight 
fins. 

J. Examine system pumps to ensure absence of entrained air in the suction piping. 

K. Examine equipment for installation and for properly operating safety interlocks and 
controls. 

L. Examine automatic temperature system components to verify the following: 

1. Dampers, valves, and other controlled devices are operated by the intended 
controller. 

2. Dampers and valves are in the position indicated by the controller. 
3. Integrity of valves and dampers for free and full operation and for tightness of 

fully closed and fully open positions. This includes dampers in multizone units, 
mixing boxes, and variable-air-volume terminals. 

4. Automatic modulating and shutoff valves, including two-way valves and three-
way mixing and diverting valves, are properly connected. 

5. Thermostats and humidistats are located to avoid adverse effects of sunlight, 
drafts, and cold walls. 

6. Sensors are located to sense only the intended conditions. 
7. Sequence of operation for control modes is according to the Contract 

Documents. 
8. Controller set points are set at indicated values. 
9. Interlocked systems are operating. 
10. Changeover from heating to cooling mode occurs according to indicated values. 

M. Report deficiencies discovered before and during performance of TAB procedures. 
Observe and record system reactions to changes in conditions. Record default set 
points if different from indicated values. 

3.2 PREPARATION 

A. Prepare a TAB plan that includes strategies and step-by-step procedures. 
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B. Perform the following field tests and inspections according to SMACNA's "HVAC Air 
Duct Leakage Test Manual" and prepare test reports: 

1. Conduct tests at static pressures equal to maximum design pressure of system 
or section being tested. If pressure classes are not indicated, test entire system 
at maximum system design pressure. Do not pressurize systems above 
maximum design operating pressure. Give seven days' advance notice for 
testing. 

2. Maximum Allowable Leakage: Leakage rates are scheduled on the Drawings. 

C. Complete system readiness checks and prepare system readiness reports. Verify the 
following: 

1. Permanent electrical power wiring is complete. 
2. Hydronic systems are filled, clean, and free of air. 
3. Automatic temperature-control systems are operational. 
4. Equipment and duct access doors are securely closed. 
5. Balance, smoke, and fire dampers are open. 
6. Isolating and balancing valves are open and control valves are operational. 
7. Ceilings are installed in critical areas where air-pattern adjustments are required 

and access to balancing devices is provided. 
8. Windows and doors can be closed so indicated conditions for system operations 

can be met. 

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system according to the 
procedures contained in AABC's "National Standards for Testing and Balancing 
Heating, Ventilating, and Air Conditioning Systems" or NEBB's "Procedural Standards 
for Testing, Adjusting, and Balancing of Environmental Systems" and this Section. 

B. Mark equipment and balancing device settings with paint or other suitable, permanent 
identification material, including damper-control positions, valve position indicators, 
fan-speed-control levers, and similar controls and devices, to show final settings. 

C. Take and report testing and balancing measurements in inch-pound (IP) units. 

3.4 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS 

A. Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors 
and recommended testing procedures. Crosscheck the summation of required outlet 
volumes with required fan volumes. 

B. Prepare schematic diagrams of systems' "as-built" duct layouts, or use reduced scale 
contract documents with notations. 

C. For variable-air-volume systems, develop a plan to simulate diversity. 

D. Determine the best locations in main and branch ducts for accurate duct airflow 
measurements. 

E. Cut insulation, and drill ducts for installation of test probes to the minimum extent 
necessary to allow adequate performance of procedures. After testing and balancing, 
close probe holes with neat patches, neoprene plugs, threaded plugs, or threaded 
twist-on metal caps, and patch insulation with new materials identical to those 
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removed. Restore vapor barrier and finish according to insulation Specifications for 
this Project. 

F. Check air flow within intake plenums and mixing boxes of air handling units for uneven 
flow and temperature stratification and prepare a report with profile elevations 
(temperature and velocity) on each coil or filter face for Architect. 

G. Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 

H. Verify that motor starters are equipped with properly sized thermal protection. 

I. Check dampers for proper position to achieve desired airflow path. 

J. Check for airflow blockages. 

K. Check condensate drains for proper connections and functioning. 

L. Check for proper sealing of air-handling unit components. 

M. Check for proper sealing of air duct system. 

3.5 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS 

A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed 
listed by fan manufacturer. 

1. Measure fan static pressures to determine actual static pressure as follows: 

a. Measure outlet static pressure as far downstream from the fan as 
practicable and upstream from restrictions in ducts such as elbows and 
transitions. 

b. Measure static pressure directly at the fan outlet. 
c. Measure inlet static pressure of single-inlet fans in the inlet duct as near 

the fan as possible, upstream from flexible connection and downstream 
from duct restrictions. 

d. Measure inlet static pressure of double-inlet fans through the wall of the 
plenum that houses the fan. 

2. Measure static pressure across each component that makes up an air-handling 
unit, rooftop unit, and other air-handling and -treating equipment. 

a. Simulate dirty filter operation and record the point at which maintenance 
personnel must change filters. 

3. Measure static pressures entering and leaving other devices such as sound traps, 
heat recovery equipment, and air washers, under final balanced conditions. 

4. Select required sheave sizes and advise installing contractor to change drive 
sheaves accordingly. Refer to Division 23 Section “Common Work Results for 
HVAC” for additional requirements. 

5. When existing air handling systems require rebalancing, select required sheave 
sizes and advise Mechanical Contractor to change drive sheaves accordingly. 
Refer to Division 23 Section “Common Work Results for HVAC” for additional 
requirements. 

6. Do not recommend fan-speed adjustments that result in motor overload. Consult 
equipment manufacturers about fan-speed safety factors. Modulate dampers 
and measure fan-motor amperage to ensure that no overload will occur. Measure 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
TESTING, ADJUSTING, AND BALANCING  230593 - 9 

amperage in full cooling, full heating, economizer, and any other operating 
modes to determine the maximum required brake horsepower. 

B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to 
indicated airflows within specified tolerances. 

1. Measure airflow at a point downstream from the balancing damper and adjust 
volume dampers until the proper airflow is achieved. 

a. Where sufficient space in submain and branch ducts is unavailable for 
Pitot-tube traverse measurements, measure airflow at terminal outlets and 
inlets and calculate the total airflow for that zone. 

2. Remeasure each submain and branch duct after all have been adjusted. Continue 
to adjust submain and branch ducts to indicated airflows within specified 
tolerances. 

C. Measure terminal outlets and inlets without making adjustments. 

1. Measure terminal outlets using a direct-reading hood or outlet manufacturer's 
written instructions and calculating factors. 

D. Adjust terminal outlets and inlets for each space to indicated airflows within specified 
tolerances of indicated values. Make adjustments using volume dampers rather than 
extractors and the dampers at air terminals. 

1. Adjust each outlet in same room or space to within specified tolerances of 
indicated quantities without generating noise levels above the limitations 
prescribed by the Contract Documents. 

2. Adjust patterns of adjustable outlets for proper distribution without drafts. 

3.6 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS 

A. Compensating for Diversity: When the total airflow of all terminal units is more than 
the indicated airflow of the fan, place a selected number of terminal units at a 
maximum set-point airflow condition until the total airflow of the terminal units equals 
the indicated airflow of the fan. Select the reduced airflow terminal units so they are 
distributed evenly among the branch ducts. 

B. Pressure-Independent, Variable-Air-Volume Systems: After the fan systems have been 
adjusted, adjust the variable-air-volume systems as follows: 

1. Set outside-air dampers at minimum, and return- and exhaust-air dampers at a 
position that simulates full-cooling load. 

2. Select the terminal unit that is most critical to the supply-fan airflow and static 
pressure. Measure static pressure. Adjust system static pressure so the entering 
static pressure for the critical terminal unit is not less than the sum of terminal-
unit manufacturer's recommended minimum inlet static pressure plus the static 
pressure needed to overcome terminal-unit discharge system losses. 

3. Measure total system airflow. Adjust to within indicated airflow. 
4. Set terminal units at maximum airflow and adjust controller or regulator to 

deliver the designed maximum airflow. Use terminal-unit manufacturer's written 
instructions to make this adjustment. When total airflow is correct, balance the 
air outlets downstream from terminal units as described for constant-volume air 
systems. 

5. Set terminal units at minimum airflow and adjust controller or regulator to deliver 
the designed minimum airflow. 
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a. If air outlets are out of balance at minimum airflow, report the condition 
but leave outlets balanced for maximum airflow. 

6. Remeasure the return airflow to the fan while operating at maximum return 
airflow and minimum outside airflow. Adjust the fan and balance the return-air 
ducts and inlets as described for constant-volume air systems. 

7. Measure static pressure at the most critical terminal unit and adjust the static-
pressure controller at the main supply-air sensing station to ensure that 
adequate static pressure is maintained at the most critical unit. 

8. Record the final fan performance data. 

3.7 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS 

A. Prepare test reports with pertinent design data and number in sequence starting at 
pump to end of system. Check the sum of branch-circuit flows against approved pump 
flow rate. 

B. Prepare schematic diagrams of systems' "as-built" piping layouts, or use reduced scale 
contract documents with notations. 

C. Prepare hydronic systems for testing and balancing according to the following, in 
addition to the general preparation procedures specified above: 

1. Open all manual valves for maximum flow. 
2. Check expansion tank liquid level. 
3. Check makeup-water-station pressure gage for adequate pressure for highest 

vent. 
4. Check flow-control valves for specified sequence of operation and set at 

indicated flow. 
5. Set system controls so automatic valves are wide open to heat exchangers. 
6. Set differential-pressure control valves at the specified differential pressure. Do 

not set at fully closed position when pump is positive-displacement type unless 
several terminal valves are kept open. 

7. Check pump-motor load. If motor is overloaded, throttle main flow-balancing 
device so motor nameplate rating is not exceeded. 

3.8 PROCEDURES FOR HYDRONIC SYSTEMS 

A. Measure water flow at pumps. Use the following procedures, except for positive-
displacement pumps: 

1. Verify impeller size by operating the pump with the discharge valve closed. Read 
pressure differential across the pump. Convert pressure to head and correct for 
differences in gage heights. Note the point on manufacturer's pump curve at 
zero flow and verify that the pump has the intended impeller size. 

2. Check system resistance. With all valves open, read pressure differential across 
the pump and mark pump manufacturer's head-capacity curve. Adjust pump 
discharge valve until indicated water flow is achieved. 

3. Verify pump-motor brake horsepower. Calculate the intended brake horsepower 
for the system based on pump manufacturer's performance data. Compare 
calculated brake horsepower with nameplate data on the pump motor. Report 
conditions where actual amperage exceeds motor nameplate amperage. 

4. Report flow rates that are not within plus or minus 5 percent of design. 

B. Set calibrated balancing valves, if installed, at calculated presettings. 
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C. Measure flow at all stations and adjust, where necessary, to obtain first balance. 

1. System components that have Cv rating or an accurately cataloged flow-
pressure-drop relationship may be used as a flow-indicating device. 

D. Measure flow at main balancing station and set main balancing device to achieve flow 
that is 5 percent greater than indicated flow. 

E. Adjust balancing stations to within specified tolerances of indicated flow rate as 
follows: 

1. Determine the balancing station with the highest percentage over indicated flow. 
2. Adjust each station in turn, beginning with the station with the highest 

percentage over indicated flow and proceeding to the station with the lowest 
percentage over indicated flow. 

3. Record settings and mark balancing devices. 

F. Equipment installed with pressure independent characterized control valves (PICCV) 
or auto-flow devices shall not require hydronic system balancing unless multiple coils 
are served from a single PICCV or auto-flow device (Example: AHU coil banks with 
multiple coils). Measure flow through each PICCV and auto-flow device and compare 
measured value to scheduled value to verify proper valve/device was installed and 
valve is functional. Verify flow for 100 percent of PICCV and auto-flow devices. Report 
discrepancies. 

G. Measure pump flow rate and make final measurements of pump amperage, voltage, 
rpm, pump heads, and systems' pressures and temperatures including outdoor-air 
temperature. 

H. Measure the differential-pressure control valve settings existing at the conclusions of 
balancing, and record in report. 

3.9 PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS 

A. Balance variable-flow hydronic systems by following the “Proportional Balancing 
Procedure” in accordance with NEBB. 

B. Balance systems with automatic two- and three-way control valves by setting systems 
at maximum flow through heat-exchange terminals and proceed as specified above 
for hydronic systems. 

3.10 PROCEDURES FOR PRIMARY-SECONDARY-FLOW HYDRONIC SYSTEMS 

A. Balance the primary system crossover flow first, then balance the secondary system. 

3.11 PROCEDURES FOR HEAT EXCHANGERS 

A. Measure water flow through all circuits. 

B. Adjust water flow to within specified tolerances. 

C. Measure inlet and outlet water temperatures. 

D. Record inlet steam pressure. 
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E. Record settings of safety and relief valves. 

3.12 PROCEDURES FOR MOTORS 

A. Motors, 1/2 HP and Larger: Test at final balanced conditions and record the following 
data: 

1. Manufacturer, model, and serial numbers. 
2. Motor horsepower rating. 
3. Motor rpm. 
4. Efficiency rating. 
5. Power factor. 
6. Nameplate and measured voltage, each phase. 
7. Nameplate and measured amperage, each phase. 
8. Starter size. 
9. Starter thermal-protection-element rating. 
10. Fuse number and size. 

B. Motors Driven by Variable-Frequency Controllers: Test for proper operation at speeds 
varying from minimum to maximum. Test the manual bypass for the controller to prove 
proper operation. Record observations, including controller manufacturer, model and 
serial numbers, and nameplate data. 

3.13 PROCEDURES FOR CHILLERS 

A. Balance water flow through each evaporator and condenser to within specified 
tolerances of indicated flow with all pumps operating. With only one chiller operating 
in a multiple chiller installation, do not exceed the flow for the maximum tube velocity 
recommended by the chiller manufacturer. Measure and record the following data with 
each chiller operating at design conditions: 

1. Evaporator-water entering and leaving temperatures, pressure drop, and water 
flow. 

2. If water-cooled chillers, condenser-water entering and leaving temperatures, 
pressure drop, and water flow. 

3. Evaporator and condenser refrigerant temperatures and pressures. 
4. Power factor if factory-installed instrumentation is furnished for measuring 

kilowatt. 
5. Kilowatt input if factory-installed instrumentation is furnished for measuring 

kilowatt. 
6. Capacity: Calculate in tons of cooling. 
7. If air-cooled chillers, verify condenser-fan rotation and record fan and motor 

data including number of fans and entering- and leaving-air temperatures. 

3.14 PROCEDURES FOR CONDENSING UNITS 

A. Verify proper rotation of fans. 

B. Measure entering- and leaving-air temperatures. 

C. Record compressor data. 
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3.15 PROCEDURES FOR HEAT-TRANSFER COILS 

A. Water Coils: Measure the following data for each coil: 

1. Entering- and leaving-water temperature. 
2. Water flow rate. 
3. Water pressure drop. 
4. Dry-bulb temperature of entering and leaving air. 
5. Wet-bulb temperature of entering and leaving air for cooling coils. 
6. Airflow. 
7. Air pressure drop. 

B. Refrigerant Coils: Measure the following data for each coil: 

1. Dry-bulb temperature of entering and leaving air. 
2. Wet-bulb temperature of entering and leaving air. 
3. Airflow. 
4. Air pressure drop. 
5. Refrigerant suction pressure and temperature. 

3.16 PROCEDURES FOR TEMPERATURE MEASUREMENTS 

A. During TAB, report the need for adjustment in temperature regulation within the 
automatic temperature-control system. 

B. Measure indoor wet- and dry-bulb temperatures every other hour for a period of two 
successive eight-hour days, in each separately controlled zone, to prove correctness 
of final temperature settings. Measure when the building or zone is occupied. 

C. Measure outside-air, wet- and dry-bulb temperatures. 

3.17 TOLERANCES 

A. Set HVAC system airflow and water flow rates within the following tolerances: 

1. Air handling equipment and outlets: Plus or minus 5 percent. 

a. Where terminal units serve 6 or more outlets within a common room, 
individual outlets may vary up to plus or minus 10 percent of design flow 
rates if overall room supply is within plus or minus 5 percent. 

2. Heating-Water Flow Rate: 0 to minus 10 percent. 
3. Cooling-Water Flow Rate: 0 to plus 5 percent. 

3.18 REPORTING 

A. Initial Construction-Phase Report: Based on examination of the Contract Documents 
as specified in "Examination" Article, prepare a report on the adequacy of design for 
systems' balancing devices. Recommend changes and additions to systems' balancing 
devices to facilitate proper performance measuring and balancing. Recommend 
changes and additions to HVAC systems and general construction to allow access for 
performance measuring and balancing devices. 
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B. Status Reports: As Work progresses, prepare reports to describe completed 
procedures, procedures in progress, and scheduled procedures. Include a list of 
deficiencies and problems found in systems being tested and balanced. Prepare a 
separate report for each system and each building floor for systems serving multiple 
floors. 

3.19 FINAL REPORT 

A. General: Typewritten, or computer printout in letter-quality font, on standard bond 
paper, in three-ring binder, tabulated and divided into sections by tested and balanced 
systems. 

B. Include a certification sheet in front of binder signed and sealed by the certified testing 
and balancing engineer. 

1. Include a list of instruments used for procedures, along with proof of calibration. 

C. Final Report Contents: In addition to certified field report data, include the following: 

1. Pump curves. 
2. Fan curves. 
3. Manufacturers' test data. 
4. Field test reports prepared by system and equipment installers. 
5. Other information relative to equipment performance, but do not include Shop 

Drawings and Product Data. 

D. General Report Data: In addition to form titles and entries, include the following data 
in the final report, as applicable: 

1. Title page. 
2. Name and address of TAB firm. 
3. Project name. 
4. Project location. 
5. Architect's name and address. 
6. Engineer's name and address. 
7. Contractor's name and address. 
8. Report date. 
9. Signature of TAB firm who certifies the report. 
10. Table of Contents with the total number of pages defined for each section of the 

report. Number each page in the report. 
11. Summary of contents including the following: 

a. Indicated versus final performance. 
b. Notable characteristics of systems. 
c. Description of system operation sequence if it varies from the Contract 

Documents. 

12. Nomenclature sheets for each item of equipment. 
13. Notes to explain why certain final data in the body of reports varies from 

indicated values. 
14. Test conditions for fans and pump performance forms including the following: 

a. Settings for outside-, return-, and exhaust-air dampers. 
b. Conditions of filters. 
c. Cooling coil, wet- and dry-bulb conditions. 
d. Face and bypass damper settings at coils. 
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e. Fan drive settings including settings and percentage of maximum pitch 
diameter. 

f. Inlet vane settings for variable-air-volume systems. 
g. Settings for supply-air, static-pressure controller. 
h. Other system operating conditions that affect performance. 

E. System Diagrams: Include schematic layouts of air and hydronic distribution systems. 
Present each system with single-line diagram and include the following: 

1. Quantities of outside, supply, return, and exhaust airflows. 
2. Water flow rates. 
3. Terminal units. 
4. Balancing stations. 

F. Air-Handling Unit Test Reports: For air-handling units with coils, include the following: 

1. Unit Data: Include the following: 

a. Unit identification. 
b. Location. 
c. Make and type. 
d. Model number and unit size. 
e. Manufacturer's serial number. 
f. Unit arrangement and class. 
g. Discharge arrangement. 
h. Sheave make, size in inches, and bore. 
i. Sheave dimensions, center-to-center, and amount of adjustments in 

inches. 
j. Number of belts, make, and size. 
k. Number of filters, type, and size. 

2. Motor Data: 

a. Make and frame type and size. 
b. Horsepower and rpm. 
c. Volts, phase, and hertz. 
d. Full-load amperage and service factor. 
e. Sheave make, size in inches, and bore. 
f. Sheave dimensions, center-to-center, and amount of adjustments in 

inches. 
g. Power factor efficiency. 

3. Test Data (Indicated and Actual Values): 

a. Total airflow rate in cfm. 
b. Total system static pressure in inches wg. 
c. Fan rpm. 
d. Discharge static pressure in inches wg. 
e. Filter static-pressure differential in inches wg. 
f. Preheat coil static-pressure differential in inches wg. 
g. Cooling coil static-pressure differential in inches wg. 
h. Heating coil static-pressure differential in inches wg. 
i. Outside airflow in cfm. 
j. Return airflow in cfm. 
k. Outside-air damper position. 
l. Return-air damper position. 
m. Vortex damper position. 
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G. Apparatus-Coil Test Reports: 

1. Coil Data: 

a. System identification. 
b. Location. 
c. Coil type. 
d. Number of rows. 
e. Fin spacing in fins per inch o.c. 
f. Make and model number. 
g. Face area in sq. ft. 
h. Tube size in NPS. 
i. Tube and fin materials. 
j. Circuiting arrangement. 

2. Test Data (Indicated and Actual Values): 

a. Airflow rate in cfm. 
b. Average face velocity in fpm. 
c. Air pressure drop in inches wg. 
d. Outside-air, wet- and dry-bulb temperatures in deg F. 
e. Return-air, wet- and dry-bulb temperatures in deg F. 
f. Entering-air, wet- and dry-bulb temperatures in deg F. 
g. Leaving-air, wet- and dry-bulb temperatures in deg F. 
h. Water flow rate in gpm. 
i. Water pressure differential in feet of head or psig. 
j. Entering-water temperature in deg F. 
k. Leaving-water temperature in deg F. 

H. Gas- and Oil-Fired Heat Apparatus Test Reports: In addition to manufacturer's factory 
startup equipment reports, include the following: 

1. Unit Data: 

a. System identification. 
b. Location. 
c. Make and type. 
d. Model number and unit size. 
e. Manufacturer's serial number. 
f. Fuel type in input data. 
g. Output capacity in Btuh. 
h. Ignition type. 
i. Burner-control types. 
j. Motor horsepower and rpm. 
k. Motor volts, phase, and hertz. 
l. Motor full-load amperage and service factor. 
m. Sheave make, size in inches, and bore. 
n. Sheave dimensions, center-to-center, and amount of adjustments in 

inches. 

2. Test Data (Indicated and Actual Values): 

a. Total airflow rate in cfm. 
b. Entering-air temperature in deg F. 
c. Leaving-air temperature in deg F. 
d. Air temperature differential in deg F. 
e. Entering-air static pressure in inches wg. 
f. Leaving-air static pressure in inches wg. 
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g. Air static-pressure differential in inches wg. 
h. Low-fire fuel input in Btuh. 
i. High-fire fuel input in Btuh. 
j. Manifold pressure in psig. 
k. High-temperature-limit setting in deg F. 
l. Operating set point in Btuh. 
m. Motor voltage at each connection. 
n. Motor amperage for each phase. 
o. Heating value of fuel in Btuh. 

I. Fan Test Reports: For supply, return, and exhaust fans, include the following: 

1. Fan Data: 

a. System identification. 
b. Location. 
c. Make and type. 
d. Model number and size. 
e. Manufacturer's serial number. 
f. Arrangement and class. 
g. Sheave make, size in inches, and bore. 
h. Sheave dimensions, center-to-center, and amount of adjustments in 

inches. 

2. Motor Data: 

a. Make and frame type and size. 
b. Horsepower and rpm. 
c. Volts, phase, and hertz. 
d. Full-load amperage and service factor. 
e. Sheave make, size in inches, and bore. 
f. Sheave dimensions, center-to-center, and amount of adjustments in 

inches. 
g. Number of belts, make, and size. 

3. Test Data (Indicated and Actual Values): 

a. Total airflow rate in cfm. 
b. Total system static pressure in inches wg. 
c. Fan rpm. 
d. Discharge static pressure in inches wg. 
e. Suction static pressure in inches wg. 

J. Round, Flat-Oval, and Rectangular Duct Traverse Reports: Include a diagram with a 
grid representing the duct cross-section and record the following: 

1. Report Data: 

a. System and air-handling unit number. 
b. Location and zone. 
c. Traverse air temperature in deg F. 
d. Duct static pressure in inches wg. 
e. Duct size in inches. 
f. Duct area in sq. ft. 
g. Indicated airflow rate in cfm. 
h. Indicated velocity in fpm. 
i. Actual airflow rate in cfm. 
j. Actual average velocity in fpm. 
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k. Barometric pressure in psig. 

K. Air-Terminal-Device Reports: 

1. Unit Data: 

a. System and air-handling unit identification. 
b. Location and zone. 
c. Test apparatus used. 
d. Area served. 
e. Air-terminal-device make. 
f. Air-terminal-device number from system diagram. 
g. Air-terminal-device type and model number. 
h. Air-terminal-device size. 
i. Air-terminal-device effective area in sq. ft. 

2. Test Data (Indicated and Actual Values): 

a. Airflow rate in cfm. 
b. Air velocity in fpm. 
c. Preliminary airflow rate as needed in cfm. 
d. Preliminary velocity as needed in fpm. 
e. Final airflow rate in cfm. 
f. Final velocity in fpm. 
g. Space temperature in deg F. 

L. System-Coil Reports: For reheat coils and water coils of terminal units, include the 
following: 

1. Unit Data: 

a. System and air-handling unit identification. 
b. Location and zone. 
c. Room or riser served. 
d. Coil make and size. 
e. Flowmeter type. 

2. Test Data (Indicated and Actual Values): 

a. Airflow rate in cfm. 
b. Entering-water temperature in deg F. 
c. Leaving-water temperature in deg F. 
d. Water pressure drop in feet of head or psig. 
e. Entering-air temperature in deg F. 
f. Leaving-air temperature in deg F. 

M. Packaged Chiller Reports: 

1. Unit Data: 

a. Unit identification. 
b. Make and model number. 
c. Manufacturer's serial number. 
d. Refrigerant type and capacity in gal. 
e. Starter type and size. 
f. Starter thermal protection size. 
g. Compressor make and model number. 
h. Compressor manufacturer's serial number. 
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2. Water-Cooled Condenser Test Data (Indicated and Actual Values): 

a. Entering-water temperature in deg F. 
b. Leaving-water temperature in deg F. 
c. Entering-water pressure in feet of head or psig. 
d. Water pressure differential in feet of head or psig. 

3. Air-Cooled Condenser Test Data (Indicated and Actual Values): 

a. Entering- and leaving-air temperature in deg F. 

4. Evaporator Test Reports (Indicated and Actual Values): 

a. Entering-water temperature in deg F. 
b. Leaving-water temperature in deg F. 
c. Entering-water pressure in feet of head or psig. 
d. Water pressure differential in feet of head or psig. 

5. Compressor Test Data (Indicated and Actual Values): 

a. Voltage at each connection. 
b. Amperage for each phase. 
c. Kilowatt input. 
d. Crankcase heater kilowatt. 
e. Chilled-water control set point in deg F. 
f. Condenser-water control set point in deg F. 

6. Refrigerant Test Data (Indicated and Actual Values): 

a. Oil level. 
b. Refrigerant level. 

N. Compressor and Condenser Reports: For refrigerant side of unitary systems, stand-
alone refrigerant compressors, air-cooled condensing units, or water-cooled 
condensing units, include the following: 

1. Unit Data: 

a. Unit identification. 
b. Location. 
c. Unit make and model number. 
d. Compressor make. 
e. Compressor model and serial numbers. 

2. Test Data (Indicated and Actual Values): 

a. Inlet-duct static pressure in inches wg. 
b. Outlet-duct static pressure in inches wg. 
c. Entering-air, dry-bulb temperature in deg F. 
d. Leaving-air, dry-bulb temperature in deg F. 
e. Condenser entering-water temperature in deg F. 
f. Condenser leaving-water temperature in deg F. 
g. Condenser-water temperature differential in deg F. 
h. Condenser entering-water pressure in feet of head or psig. 
i. Condenser leaving-water pressure in feet of head or psig. 
j. Condenser-water pressure differential in feet of head or psig. 
k. Control settings. 
l. Voltage at each connection. 
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m. Amperage for each phase. 
n. Kilowatt input. 
o. Crankcase heater kilowatt. 
p. Number of fans. 
q. Condenser fan rpm. 
r. Condenser fan airflow rate in cfm. 
s. Condenser fan motor make, frame size, rpm, and horsepower. 
t. Condenser fan motor voltage at each connection. 
u. Condenser fan motor amperage for each phase. 

O. Heat-Exchanger/Converter Test Reports: For steam and hot-water heat exchangers, 
include the following: 

1. Unit Data: 

a. Unit identification. 
b. Location. 
c. Service. 
d. Make and type. 
e. Model and serial numbers. 
f. Ratings. 

2. Primary Water Test Data (Indicated and Actual Values): 

a. Entering-water temperature in deg F. 
b. Leaving-water temperature in deg F. 
c. Entering-water pressure in feet of head or psig. 
d. Water pressure differential in feet of head or psig. 
e. Water flow rate in gpm. 

3. Secondary Water Test Data (Indicated and Actual Values): 

a. Entering-water temperature in deg F. 
b. Leaving-water temperature in deg F. 
c. Entering-water pressure in feet of head or psig. 
d. Water pressure differential in feet of head or psig. 
e. Water flow rate in gpm. 

P. Pump Test Reports: Calculate impeller size by plotting the shutoff head on pump 
curves and include the following: 

1. Unit Data: 

a. Unit identification. 
b. Location. 
c. Service. 
d. Make and size. 
e. Model and serial numbers. 
f. Water flow rate in gpm. 
g. Water pressure differential in feet of head or psig. 
h. Required net positive suction head in feet of head or psig. 
i. Pump rpm. 
j. Impeller diameter in inches. 
k. Motor make and frame size. 
l. Motor horsepower and rpm. 
m. Voltage at each connection. 
n. Amperage for each phase. 
o. Full-load amperage and service factor. 
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p. Seal type. 

2. Test Data (Indicated and Actual Values): 

a. Static head in feet of head or psig. 
b. Pump shutoff pressure in feet of head or psig. 
c. Actual impeller size in inches. 
d. Full-open flow rate in gpm. 
e. Full-open pressure in feet of head or psig. 
f. Final discharge pressure in feet of head or psig. 
g. Final suction pressure in feet of head or psig. 
h. Final total pressure in feet of head or psig. 
i. Final water flow rate in gpm. 
j. Voltage at each connection. 
k. Amperage for each phase. 

3.20 INSPECTIONS 

A. Initial Inspection: 

1. After testing and balancing are complete, operate each system and randomly 
check measurements to verify that the system is operating according to the final 
test and balance readings documented in the Final Report. 

2. Randomly check the following for each system: 

a. Measure airflow of at least 10 percent of air outlets. 
b. Measure water flow of at least 5 percent of terminals. 
c. Measure room temperature at each thermostat/temperature sensor. 

Compare the reading to the set point. 
d. Measure sound levels at two locations. 
e. Measure space pressure of at least 10 percent of locations. 
f. Verify that balancing devices are marked with final balance position. 
g. Note deviations to the Contract Documents in the Final Report. 

B. Final Inspection: 

1. After initial inspection is complete and evidence by random checks verifies that 
testing and balancing are complete and accurately documented in the final 
report, request that a final inspection be made by Architect. 

2. TAB firm test and balance engineer shall conduct the inspection in the presence 
of Architect. 

3. Architect shall randomly select measurements documented in the final report to 
be rechecked. The rechecking shall be limited to either 10 percent of the total 
measurements recorded, or the extent of measurements that can be 
accomplished in a normal 8-hour business day. 

4. If the rechecks yield measurements that differ from the measurements 
documented in the final report by more than the tolerances allowed, the 
measurements shall be noted as "FAILED." 

5. If the number of "FAILED" measurements is greater than 10 percent of the total 
measurements checked during the final inspection, the testing and balancing 
shall be considered incomplete and shall be rejected. 

6. TAB firm shall recheck all measurements and make adjustments. Revise the final 
report and balancing device settings to include all changes and resubmit the final 
report. 
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7. Request a second final inspection. If the second final inspection also fails, Owner 
shall contract the services of another TAB firm to complete the testing and 
balancing in accordance with the Contract Documents and deduct the cost of 
the services from the final payment. 

3.21 ADDITIONAL TESTS 

A. Within 90 days of completing TAB, perform additional testing and balancing to verify 
that balanced conditions are being maintained throughout and to correct unusual 
conditions. 

B. Seasonal Periods: If initial TAB procedures were not performed during near-peak 
summer and winter conditions, perform additional testing, inspecting, and adjusting 
during near-peak summer and winter conditions. 

END OF SECTION 230593 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and General Provisions of the Contract, including General and 
Supplementary Conditions and Division 1 specification sections, apply to work of this 
section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 
3. Division 23 Section “Testing, Adjusting, and Balancing.” 
4. Division 26 Section “Electrical General Requirements.” 
5. Division 26 Section “Control-voltage Electrical Power Cables.” 
6. Division 26 Section “Hangers and Supports for Electrical Systems.” 
7. Division 26 Section “Raceways and Boxes.” 

1.2 SUMMARY 

A. This Section includes control equipment for HVAC systems and components, including 
control components for terminal heating and cooling units not supplied with factory-
wired controls. 

1.3 DEFINITIONS 

A. BACnet: Communications open protocol for building automation system networks and 
control (developed by ASHRAE and documented per ANSI/ASHRAE Standard 135-
2012. 

B. BAS:  Building Automation System 

C. CAD:  Computer Aided Design. 

D. DDC:  Direct-digital controls. 

E. LonWorks (aka LonTalk): Communications open protocol as developed by Echelon 
Corporation that is utilized with building automation system networks and control. 

F. TC:  Temperature Control. 
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1.4 SYSTEM DESCRIPTION 

A. Temperature control building automation system consisting of direct digital control 
system controllers, sensors, transducers, relays, switches, data communication 
network, etc. and all associated control wiring and raceway systems. 

B. BAS/DDC system programming, database generation. Graphic display generation 
accessible through Building Network Supervisory Controller or at the remote operator 
workstation (when applicable for project). 

C. Electric thermostats, control valves, dampers, operators, control wiring, etc. 

D. Gauges, indicating devices, electric and electronic control accessories, and other 
control system devices. 

1.5 SEQUENCE OF OPERATION 

A. Control sequences for HVAC systems, subsystems, and equipment are indicated on 
project drawings. 

1.6 SUBMITTALS 

A. Submit under Division 20 and 23 provisions of respective project and as supplemented 
in this section. 

B. All control submittal requirements shall be submitted at one time with exception to 
control valves, automated dampers, and initial phases of work associated with fast-
track projects (when required).  Early submittals of control valves and automated 
dampers shall be incorporated with the complete temperature controls submittal. 

C. Product Data:  Include manufacturer's technical literature for each control device.  
Indicate dimensions, capacities, performance characteristics, electrical characteristics, 
finishes for materials, and installation and startup instructions for each type of product 
indicated. 

1. Each control device labeled with setting or adjustable range of control 

D. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, 
required clearances, method of field assembly, components, and location and size of 
each field connection. 

E. Shop Drawings: 

1. Shop drawings shall be done on CAD. Minimum size 11” x 17”. 
2. Schematic flow diagrams showing fans, pumps, coils, dampers, valves, and 

control devices. 
3. Wiring Diagrams: Power, signal, and control wiring. Differentiate between 

manufacturer-installed and field-installed wiring. 
4. Details of control enclosure including panel faces and interior, including controls, 

instruments, terminations blocks and component labeling. 
5. Written sequence of operation for each controlled system. 
6. Schedule of dampers including size, leakage, and flow characteristics (Refer to 

Design Data). 
7. Schedule of valves including leakage and flow characteristics (Refer to Design 

Data). 
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8. Complete bill of materials to identify and quantify all control components. 
9. Overall system schematic showing communication trunk cabling from Building 

Network Supervisory Controller(s) to BAS field level controllers including 
component locations and wire termination details.  

10. DDC controller layouts showing connected data points and LAN connections.  
DDC controller terminations including power supply and remote control 
component termination details shall be provided. 

11. Point list for each DDC controller including point descriptions and addresses.  
This information may be incorporated with DDC controller layouts. 

12. List of system graphics to be provided with proposed tree diagram of graphics 
organization.  Items to include:  Each system, floor plan. 

F. Graphic Displays:  One month after TC Shop Drawing submittal, TC Contractor shall 
submit graphical display backgrounds for preliminary Engineer review.  Concept for 
each floor plan, each system, each terminal unit template.  Engineer understands that 
final representation of graphics may not be available until BAS database is established 
during course of construction. Thorough graphics review will be conducted by 
Engineer as part of the TC/BAS acceptance procedure. 

G. Design Data: Provide indicated component selection and sizing criteria for the 
following component categories: 

1. Control valves: 

a. Component tag. 
b. Equipment served/function. 
c. Media type. 
d. Design flow rate (GPM or lbs./hr). 
e. Design pressure drop (ft. head) or (psi), where applicable. 
f. Calculated valve Cv, where applicable. 
g. Selected valve Cv, where applicable. 
h. Resultant pressure drop (ft. head) or (psi) with selected valve. 
i. Valve size. 
j. Line size to valve connection (excluding reducers). 
k. Type (ball, butterfly, globe, etc.). 
l. Configuration (2-way, 3-way mixing, 3-way diverting). 
m. Normal position (normally open, normally closed, floating). 
n. Actuator spring range (where applicable). 
o. Actuator power requirement. 
p. Valve shut-off rating (ft. head) of (psi) 
q. Valve body pressure/temperature rating. 
r. Valve manufacturer/model number. 
s. Actuator manufacturer/model number. 

2. Dampers: 

a. Component tag. 
b. Equipment served/function. 
c. Overall damper size (inch width x inch height). 
d. Quantity of damper sections with respective size(s): 
e. Material and gauge of thickness. 
f. Mounting orientation (horizontal or vertical). 
g. Blade configuration (parallel or opposed) 
h. Pressure drop (in. WG). 
i. Shut-off rating/differential pressure rating (in. wg). 
j. Leakage rating (CFM/sq. ft. at 4 in. wg). 
k. Normal position (normally open, normally closed, floating). 
l. Actuator spring range (where applicable). 
m. Actuator power requirement. 
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n. Actuator torque requirement. 
o. Actuator quantity. 
p. Damper manufacturer/model number. 
q. Actuator manufacturer/model number. 

3. Flow measuring probes - Air: 

a. Component tag. 
b. Equipment served/function. 
c. Duct dimension (inch width x inch height) if applicable. 
d. Fan inlet diameter (inch) if applicable)  
e. Probe quantity. 
f. Probe length (inch). 
g. Flow rate (CFM). 
h. Flow velocity (FPM). 
i. Probe manufacturer/model number. 
j. Transmitter manufacturer/model number. 

4. Flow measuring probes - Water: 

a. Component tag. 
b. Equipment served/function. 
c. Pipe size/inside diameter (inch) 
d. Probe length. 
e. Flow rate (GPM). 
f. Flow velocity (FPS). 
g. Probe manufacturer/model number. 
h. Transmitter manufacturer/model number. 

5. Flow measuring stations - Air: 

a. Component tag. 
b. Equipment served/function. 
c. Duct dimension (inch width x inch height). 
d. Station dimension (inch width x inch height). 
e. Flow rate (CFM). 
f. Flow velocity (FPM). 
g. Pressure drop (in. wg). 
h. Station manufacturer/model number. 
i. Transmitter manufacturer/model number. 

6. Gauges: 

a. Component tag. 
b. Equipment served/function. 
c. Units/range of scale 

H. Wall mounted temperature sensor, thermostat and/or other temperature control 
device cover color shall be coordinated to match color of wall mounted electrical 
device components and cover plates – coordinate with electrical contractor.  Provide 
samples of available temperature control device cover colors to Architect upon 
request or if available temperature control device colors do not match electrical device 
colors so a desired color selection may be determined.  Provide sample of temperature 
sensor / thermostat guard upon request of Architect, Engineer or Owner. 

I. Qualification Data:  For firms and persons specified in "Quality Assurance" Article. 
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J. Submit field reports indicating operating conditions after detailed check out of 
systems at Date of Substantial Completion. 

K. Project Record Documents:  Include the following: 

1. Revise Shop Drawings to reflect actual installation and operating sequences. 
2. Record actual locations of control components, including control units, 

thermostats, and sensors. 
3. Submit the electronic files for all as-built shop drawings in pdf format on USB 

Flash Drives (3 Total). 

L. Software and Firmware Operational Documentation:  Include the following: 

1. DDC controller keypad operating instructions and DDC controller override 
features, where applicable. 

2. Device address list. 
3. Program Software Backup: On a magnetic media or compact disc, complete with 

data files. 
4. Software license required by and installed for DDC workstations and control 

systems. 
5. DDC workstation software operating instructions for scheduling equipment, 

trending data, displaying graphics, commanding points, 
adding/deleting/modifying points, changing setpoints, and setting up alarms. 

6. Advanced DDC workstation operating instructions for graphics generation, 
control sequence programming and program modification. 

7. Printout of software applications and graphic screens. 

M. Maintenance Manuals:  Include the following: 

1. Product data with installation details, maintenance instructions and lists of spare 
parts for each type of control device. 

2. Keypad illustrations and step-by-step procedures indexed for each operator 
function, where applicable. 

3. Inspection period, cleaning methods, cleaning materials recommended, and 
calibration tolerances. 

4. Calibration records and list of set points. 

1.7 REFERENCES 

A. AMCA 500 - Test Methods for Louvers, Dampers and Shutters. 

B. ANSI/ASME B16.22 - Wrought Copper and Copper Alloy Solder Joint Pressure fittings. 

C. ANSI/ASTM B32 - Solder Metal. 

D. ANSI/NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum). 

E. ASTM B280 - Seamless Copper Tube for Air Conditioning and Refrigeration Field 
Service. 

F. ASTM B75 - Seamless Copper Tube for General Engineering Purposes. 

G. ASTM D1693 - Environmental Stress - Cracking of Ethylene Plastics. 

H. ASTM E1 - Specification for ASTM Thermometers. 
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I. MMC – Michigan Mechanical Code, version applicable for project. 

J. NEMA DC 3 - Low-Voltage Room Thermostats. 

K. UL 1820 - Fire Test of Pneumatic Tubing for Flame and Smoke Characteristics Only. 

1.8 QUALITY ASSURANCE 

A. Installer Qualifications:  An experienced installer who is an approved installer of the 
automatic control system manufacturer for both installation and maintenance of units 
required for this Project. 

B. Manufacturer Qualifications: A firm experienced in manufacturing automatic 
temperature-control systems similar to those indicated for this Project and with a 
record of successful in-service performance. 

C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, 
and marked for intended use. 

D. Comply with all applicable code requirements for project. 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Factory-Mounted Components:  Where control devices specified in this Section are 
indicated or optional to be factory mounted on equipment, arrange for shipping of 
control devices to unit manufacturer. 

1.10 COORDINATION 

A. Coordinate work under Division 20 and 23 provisions and as supplemented in this 
section. 

B. Coordinate location of space temperature sensors, space humidity sensor, 
thermostats, humidistats, and other exposed control sensors with plans and room 
details before installation. 

C. Coordinate installation of system components with installation of mechanical systems 
and equipment to achieve compatibility. 

D. Ensure installation of components is complementary to installation of similar 
components in other systems. 

E. Coordinate control wiring requirements, including actual terminal block numbers, with 
mechanical equipment manufacturers or suppliers. 

F. Coordinate work with the Laboratory Controls Contractor to provide air supply 
requirements, control valves where indicated and integration of lab controls to the 
BAS when indicated. 

G. Coordinate equipment with Division 28 Section "Fire Alarm" to achieve compatibility 
with equipment that interfaces with that system. 
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H. Ensure control system installation is complete, checked, tested and functioning 
properly prior to system balancing and Owner/Engineer system checkout. 

I. Cooperate fully with the Test and Balance Contractor and provide labor to operate the 
temperature control system as required to meet the scope of work defined in Division 
23 Section "Testing, Adjusting and Balancing." 

1.11 WARRANTY 

A. Provide warranty per Division 20 Section "Mechanical General Requirements" and as 
supplemented in this section. 

B. Provide 24 hour per day emergency service during warranty period, with maximum 
response period of four (4) hours. Provide phone number(s) for quick assistance by a 
Service Engineer regarding hardware or software problems. 

C. Provide scheduled maintenance service during warranty period to inspect, calibrate, 
and adjust controls. Make a minimum of one eight-hour service call every three 
months. Notify Owner prior to each scheduled inspection trip.  Submit written reports 
upon completion of service. 

D. Provide any software or firmware revisions which are released by the DDC system 
manufacturer during the warranty period, at no additional cost to the Owner. 

1.12 POSTED OPERATING INSTRUCTIONS 

A. Provide DDC controller related as-built documents in protective binder or clear plastic 
display envelope for each control enclosure panel. These instructions shall include 
such items as as-built control diagrams and sequence of operation, simplified narrative 
instructions and materials necessary to aid in the operation of the equipment at the 
local control panels. 

1.13 SPECIAL TOOLS 

A. Deliver two sets of any special tools required for operation, adjustment, resetting or 
maintenance, excluding PC laptop. 

1.14 PROTECTION OF PROPRIETARY INFORMATION 

A. Non-disclosure agreement(s) that may be subject to proprietary manuals and software 
shall be submitted by the proprietary equipment manufacturer to the Owner for 
approval and signature during the warranty period. 

PART 2 - PRODUCTS 

2.1 DESCRIPTION OF THE BUILDING AUTOMATION SYSTEM (BAS) 

A. The building automation system (BAS) shall be fully integrated, distributed data 
processing system incorporating direct digital control (DDC) for the control and 
monitoring of heating, ventilating and air conditioning (HVAC) equipment and other 
related systems. Microprocessor based BAS field level DDC controllers shall be directly 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
TEMPERATURE CONTROLS  230933 - 9 

connected to HVAC equipment sensors and actuators. A data communication network 
shall allow data exchange between the BAS field level DDC controllers and the Building 
Network Supervisory Controller.  The Building Network Supervisory Controller shall be 
the primary operator BAS interface point for the building either through web-browser 
direct or through server application software (when applicable) or through local or 
remote Operator Workstation (when applicable to project). 

B. Approved Manufacturer – System / Approved Installer (Locations) as listed: 

1. Johnson Controls – Facility Explorer with FX Controllers / by: 

a. ControlNet (Swartz Creek, Kalamazoo & Grand Rapids, MI). 
b. Johnson Controls, Inc. (Auburn Hills, MI) – NOT Metasys Products. 
c. Metro Controls, Inc. (Clinton Twp, MI). 
d. Commercial Controls, Inc. (Saginaw, MI). 

2.2 BAS BUILDING NETWORK SUPERVISORY CONTROLLER (TRIDIUM N4 PLATFORM) 

A. The Building Network Supervisory Controller, utilizing the HTML5 platform, shall 
provide the interface between the Owner’s Ethernet and the field control devices, and 
provide global supervisory control functions over the control devices connected to 
the NAC.  It shall be capable of executing application control programs to provide: 

1. Calendar functions 
2. Scheduling. 
3. Trending. 
4. Alarm monitoring and routing.  
5. Time synchronization. 
6. Integration of BACnet controller data. 
7. Network Management functions for all BACnet based devices. 

B. The Network Area Controller shall provide the following hardware and driver features 
as a minimum: 

1. One RS-232 port 
2. One RS-485 port with BACnet MS/TP Driver. 
3. Battery Backup 
4. Flash memory for long term data backup (If battery backup or flash memory is 

not supplied, the controller must contain a hard disk with at least 1 gigabyte 
storage capacity). 

5. Where the option for expanded memory is available, it must be supplied. 

C. Provide LonWorks or MODBUS driver(s) as required for system or equipment 
integration requirements for project. 

D. The network supervisory controller shall be sized appropriately per building to handle 
the required quantity of connected controllers and devices. 

E. Provide 5 year service agreement per network supervisory controller for updating 
firmware/software as available by manufacturer.  Labor for updating the controllers 
shall be included. 

F. For Tridium based systems, provide Niagara 4 JACE-8000 series network supervisory 
controllers. 

G. Manufacturer: 
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1. Manufacturers as listed for Building Automation System (based on N4 JACE-
8000 platform). 

2. Vykon N4 JACE-8000 series is to be used in lieu of listed manufacturer’s 
standard product per requirements of Owner’s existing network or as indicated 
on the construction drawings. 

2.3 BAS BUILDING NETWORK SUPERVISORY CONTROLLER (PROPRIETARY 
PLATFORMS) 

A. The Building Network Supervisory Controller shall provide the interface between the 
Owner’s Ethernet and the field control devices, and provide global supervisory control 
functions over the control devices connected to the NAC. 

B. The network supervisory controller shall be sized appropriately per building to handle 
the required quantity of connected controllers and devices. 

C. Manufacturers:  As listed for Building Automation System. 

2.4 DIRECT DIGITAL CONTROL (DDC) FIELD LEVEL CONTROLLERS 

A. Modular in design and consisting of stand-alone microprocessor board with ROM and 
fully custom programmable RAM, EPROM, and/or EEPROM memory, integral interface 
equipment and power surge protection. DDC controllers shall be connected directly 
to sensors, controlled devices and the communication network. 

B. Powerfail Restart and Battery Backup: Minimum of 72 battery backup hours for 
complete system RAM memory and clock, with automatic battery charger or 48 hour 
low voltage alarm warning. Upon full system power recovery, all clocks shall be 
automatically synchronized, and all controlled equipment shall be automatically re-
started based on correct clock time and sequence of operation. 

C. Provide fully functional communication interface ports for communication between 
processor, other processors, portable programmer’s terminal, portable operator’s unit 
or the remote Operator Workstation when applicable for project. 

D. Panel enclosure for controller, associated power supply and other ancillary control 
components shall be finished steel or rigid plastic with hinged door and keyed lock. 
Electronics shall be removable for protection during mounting of panel. 

2.5 DDC CONTROLLER LOCAL DISPLAY AND KEYPAD  

A. Provide a display and keypad built-in to the face of DDC controller enclosure panel 
located in major mechanical rooms. 

B. The local display and keypad shall allow the operator to read point values and/or point 
status, adjust setpoints and/or parameters, and display point and alarm information. 

C. The display shall have a minimum 24 character capability. Keypad operation shall be 
menu driven. 

D. Use of the local display and keypad shall not interfere with normal data communication 
network operation or with the normal operation of the connected DDC controller. 
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2.6 DDC CONTROLLER SOFTWARE 

A. Operating system shall work in real time, provide prioritized task scheduling, control 
time programs, monitor DDC controller communications, scan inputs and outputs, and 
contain built-in diagnostics. 

B. Input/output point processing shall include the following: 

1. Continuous update of input and output values and/or conditions. All connected 
points are to be updated at least once per second. 

2. Assignment of proper engineering units and status condition identifiers to all 
points. 

3. In addition to physical or "hardware" points required, "software" points shall be 
provided where required for command access and meaningful displays, where 
required by the "execution" portion of this section or where required on the DDC 
input/output points lists. "Software" points shall appear identical to physical 
points in output displays and shall be assignable to text descriptors, logical 
groups, reports, etc. in the same manner as physical points. "Software" points 
shall be assigned alarm limits in the same manner as physical points. 

C. Command control software shall manage the receipt of commands from control 
panels, portable programmer’s terminal, portable operator’s unit or the remote 
Operator Workstation when applicable for project. 

1. Command delay, programmable from 0 to 2 minutes, shall be provided to 
prevent simultaneous energizing of large loads. Command delays shall be 
honored throughout the BAS DDC network, not just within the DDC controller. 
Delays shall be assignable on an individual per point basis. 

2. Each command shall be assigned a command and residual priority to manage 
contentions created by multiple programs having access to the same command 
point. Only commands with a higher command priority than the existing residual 
priority shall be permitted to execute. Whenever a command is allowed to 
execute, its assigned residual priority shall replace the existing residual priority. 

3. A "fixed mode" option shall be supported to allow inputs to, and outputs from 
DDC control programs to be set to a fixed state or value. When in the "fixed 
mode," inputs and outputs shall be so noted in all reports. 

4. A "last user" record is to be maintained to positively identify which program or 
manual command is in control of a given point. The last user information shall be 
displayed and printed along with other point data of logical groups. 

D. Provide self-test procedure. Notify remote Operator Workstation (when applicable for 
project) for maintenance, performance, software, cable break, or data transmission 
problems. Identify variables as reliable or unreliable. Variables identified as unreliable 
shall use default in calculation. 

E. Alarm Processing 

1. High/Low Alarm: Analog input alarm comparison with the ability to assign two 
individual sets of high and low limits (warning and actual alarm) to an input. Each 
alarm shall be assigned a unique differential to prevent a point from oscillating 
into and out of alarm. Alarm comparisons are to be made each scan cycle. 

2. Floating Alarm: Where analog controlled values are automatically varied by 
software (such as hot water temperature reset), a single set of alarm limits shall 
be provided for those varying values. These alarm limits shall then "float" a user 
definable differential above and below the varying setpoint value. 

3. Abnormal Alarm: When a digital input is not in agreement with the commanded 
state of its associated output point, or when a digital input is not in its normal 
state, an abnormal alarm shall be generated. Abnormal "on" shall cause an alarm, 
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as well as abnormal "off." Alarm time delay for digital inputs to prevent nuisance 
alarms shall be provided. Each digital input alarm time delay shall be adjustable 
from zero to two minutes in one-second increments. 

4. Alarm lockout shall be provided to positively lock out alarms when equipment is 
turned off or when a true alarm is dependent on the condition of an associated 
point. Lockout points and lockout initiators shall be operator programmable. On 
initial startup of air handler and other mechanical equipment, a "timed lockout" 
period shall be assigned to analog points to allow them to reach a stable 
condition before activating alarm comparison logic. Timed lockout period shall 
be programmable on a per point basis from 0 to 90 minutes in one-minute 
increments. 

5. The capability of automatically initiating commands upon the occurrence of an 
alarm. 

F. Totalization 

1. Run time shall be accumulated based on the status of digital input points. It shall 
be possible to totalize either on time or off time up to 10,000 hours with one-
minute resolution. Run time counts shall be resident in memory and have DDC 
controller resident run time limits assignable through portable programmer’s 
terminal, portable operator’s unit or the remote Operator Workstation when 
applicable for project. 

2. A transition counter shall be provided to accumulate the number of times a 
device has been cycled on or off. Counter shall be capable of accumulating 
600,000 switching cycles. Limits shall be assignable to counts to provide 
maintenance alarm printouts. 

3. Analog totalization capability shall be provided to allow the totalization of 
electricity, air, water and steam flow, etc. These flows shall be totalized with 
respect to time and converted to the appropriate energy unit. It shall be possible 
to automatically set time intervals for totalization, adjustable from one second 
to 365 days. The totalization program shall keep track of the maximum and 
minimum instantaneous analog value measured during the period, including the 
date and time at which each occurred. 

G. DDC Controller Programming / Configuration 

1. All DDC controllers shall be fully programmable or configurable per required 
controller application type.  DDC controllers which require remote or factory 
programming or configuration are not acceptable. DDC controllers with custom 
programs which may not be modified by the user are not acceptable. "Custom" 
programming shall mean allowing the alteration of actual control logic, and shall 
not be limited to allowing only the alteration of setpoints, gains, parameters, time 
constants, etc. 

2. DDC controllers shall be provided to meet the control strategies as called for in 
the sequences of operation on the drawings.  If a configurable application 
specific DDC controller cannot meet this requirement, a DDC fully programmable 
controller shall be provided.  

3. All DDC controller setpoints, gains, parameters, time constants, etc., associated 
with DDC controller programs shall be available to the operator for display and 
modification via portable programmer’s terminal, portable operator’s unit or the 
remote Operator Workstation when applicable for project. 

4. Each DDC controller shall have resident in its memory and available to the 
programs a full library of DDC algorithms, intrinsic control operators, and 
arithmetic, logic and relational operators for implementation of control 
sequences. Functions to be provided shall include, but not be limited to, the 
following: 

a. Mathematical: Absolute value, calculate, square root, power, sign, average, 
totalize. 
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b. Logic: OR, AND, compare, negate. 
c. Fixed Formula: High and low select, span, rate, ramp, enthalpy, wet bulb, 

dew point, relative humidity, humidity ratio, and filter. 
d. Data Manipulation: Store, file and set. 
e. Control Routines: Real-time based functions, proportional control, 

proportional-integral control, proportional-integral-derivative control, 
adaptive control (self-tuning), direct-acting, reverse acting, feedforward, 
fixed setpoint, calculated setpoint, adjustable setpoint, lead lag, hysteresis 
correction, event initiation/ software interlock. 

H. Building Automation System program applications (as required for controllers) 

1. Time of day scheduling: Allow the creation and maintenance of operating 
schedules for selected points based on time of day and holiday scheduling. At 
least two independent start and stop times per day for each system shall be 
allowed. Each point shall be allowed to have a unique time program, or points 
shall be able to be grouped and assigned to a common time program. Both 
digital and analog output points shall be able to be assigned to a time program. 
This software shall work in conjunction with the time of day scheduler software 
at the remote Operator Workstation (when applicable for project). This program 
shall also work in conjunction with the optimum start and optimum stop 
application software. 

2. Optimum Start: Start equipment based on outdoor temperature, space 
temperature, and system response to minimize energy usage and to assure that 
comfort conditions are reached exactly at scheduled occupancy time 
(occupancy schedules are defined under "Time Of Day Scheduling"). This 
program shall operate in both the heating and cooling cycles. An adaptive 
algorithm shall be employed which automatically adjusts the start time 
according to previous performance and shall automatically assign longer lead 
times for weekend and holiday shutdowns. 

3. Enthalpy Optimization: Using standard psychrometric calculations, 
automatically determine which air source, outdoor air or return air, presents the 
least total heat load, and automatically adjust mixed air damper position. When 
outside enthalpy exceeds return air enthalpy, the outside air damper shall go to 
its minimum position. Typically, the outside air damper must be in its minimum 
position before the cooling coil valve is allowed to open. 

4. Duty Cycle: Periodically cycle electrical equipment to reduce energy 
consumption and/or energy demand. Each load shall be assigned a cycle interval 
and an off period. A load leveling algorithm shall be utilized to assure that cycle 
periods do not coincide. 

5. Demand Limiting: Distributed power demand program shall be based on a 
sliding window instantaneous demand algorithm. The DDC controller(s) 
connected to the demand meter shall calculate the demand, forecast the 
demand trend, compare it to established demand limits, and initiate load 
shedding action or reestablishment of loads as required. Shedding shall be on a 
sequential basis with least important loads shed first and restored last. 
Restoration cycle shall add the most important loads first. DDC controllers on 
the network shall each have a four-tier shed table for assignment of sheddable 
loads. When a request is issued to the network to shed a specific number of 
kilowatts, each DDC controller shall shed Tier 1 loads, Tier 2 loads, etc. until the 
shed requirement is met. The program shall have the capability to sum the 
readings from multiple meters connected to multiple DDC controllers on the 
network, and to shed various loads from multiple DDC controllers on the 
network. 

6. Warm-Up: Position the outside air dampers in an adjustable (minimum) position, 
and trigger a digital output(s) normally used to signal air terminal units to move 
to their maximum flow settings. When the desired space temperature is reached, 
as determined by feedback from space temperature sensor(s), the digital output 
shall return the air terminal units to their normal operation. When occupancy 
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time is reached, the outside air dampers shall be controlled by the normal 
occupied mode control sequence. During the warm-up cycle, the outside air 
damper shall be set at the position which minimizes outside air intake while 
preventing over/under pressurizing of ductwork. This program shall work in 
conjunction with the time scheduling program and/or the optimum start 
program as required. 

7. Night Cycle: Cycle HVAC equipment on and off as required to maintain an 
operator selectable unoccupied space temperature. During the equipment "on" 
time, the outside air damper shall be maintained in an adjustable position which 
minimizes outside air intake while preventing over/under pressurization of 
ductwork. The equipment shall be cycled such that energy reduction during 
unoccupied periods is uniform. 

8. Night Purge: Night Purge program shall apply to cooling cycle only. Night Purge 
shall introduce 100% outdoor air any time the outdoor air is above 50 degrees 
F, the space temperature is above 75 degrees F, the outdoor air temperature is 
below space temperature and the outdoor air dew point is less than 60 deg F. 
Purging shall stop when outdoor air is below 50 deg F, or space temperature is 
below 75 deg F, or outdoor temperature is less than 5 deg F cooler than space 
temperature, or outdoor air dew point is greater than 60 deg F. 

9. Reset Optimization: Adjust equipment discharge setpoints based on one of the 
following criteria: 

a. By sensing the worst case requirements (e.g., the zone requiring the most 
heating or cooling and providing only the minimum energy required to 
meet the load. 

b. Adjusting the setpoint in direct proportion to another sensed variable (e.g., 
reset supply water temperature based on outside temperature). 

2.7 DDC AIR TERMINAL UNIT CONTROLLERS  

A. Microprocessor based controllers capable of stand-alone operation for control of 
pressure independent air terminal units. Controllers shall be networked together and 
connected to the building's BAS/DDC network. 

B. Controllers shall have separate adjustable minimum and maximum airflow setpoints. 
Controllers shall work in conjunction with the air handling unit's DDC panel to provide 
the sequence of operation as indicated on the drawings. Setpoints shall be adjustable 
through the portable programmer terminal. 

C. Provide electronic type air terminal unit damper operators compatible with the 
controller and the air terminal units provided. 

D. Each controller shall have an internal differential pressure transducer capable of 
utilizing the total and static pressure signals from the air terminal unit's velocity sensor. 
Velocity sensor shall be furnished by air terminal unit manufacturer. 

E. Each controller shall have electronic outputs compatible with the electronically 
operated air terminal unit tempering coil control valve and perimeter radiation control 
valve where applicable 

F. TC contractor shall provide 24 VAC power requirements including transformers. 

G. If coordinated with mechanical contractor. Controllers and damper operators shall be 
furnished to the air terminal unit manufacturer for factory mounting by the air terminal 
unit manufacturer; otherwise, controls shall be field installed. 

H. Room temperature sensors for the DDC air terminal unit controllers: 
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1. Sensing Element: Thermistor or resistance temperature detector (RTD) type. 
Accuracy shall be+/- 0.5 degrees F over the range of 55 degrees F to 95 degrees 
F, including calibration error, repeatability, hysteresis, and yearly drift. 

2. Cover: with tamper-proof fasteners. 
3. Provide with exposed setpoint adjustment dial and exposed temperature 

reading. 
4. Provide with exposed override switch to allow an occupant to reset the space 

to occupied control during the unoccupied cycle for a predetermined time 
period. 

5. Provide with portable operator unit plug-in port. 

2.8 DDC INPUT/OUTPUT SENSORS 

A. Air Static/Differential Pressure Transmitters: 

1. Variable capacitance type with ranges not exceeding 150 percent of maximum 
expected input. Transmitter shall have zero and span adjustments. 

2. Safe overpressure rating shall be minimum 5 times the range. 
3. Temperature compensated with thermal error of not greater than 0.04 percent 

of full scale in temperature range of 40 to 100 deg F.  
4. Accuracy: +/- 0.5% of full scale including calibration error, repeatability, 

hysteresis, and yearly drift. 
5. Manufacturers: 

a. Air Monitor. 
b. Belimo. 
c. Dwyer. 
d. Modus 
e. Setra. 

B. Carbon Dioxide Sensors: 

1. Carbon dioxide sensing cell shall consist of a nondispersive infrared carbon 
dioxide gas cell that uses a pulsed source and has no free air optical path. Output 
shall be linearized 4-20 mA with the 24 VDC input. In addition, the unit shall be 
capable of providing SPDT switching of an external low voltage circuit at an 
adjustable setpoint. The unit shall be specifically designed for the wall or duct 
application specified. Return air aspiration boxes shall be designed by and 
approved by the manufacturer. Unit shall have single point setpoint and span 
adjustment. The unit shall have no moving parts. 

2. Power for the sensor shall be extended from a transformer or adaptor installed 
adjacent to the DDC controller enclosure panel, and shall be run parallel to the 
4-20 mA signal cable. 

3. Minimum sensing range shall be 0-2,000ppm. 
4. Overall Accuracy shall be 3% of full scale including calibration error, 

repeatability, hysteresis and yearly drift. 
5. Minimum calibration interval shall be 5 years. 
6. Contractor shall provide all necessary equipment and test gas for calibration and 

shall calibrate all CO2 sensors in accordance with the manufacturer’s 
recommendations. 

7. Manufacturer: 

a. Specified BAS product where available that meets the requirements 
herein. 

b. Belimo. 
c. TelAire. 
d. Vaisala. 
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e. Veris. 

C. Current Sensors: 

1. Split-core or donut type transformer for monitoring AC current, with analog 
output signal as indicated. Current sensors used on motor side of variable 
frequency drives shall have low frequency detection capability. 

2. Analog sensors shall have accuracy of ±1% full scale. 
3. Manufacturers: 

a. ACI. 
b. Johnson Controls. 
c. Senva. 
d. Veris Industries. 

D. Current Switches: 

1. Split-core or donut type transformer for monitoring AC current, with digital 
output signal. Current switches used on motor side of variable frequency drives 
shall have low frequency detection capability. 

2. For Electronically Commutated Motor (ECM) applications:  Current switch shall 
be rated for ECM operation with amperage trip setting higher than 
trickle/idle/standby amperage with ECM off and amperage trip setting lower 
than minimum speed setting.  Verify minimum amperage expectation for 
equipment with equipment suppliers to select appropriate current switch from 
list of approved manufacturers as their minimum trip settings vary from 0.15A to 
0.5A. 

3. For induction motor applications (as applicable):  Current switch shall have 
adjustable trip setting to accommodate VFC minimum speed settings, to detect 
fan belt loss, or to detect pump coupling detachment.  Set trip setting at 
approximately 90% of normal motor operating amperage. 

4. Manufacturers: 

a. ACI. 
b. Johnson Controls. 
c. Senva. 
d. Veris Industries. 

E. Differential Pressure Transmitters (Commercial Version): 

1. Transmitters used for measuring differential pressure only: 

a. Each differential pressure transmitter shall be selected and calibrated for 
operations between 0 and 200% of the normal differential pressure. The 
calibration point shall be rounded upward to the nearest 10 inches of water 
column (for spans less than 200" W.C.) or to the nearest 5 psi for larger 
spans. Calibration date shall be included on an embossed tag attached to 
each transmitter. 

b. The accuracy, including linearity, hysteresis and repeatability, of the 
transmitter for measuring differential pressure shall be better than 2% of 
the span stated above throughout a 4:1 turndown. 

c. The transmitter shall not be damaged by pressures of up to 500 psig on 
either side of the transmitter and all wetted parts shall be essentially inert 
in the presence of up to a 40% concentration of ethylene or propylene 
glycol in water. 

d. Provide a drain valve for each side of the pressure chamber. Furnish and 
install mounting brackets appropriate for the installation location. 

e. Span and zero shall be individually adjustable. 
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f. With LCD Display. 
g. Manufacturers: 

1) Belimo. 
2) Dwyer. 
3) Setra. 
4) Veris Industries. 

F. Differential Pressure Transmitters (Industrial Version): 

1. Transmitters used for measuring flow rates: 

a. Each differential pressure transmitter shall be selected and calibrated for 
operations between 0 and 125% of the normal differential pressure and up 
to 150 psig line pressure. The calibration point shall be rounded upward to 
the nearest 10 inches of water column (for spans less than 200" W.C.) or 
to the nearest 5 psi for larger spans. Calibration date shall be included on 
an embossed tag attached to each transmitter. 

b. The accuracy, including linearity, hysteresis and repeatability, of the 
transmitter for measuring differential pressure shall be better than 0.25% 
of the span stated above throughout a 6:1 turndown. 

c. The transmitter shall not be damaged by pressures of up to 1000 psig on 
either side of the transmitter and all wetted parts shall be essentially inert 
in the presence of up to a 40% concentration of ethylene glycol in water. 

d. Provide a drain valve for each side of the pressure chamber. Furnish and 
install mounting brackets appropriate for the installation location. 

e. Span and zero shall be individually adjustable. 
f. Manufacturers: 

1) Tobar. 
2) ITT Barton. 
3) Yokogawa. 
4) Taylor. 
5) Rosemount. 
6) Honeywell Industrial Division. 
7) Foxboro. 
8) SOR. 

2. Transmitters used for measuring differential pressure only: 

a. Each differential pressure transmitter shall be selected and calibrated for 
operations between 0 and 200% of the normal differential pressure. The 
calibration point shall be rounded upward to the nearest 10 inches W.C. 
(for spans less than 200" W.C.) or to the nearest 5 psi for larger spans. 
Calibration date shall be included on an embossed tag attached to each 
transmitter. 

b. The accuracy, including linearity, hysteresis and repeatability, of the 
transmitter for measuring differential pressure shall be better than 2% of 
the span stated above throughout a 4:1 turndown. 

c. The transmitter shall not be damaged by pressures of up to 500 psig on 
either side of the transmitter and all wetted parts shall be essentially inert 
in the presence of up to a 40% concentration of ethylene or propylene 
glycol in water. 

d. Provide a drain valve for each side of the pressure chamber. Furnish and 
install mounting brackets appropriate for the installation location. 

e. Span and zero shall be individually adjustable. 
f. Manufacturers: 
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1) Tobar. 
2) ITT Barton. 
3) Yokogawa. 
4) Taylor. 
5) Rosemount. 
6) Honeywell Industrial Division. 
7) Foxboro. 
8) SOR. 

3. Indication Gauges for Differential Pressure Transmitters: 

a. Each transmitter shall come with an indicating gauge which reads in gpm 
or inches of water (whichever is the final value desired). The gauge may 
be either an analog differential pressure gauge piped in parallel to the 
transmitter or a digital display wired directly to the output of the 
transmitter. 

b. The analog pressure gauge shall be selected and calibrated for the same 
span as the transmitter it serves. 

c. The accuracy, including linearity, hysteresis and repeatability, of the gauge 
for measuring differential pressure shall be better than 3% of the span 
stated above throughout its span. Calibration data shall be included on an 
embossed tag attached to each gauge. 

d. The gauge shall not be damaged by pressures of up to 500 psig on either 
side of the gauge and all wetted parts shall be essentially inert in the 
presence of up to 40% concentration of ethylene or propylene glycol in 
water. 

e. Scale shall be a minimum of 4.5" long. Furnish and install two bleed fittings 
for each gauge and mounting brackets appropriate for the installation 
location. 

4. Three Valve Manifold: 

a. Provide a three-valve manifold for each transmitter. The manifold shall not 
be damaged by pressures of up to 500 psig and all wetted parts shall be 
essentially inert in the presence of up to a 40% concentration of ethylene 
glycol in water. 

b. The manifold shall be designed for direct mounting on the transmitter it 
serves and utilize quarter-turn valves to provide zeroing, blocking and 
normal service modes. 

G. Humidity Sensors: 

1. Elements: Thin film or polymer capacitive type or bulk polymer resistance type 
with linear output, accurate within ± 2% RH throughout the range of 10-95% RH 
and drift to be less than +/-0.25%. 

2. Humidity sensors shall be resistant to chlorine and other cleaning agents. 
3. Room Sensors: With locking cover matching space temperature sensors used.  
4. Duct Sensors: With duct probe and mounting plate. 
5. Manufacturers: 

a. Specified BAS product where available that meets the requirements 
herein. 

b. Belimo. 
c. GE Industrial, Sensing (formerly General Eastern) 
d. Rotronic. 
e. Vaisala. 
f. Veris – HD/HO Series. 
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H. Outside Air Flow (low velocity) Differential Pressure Transmitters: 

1. The transmitters shall be capable of receiving signals of static, velocity and 
reference pressures, amplifying and scaling the resulting differential pressure 
signal to produce a 4-20 mA output signal linear to differential pressure. The 
transmitters shall have manual zeroing capability. 

2. The differential pressure transmitters shall not be affected by over-
pressurization up to 1 psig, and shall be furnished with a factory calibrated span 
and automatic zeroing circuit. The transmitters shall be housed in an enclosure 
with integral terminal box and with power and output signal conduit connection 
ports and separate access plate. 

3. Calibrated span: shall not exceed 150 percent of maximum expected input. 
4. Reference Accuracy: ± 0.50% of span. 
5. Hysteresis and dead band (combined): Less than 0.2% of span. 
6. Repeatability: 0.15% of span. 
7. Linearity: ± 0.25% of span. 
8. Include LCD Display. 
9. Manufacturers: 

a. Air Monitor-Veltron DPT 2500 Plus. 
b. Custom Electronics Systems. 

I. Outside Air Temperature/Humidity Combination Transmitters: 

1. Dual transmitters housed in a single hinged enclosure with integral probes 
configured for exterior wall mount application with PVC sun shield. Unit shall 
provide separate 4-20 mA signals for temperature and humidity measurement. 

2. Temperature sensor:  Refer to Temperature Sensors specifications.  Range of 
operation shall be -25 degrees F to 125 degrees F. 

3. Humidity sensor:  Refer to Humidity Sensors specifications.  Range of operation 
shall be 0-100% RH. 

4. Manufacturer: 

a. Belimo. 
b. Vaisala. 
c. Veris. 

J. Temperature Sensors: 

1. Resistance temperature detectors (RTD) with 1000 ohm, thin-filmed platinum, 
nickel or balco element having 0.000385 temperature coefficient meeting the 
input requirements of the DDC controller.  

2. Thermally sensitive resistors (thermistor) shall be 10k-type, epoxy or glass 
coated, having NTC characteristic, meeting the input requirements of the DDC 
controller. 

3. Initial calibration accuracy shall be +/- 0.5 deg F over the entire range. Range 
shall be as indicated below, or as appropriate to the application. 

4. Additional error such as repeatability, stability, tolerance, linearity and hysteresis 
shall not exceed an additional +/- 0.5 deg F additive (using RMS method) 
throughout the selected operating range for the application.  

5. Temperature sensors shall be resistant to chlorine and other cleaning agents 
6. Single point duct mounted sensors shall have 18" rigid probe and calibrated span 

of 20 - 120°F. 
7. Averaging duct mounted sensors shall have 25' long averaging element and 

calibrated span of 20 - 120°F. 
8. Liquid immersion sensors shall have welded stainless steel thermowells for 

ferrous pipe and brass thermowells for copper pipe. Length of sensor and 
thermowell shall be selected based on the diameter of the pipe to provide 
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accurate, reliable and homogeneous sensing of the liquid temperature. 
Thermowell pressure rating shall meet or exceed the system minimum pressure 
rating. Sensors for chilled water application shall have calibrated span of 20 - 
120°F. Sensors for hot water applications shall have calibrated span of 40 - 240°F 

9. Room sensors shall have locking cover and a minimum span of 40 - 90°F. 
10. Outside air temperature (only) sensors shall have watertight inlet fitting and shall 

be shielded from direct rays of sun and wind. 
11. Manufacturers: 

a. Specified BAS product where available that meets the requirements 
herein. 

b. ACI – except PT1000 averaging sensor. 
c. BAPI – Basys Series. 
d. Belimo. 
e. MAMAC 
f. Minco. 
g. TCS. 

K. Humidity, Temperature & Dew Point Sensor / Transmitters (HVAC High Performance 
Grade): 

1. High performance Humidity, Temperature & Dew Point measurement with 
accuracy of +/- 0.8 % RH.  Sensor range 0-160°F, 0-100%RH. 

2. Removable probe for calibration purposes.  Provide 1 extra probe for every 4 
sensor/transmitter units required for project. 

3. With two configurable and scalable outputs:  0-1V, 0-5V, 0-10V, 4-20mA for 
humidity, temperature and/or dew point readings. 

4. Wall or duct mounted as indicated. 
5. Provide display option where indicated. 
6. Transmitter power supply options for 24VDC, 24VAC as required.  
7. Provide weather shield for outdoor senor installations. 
8. Provide guards for indoor installations as indicated on drawings. 
9. Provide product software (where applicable) for transmitter configuration and 

probe calibration. 
10. Manufacturers: 

a. Rotronic, HygroFlex5 transmitter with HC2-S probe and HW4 product 
software. 

b. Approved Equal. 

L. Dew Point Sensor / Transmitters (Lab & Industrial High Performance Grade): 

1. High performance chilled mirror technology with accuracy of +/- 1°F.  Sensor 
range 0-160°F. 

2. Wall or duct mounted as indicated. 
3. Transmitter power supply options for 24VDC, 24VAC, 115VAC as required.  
4. Provide weather shield for outdoor senor installations. 
5. Provide guards for indoor installations as indicated on drawings. 
6. Manufacturers: 

a. Omega RHCM Series. 
b. Approved Equal. 
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2.9 DDC DATA COMMUNICATIONS NETWORK 

A. Data communication network shall be provided to allow data exchange between the 
BAS field level DDC controllers and the Building Network Supervisory Controller. 

B. The BAS/DDC system-wide communication network shall consist of a primary peer-
to-peer network, and at the Contractor's option, secondary sub-networks linked to the 
primary network. The primary network shall support peer-to-peer communications 
between primary network BAS field level DDC controllers. The Building Network 
Supervisory Controller shall be connected to the primary network. Secondary sub-
networks when used shall interface with the primary network though the primary 
network BAS field level DDC controllers. At least one DDC controller connected to the 
primary peer-to-peer network shall be provided in each mechanical room, or as 
indicated on the drawings. 

C. Data communications media shall be twisted pair wires. 

D. The communications network shall allow shared point and control information 
between BAS field level DDC controllers. All required repeaters, hubs, active links, 
gateways, etc. and associated power supplies shall be provided as required to provide 
shared point and control information between BAS field level DDC controllers. 

E. Failure of any individual BAS field level DDC controller shall not cause the loss of 
communications between peer BAS field level DDC controllers. 

F. All data transmitted must be positively acknowledged as received or negatively 
acknowledged as not received. Negative acknowledgments shall cause a 
retransmission of the data. Network connected devices must send a "functioning" 
message each network cycle. Lack of a "functioning" message after successive retries 
shall constitute a device failure and shall be recognized as such by the network. 

G. Error recovery and communication initialization routines shall be resident in each 
network connected device. 

2.10 DDC OPERATOR WORKSTATION SOFTWARE  

A. Operating System. 

1. Real time based system which shall provide true multi-tasking capability. Multi-
tasking shall allow the user to perform concurrent execution of multiple real time 
tasks. 

2. It shall not be acceptable for background applications to be suspended while 
foreground applications are executed. 

B. Database Manager. 

1. Database manager shall manage all data on an integrated and non-redundant 
basis. It shall allow additions and deletions to the data base without any 
detriment to the existing data. Cross linkages shall be provided such that no data 
required by a software program may be deleted by the operator until that data 
has been deleted from its respective program. 

2. Menus shall clearly guide the operator through the database editing process. 
Database editing shall not interfere with any other Operator Workstation 
function. 

3. All database and/or program changes made at the Operator Workstation shall 
automatically be transferred from the Operator Workstation to the DDC Panels. 
All database and/or program modifications made at the DDC panels shall 
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automatically be transferred to the Operator Workstation and stored on disk at 
the Operator Workstation. 

4. Database Format: 

a. Divide points of control or monitoring by system. 
b. Identify points with unique, structured point identifier reflecting "specific 

area" or "specific system," and "specified point." 

C. Operator Interface Software 

1. General: Hierarchical linked dynamic graphical user interface for access and 
display of system data and for commanding and modifying equipment 
operation. The user interface shall utilize the mouse or keyboard to provide 
"heads up" operation with pull-down menus, dialogue boxes, zoom, coloration 
and animation to facilitate ease of operation of the system. Multiple levels of 
graphic penetration shall be provided with operator assignable hierarchy. 
Dynamic system data points shall be assignable to each penetration level. 
Descriptors for graphics, points, alarms, etc. shall be modified through the 
Operator Workstation (under password control). 

2. Operator access and password protection: 

a. Operator access into the system shall require a password. A minimum of 
twelve (12) operators shall be able to be assigned a unique password. All 
sign-on/sign-off activity shall be automatically archived on the operator's 
station disk for subsequent display or printout as desired. The operator's 
initials shall be displayed on all reports and alarm acknowledgments. 

b. At least the following three levels of system access shall be assignable to 
each operator: 

1) Level 1: Monitoring only 
2) Level 2: Monitoring and Commanding 
3) Level 3: Monitoring/Commanding/Programming 

3. Data to be displayed within a unique graphic shall be assignable regardless of 
physical hardware address, communication channel or point type. Graphics shall 
be on-line programmable and under password access control. Points shall be 
assignable to multiple graphics where necessary to facilitate operator 
understanding of system operation and where specified. Graphics shall also 
contain calculated or "software" points. Each physical point and each point 
assigned to a graphic shall be assigned an English descriptor for use in reports. 

4. Data segregation shall be provided for control of specific data routed to a 
printer, another Operator Workstation, or other peripheral. Point classes shall be 
randomly selectable such as all HVAC points, HVAC points second floor, all space 
temperature points, command points, etc. Display and/or output of data to a 
printer or monitor shall occur where there is a match of peripheral segregation 
class assignment and the point segregations. Peripherals shall be assignable and 
all assignments are to be on-line programmable and under password control. 

5. Operator shall be able to use the mouse to move in either direction through the 
graphic penetration hierarchy. In addition to being able to move one level in 
either direction through the hierarchy, the operator shall also be able to go 
directly to a specific level or access a specific point without following a fixed 
penetration path. 

6. Points shall be displayed with dynamic data provided by the system with 
appropriate text descriptor, status or value, and engineering unit. Coloration 
shall be used to designate status and alarm states. Coloration shall be variable 
for each class of points, as chosen by the Owner. All point displays shall be 
dynamic, with update rates user adjustable on a per point basis from 20 seconds 
to 120 seconds. 
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7. For operators with the appropriate password, points shall be commandable 
directly from the Operator Workstation using the mouse or keyboard. Each 
binary output point shall be displayed with its current status (e.g., Open) and 
shall be operator commandable to go to the opposite position. Each analog 
output point shall be displayed with its actual incremental status (e.g., 20% 
Open, 80% Open, 100% Open, etc.) and shall be operator commandable to be 
move to any incremental position. 

8. The operator shall be permitted to split or resize the viewing screen to show one 
graphic on the left half of the screen and another graphic, point report, etc., on 
the right half screen. This shall allow real time monitoring of one part of the 
system while displaying other parts of the system or data from the system. 

9. An on-line "help" utility shall be provided to facilitate operator training and 
understanding. The "help" utility shall contain text and graphics to clarify system 
operation. At a minimum, help shall be available for every menu item and 
dialogue box. 

10. Electronic messaging facility shall be provided on the Operator Workstation for 
any operator to enter a message to another operator. When an operator with a 
queued message signs onto the operator station, the display shall indicate that 
a message is waiting. Messages shall include the time and date the message was 
sent and the sender's name. 

11. The operator shall be able to easily obtain a hard copy of any graphic and/or 
text display. 

D. Alarm Handling Software 

1. General: Alarm handling software shall be provided to respond to alarm 
conditions sensed and transmitted from the DDC panels. Alarms shall be handled 
on a first in/first out basis in accordance with alarm priority ranking. A minimum 
of 20 alarms must be capable of being stored in case of simultaneous multiple 
alarms. Alarm handler shall be active whether or not an operator is signed on at 
any given time to assure that all alarms are processed at all times. 

2. Alarms shall be displayed at the Operator Workstation with the following 
minimum information given for each alarm: Type of alarm condition, analog value 
or status, point descriptor, and action-taking message. Action-taking message, 
for each alarm, shall indicate possible corrective action as a text string capable 
of being up to 280 characters in length. 

3. Alarms shall be assignable to appropriate Operator Workstations, operators or 
printers. Only those operators having the appropriate password access level 
shall be allowed to acknowledge alarms. 

4. An alarm summary feature shall be provided to allow the operator to display 
and/or print out all current alarms. 

5. Each point shall be assigned to an alarm class. Each alarm class shall be uniquely 
assigned any of the following alarm processing attributes: 

a. Alarm priority. 
b. Audible alarm duration (none, 10 seconds, 20 seconds, continuous). 
c. Audible alarm rate (slow-medium-fast). 
d. Historically archived (yes or no). 
e. Alarm printed, with printer ID. 
f. Associated coloration. 

E. Time of Day Scheduler 

1. Time of day schedules shall be created and modified in a graphic display window. 
A complete week's schedule shall be displayed on a single screen, with individual 
inputs for each of the seven days, and with the capability of multiple start/stop 
times per day. Holiday and "special day" inputs shall allow alternate schedules 
on these user-defined days. A calendar shall be included to allow time of day 
scheduling one year in advance. 
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2. Each schedule shall be able to control up to 60 points. 
3. Override capability for individual command points shall be provided. Overrides 

shall be capable of being entered up to one week in advance. 
4. All schedules and override requests shall be automatically transferred to the 

DDC panels and executed by the DDC panels. 
5. An editing function shall be provided to allow one day's schedule to be copied 

to the next day, or to allow one system's entire schedule to be copied to another 
system, etc. 

6. The time of day scheduler shall work closely with the optimum start/stop 
programs resident in the DDC panels, as well and other application programs. 
For example, once the desired occupancy time is defined by the time of day 
scheduler, the optimum start program shall calculate the time at which the HVAC 
system must start to attain the desired space temperature at occupancy time. 

F. Reports 

1. Standard Reports: Standard reports shall be provided which shall be operator 
selectable to appear on the Operator Workstation, any selected printer or both. 
A "terminate report" command shall be available to allow the operator to stop 
any report in the process of being printed. The following standard preformatted 
reports shall be provided for operator selection: 

a. Point summary reports shall be available at any penetration level (facility, 
building, area, system) and shall include only points at and below that level. 
Point summary reports shall include the current value/status and 
condition, and system and point descriptors for all points. Point summary 
reports shall be selectable for all points, only those points in alarm, fixed 
points, disabled points, locked out points, locked out and in alarm points, 
analog input or output points, digital input or output points. All reports 
shall be capable of being scheduled to run at a specific time and/or interval 
via an operator function supported by necessary data entry templates 
and/or interactive prompts. 

b. Trend reports shall allow the operator to randomly select logical arrays of 
points to be recorded at selectable time intervals. It shall be possible to 
assign up to six variables to each trend report. The format, headers, 
footers, and calculations shall be selectable by the operator. The trend 
report shall be stored to disk and shall be capable of being subsequently 
displayed and/or printed by the operator. 

c. Alarm and run time reports shall be automatically issued to assigned 
printers immediately upon occurrence, and shall consist of the point 
descriptor, the status or value of the point with engineering unit, the time 
and date, and an action taking alarm message. 

d. The user shall be provided with a command trace feature selectable on a 
per point basis allowing the archiving of all commands issued to each 
point. The archived trace shall include the command, the command source, 
the point ID, and the time and date. Command trace reports shall be output 
upon operator demand. 

2. Custom Reports: A custom report capability shall be provided to allow the user 
to format reports of any mix of text, points with status/value and descriptors, 
and points with status/value only. Custom reports shall be scheduled or 
requested manually. Microsoft Excel shall be provided and fully integrated with 
the BAS database, and available to the user. 

G. Graphic Generation Software 

1. An on-line graphic development facility to allow the operator to develop new 
graphic displays or modify existing graphic displays, and to assign and position 
any array of points within each graphic display. 
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2. All graphic displays shall be generated on-line through the graphic generation 
software package at the Operator Workstation. Graphic display generation shall 
not require taking the Operator Workstation off-line and shall not interfere with 
point archiving or alarms. 

3. Graphics shall be created through use of the mouse and keyboard. 
4. Basic drawing functions shall include, as a minimum, freehand, lines, boxes, 

circles, arcs, ellipses. Text shall have multiple fonts and sizes. All symbols shall 
be capable of being moved, rotated, flipped, and scaled in all directions. 
Crosshairs, dimensions and grids shall be available for developing accurately 
scaled drawings. 

5. A standardized graphic library of HVAC and automation symbols shall be 
provided, and shall include fans, control valves, motors, chillers, standard 
ductwork diagrams, dampers, etc. In addition, the user shall have the capability 
to create custom symbols and store them in the graphic library. 

6. The system shall provide expansion to a minimum of 500 graphic displays. 

H. Custom DDC Programming Software 

1. Text Programming Mode 

a. Full screen text editor for creating new custom programs or editing 
existing programs. Programs shall be for use within the DDC panels. Text 
editor shall provide standard word-processing functions such as adding, 
modifying or deleting letters, words or full lines, search and replace 
function, copying blocks of text, etc. 

b. The operator shall be capable of inserting comments at any point within 
the program code to explain the objectives of the program and to clarify 
the code. 

c. The operator shall be capable of archiving program segments for use in 
creating new custom control programs. 

d. A library of standard DDC control algorithms shall be provided as program 
code archived modules to aid the operator in developing new control 
programs. These archived modules shall contain embedded comments to 
allow the operator to understand the objective of the control algorithms 
as well as the function of each line of the program code. The following 
algorithms shall be provided in the library, as a minimum: Proportional (P) 
control, Proportional-Integral (PI) control, Proportional-Integral-Derivative 
(PID) control, Adaptive Control (Self Tuning), Sequence, Reversing, Ratio, 
Time Delay, Time of Day, Highest Select, Lowest Select, Analog Controlled 
Analog Output and Digitally Controlled Analog Output. 

I. System Management Software 

1. Complete utilities necessary for management of the network of DDC panels and 
devices. 

2. Multiple dynamic graphic displays showing each DDC panel, Operator 
Workstation peripheral, and communication links. Clicking on any device shall 
start an interactive dialogue allowing the user to observer the device status and 
to select device management options. Each device shall also be provided with 
an English descriptor of up to 60 characters. Devices in a failed or non-
responsive mode shall show up distinctly in the system graphic displays. 

3. Provide software to execute and observe diagnostics of any remote device 
connected to the communication network and the ability to deactivate and 
restart the device. 

4. The operator shall be provided with the ability to override the use of a portable 
operators unit on any remote DDC panel. 

J. Third-Party Software Compatibility 
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1. The system must be capable of running standard, off-the-shelf, MS-DOS 
compatible software packages concurrently with the real time system. 

2. The system shall include a windowing feature to allow the operator to monitor 
the real time system and use third party software simultaneously. 

2.11 AIRFLOW MEASURING PROBES – DUCT MOUNTED 

A. Duct airflow measuring probes shall contain multiple total and static pressure sensors 
located along the exterior surface of the probe, designed to compensate for non-axial 
or turbulent flow. 

B. Thermal Dispersion type technology may be used in-lieu of static pressure 
measurement. 

C. Probes shall be constructed of extruded aluminum. Probes shall be provided with 
mounting plate, gasket, and static and total pressure fittings. Probe and mounting 
hardware shall facilitate easy removal and reinstallation of the probes. 

D. The number of sensors on each probe, and the quantity of probes provided at each 
location, shall comply with ASHRAE standards for duct traversing. Multiple probes 
provided at a single location shall be interconnected external to the duct to produce 
an average signal. 

E. For each airflow measurement location, the measured velocity pressure shall have 
accuracy within ± 2% of the full scale throughout the velocity range of 300-4000 fpm. 

F. Each airflow measurement location shall be provided with an air volume gauge, dial 
and pointer type with diaphragm element. Black letters on white background, 4" 
diameter, with scale calibrated to permit direct reading of the airflow (in cfm) of the 
connected airflow measuring station. LCD readout with associated transmitter is 
acceptable. 

G. Manufacturers: 

1. Air Monitor Corporation. 
2. Farr. 
3. Ultratech Industries, Inc. 
4. Brandt. 
5. Tek-Air Systems, Inc. 
6. Ramsey Ventures. 
7. Ebtron. 

2.12 AIRFLOW MEASURING PROBES – FAN INLET 

A. Fan inlet airflow measuring probes shall contain multiple total and static pressure 
sensors located along the exterior surface of the probe, designed to compensate for 
non-axial or turbulent flow. Two probes shall be provided for each fan inlet opening. 

B. Thermal Dispersion type technology may be used in-lieu of static pressure 
measurement. 

C. Probes shall be constructed of extruded aluminum. Probes shall be provided with 
mounting bracket designed for attachment to fan inlet bell, and shall have static and 
total pressure fittings. Probe and mounting hardware shall facilitate easy removal and 
reinstallation of the probes. 
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D. Fan inlet airflow measuring probes shall not induce a measurable pressure drop, nor 
shall the sound level within the system be amplified by its presence. 

E. For each fan, the measured airflow shall have accuracy within ± 3% of the actual flow 
throughout a fan operating range of 6 to 1 capacity turndown. 

F. Each airflow measurement location shall be provided with an air volume gauge, dial 
and pointer type with diaphragm element. Black letters on white background, 4" 
diameter, with scale calibrated to permit direct reading of the airflow (in cfm) of the 
connected airflow measuring station. LCD readout with associated transmitter is 
acceptable. 

G. Manufacturers: 

1. Air Monitor Corporation. 
2. Farr. 
3. Ultratech Industries, Inc. 
4. Brandt. 
5. Tek-Air Systems, Inc. 
6. Ramsey Ventures. 
7. Ebtron. 

2.13 AIRFLOW MEASURING PROBES – OUTSIDE AIRFLOW 

A. Duct airflow measuring probes shall be Thermal Dispersion type. 

B. Probes shall be constructed of extruded aluminum. Probes shall be provided with 
mounting plate, and gasket. Probe and mounting hardware shall facilitate easy 
removal and reinstallation of the probes. 

C. The number of sensors on each probe, and the quantity of probes provided at each 
location, shall comply with ASHRAE standards for duct traversing. Multiple probes 
provided at a single location shall be interconnected external to the duct to produce 
an average signal. 

D. For each airflow measurement location, the measured velocity pressure shall have 
accuracy within ± 2% of the full scale throughout the velocity range of 0-4000 fpm. 

E. Associated transmitter at each airflow measurement location shall be provided with 
LCD readout to indicate airflow (in CFM) of the connected airflow measuring station. 

F. Manufacturers / Model: 

1. Ebtron / Gold Series. 
2. Air Monitor Corporation / ELECTRA-flo. 

2.14 AIRFLOW MEASURING STATIONS – DUCT MTD THERMAL DISPERSION (INCLUDING 
OA FLOW) 

A. Airflow measuring station with thermal dispersion type technology utilizing perimeter 
chamber with array of inlet ports to produce an overall average airflow rate shall be a 
preassembled unit including casing with connecting flanges, fabricated to the duct 
size. 
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B. Airflow measuring station shall have a galvanized steel casing (or stainless steel if 
manufacturer’s standard) and the entire assembly shall be fabricated to withstand the 
maximum pressures and velocities for the application. 

C. Probe type units shall be constructed of extruded aluminum and the number of sensors 
on each probe, and the quantity of probes provided at each location, shall comply with 
ASHRAE standards for duct traversing. Multiple probes shall be interconnected 
external to the duct to produce an average signal. 

D. Perimeter chamber type units shall direct air through the mass airflow sensing probe. 

E. For each airflow measurement location, the measured airflow shall have accuracy 
within ± 2% of the full scale throughout the velocity range of 0-4000 fpm. 

F. Associated transmitter at each airflow measurement location shall be provided with 
LCD readout to indicate airflow (in CFM) of the overall airflow measuring station. 

G. Manufacturer: 

1. NJK Precision Air Flow Measurement Products. 

2.15 AIRFLOW MEASURING STATIONS – DUCT MOUNTED PITOT TYPE (NOT FOR OA 
FLOW) 

A. Airflow measuring station shall contain multiple airflow traverse probes in a casing 
with connecting flanges, fabricated to the duct size. 

B. The multiple traverse probes shall be factory positioned and interconnected by metal 
tubing, with multiple total and static pressure sensors along the exterior surface of the 
probe. Total and static pressure shall be sensed at locations to comply with ASHRAE 
standards for duct traversing, and shall be interconnected to produce average signals. 

C. The airflow measuring stations shall be installed to meet at least the manufacturer's 
minimum installation recommendations for straight duct runs, and shall not amplify 
the sound levels within the duct. The maximum pressure drop shall be as scheduled, 
or 0.07" WG maximum. 

D. The measured velocity pressure shall have accuracy within ± 2% of the full scale 
throughout the velocity range of 300-4000 fpm. 

E. Airflow measuring station shall have a galvanized steel casing and the entire assembly 
shall be fabricated to withstand the maximum pressures and velocities for the 
application. 

F. Every airflow measuring station shall be furnished with an air volume gauge, dial and 
pointer type with diaphragm element. Black letters on white background, 4" diameter, 
with scale calibrated to permit direct reading of the airflow (in cfm) of the connected 
airflow measuring station. 

G. Manufacturers: 

1. Air Monitor Corporation. 
2. Farr. 
3. Brandt. 
4. Tek-Air Systems, Inc. 
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2.16 CONTROL AND INSTRUMENTATION TUBING 

A. Copper Tubing: ASTM B280 or ASTM B75, seamless, hard drawn or annealed. 

1. Fittings: ANSI/ASME B16.22, wrought copper. 
2. Joints: ANSI/ASTM B32, 95-5 tin antimony. 

B. Copper Tubing: ASTM B280 or ASTM B75, seamless, hard drawn or annealed. 

1. Fittings: UL approved rod or forged brass rated to 200 psig at 100 degrees F. 
2. Joints: Ball Sleeve compression type. 

C. Polyethylene Tubing: Black, UL 1820 flame and smoke retardant where exposed in an 
air plenum, virgin polyethylene, conforming to modified ASTM D1693 test. All non-
metallic tubing shall be minimum 1/4" O.D.; micro-sleeve is not acceptable. 

1. Fittings: UL approved rod or forged brass rated to 200 psig at 100 degrees F. 
2. Joints: Compression or barbed type. 

2.17 CONTROL VALVES AND VALVE OPERATORS 

A. Pressure dependent Characterized Ball Valves (2-way & 3-way): 

1. Up to 2 inches: Bronze body with screwed ends, stainless steel or chrome plated 
brass ball, characterizing disc, stainless steel or brass stem, and resilient 
reinforced Teflon seats. 

2. Manufacturers: 

a. Belimo. 

B. Globe Valves (2-way & 3-way): 

1. Up to 2 inches: Bronze body, bronze trim, rising stem, renewable composition 
disc, single seated, screwed ends with backseating capability, repackable under 
pressure. 

2. Over 2 inches: Iron body, bronze trim, rising stem, plug-type disc, flanged ends, 
renewable seat and disc, repackable under pressure. 

3. Valve stem packing shall be tetrafluorethylene, spring loaded and self-adjusting. 
Packless construction is acceptable. 

4. Manufacturers: 

a. Belimo. 

C. Butterfly Pattern:  Refer to Division 20 Section “Valves” for valve body and trim 
requirements. 

D. Electric Operators: 

1. Operators shall be electronic type to accept signals from direct digital controller 
or modulating thermostat for proportional control. 

2. Valves shall spring return to normal position as indicated. Terminal unit 
tempering coil control valve operators are not required to be spring return. 

3. Select with sufficient shut-off power for system pressure and highest operating 
torque, and torque requirements of valves which may stick because of infrequent 
use. 
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4. Select to provide smooth proportioning control under operating conditions 
normal to the system. 

5. Electric Butterfly Control Valve Actuators: Permanent split capacitor, reversible 
electric motor which drives a compound epicyclic gear, thermal overload 
protection, factory tested, factory lubricated, localized mechanical position 
indicator readable at 25 feet, 0-90 degree reversible operation, bolt directly to 
valve top plate. Housing shall be weatherproof and suitable for outdoor location. 
Provide thermostatically controlled heater for prevention of condensation at low 
temperatures, 120 VAC. Actuator ambient temperature range shall be -20 
degrees F to +140 degrees F. Provide separate limit switches which close at the 
full open and full closed position, respectively. Actuator shall include a manually 
operated handwheel for manual override of the valve position. 

E. Hydronic Systems: 

1. Valve minimum pressure rating shall meet or exceed the system minimum 
pressure rating as noted for each system in Division 20 Section “Valves,” and in 
Division 23 Section “Hydronic Piping.” 

2. Valve minimum temperature ratings shall be 250 deg F. 
3. For globe valves: Replaceable plugs and seats of stainless steel or brass, selected 

for maximum lift under application conditions. 
4. Two way and three way valves shall have equal percentage characteristics. Size 

two way valve operators to close valves against pump shut off head. 
5. Pressure independent control valves shall be used for 2-way applications unless 

otherwise indicated.  Select to achieve scheduled flow rate of the associated 
heat transfer device.  If the scheduled flow rate is too high to achieve with one 
valve, provide multiple valves sized at flow divided equally of the scheduled flow 
rate and control all valves in unison - coordinate control valve quantity and the 
need for parallel piping of control valves with mechanical contractor. 

6. Pressure Drop for pressure dependent characterized ball and globe valves:  
Select Control valves that result in a pressure drop at or as close as possible to 
scheduled information.  If not scheduled, primary HVAC equipment and terminal 
equipment control valves shall be selected for a pressure drop close as possible 
to 11.5 feet of head (5 psig). TC Contractor shall use control valves that meet the 
pressure drop requirements from manufacturers listed above. 

F. Natural Gas Solenoid Shutoff Valves: 

1. Operation: Direct acting, electric solenoid operated, gas shutoff valve rated to 
be energized open when in service and closed (de-energized) when the EPO 
pushbutton is activated. Select valve solenoid coil electrical characteristics 
based on circuit power being provided. Valve shall be UL recognized component 
to Standard 429 – Electrically Operated Valves. 

2. Description: 

a. Action: Normally closed – energize to open. 
b. Sizing: To close against the system pressure at “line-size.” 
c. Coordinate pipe connection style with the installation contractor. 
d. Heavy-duty assembly. 
e. Body: Brass for copper pipe and stainless steel for ferrous pipe. 
f. Seats and Discs: NBR or PTFE. 
g. Solenoid Enclosure: NEMA 250, Type 4. 

3. Manufacturers: 

a. ASCO 2/2 Series Model 200-series Modular. 
b. Honeywell V4295 Series. 
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2.18 DAMPERS - AUTOMATED 

A. Performance: Test in accordance with AMCA 500. 

B. Frames: Galvanized steel, minimum 16 gauge, minimum 2 inches in width, welded or 
riveted with corner reinforcement for 12 gage structural equivalence. 

C. Blades: Galvanized steel, minimum 14 gauge, maximum blade size 8 inches wide, 60 
inches long, attached to minimum 1/2 inch shafts. Dampers which are required to have 
a static pressure rating over 4 inch W.G. shall have minimum 3/4 inch solid shafts. 

D. Blade Seals: Synthetic elastomeric or Neoprene, mechanically attached, field 
replaceable. 

E. Jackshafts (where required): Minimum 1/2 inch galvanized steel. 

F. Jamb Seals: Stainless steel. 

G. Bearings: Oil impregnated sintered bronze or lubricant free, solid stainless steel. 
Provide thrust washers at bearings for all dampers which are to be mounted with 
blades in the vertical position. 

H. Linkages: Accessible for maintenance. Linkages may be located in airstream. Linkages 
located in damper frame shall be external to the duct, accessible for maintenance. 
Linkages located in the airstream shall be zinc-plated. 

I. Leakage: Less than 8 CFM per square foot based on 4 inches W.G. pressure differential. 

J. Static Pressure Rating: As scheduled on the drawings, or if not scheduled, minimum 4" 
W.G. 

K. Maximum Velocity: As scheduled on the drawings, or design for maximum velocity to 
be encountered in location where installed. 

L. Temperature Limits:  -40 to 200 deg F. 

M. Dampers located in stainless steel or PVC coated ductwork (Refer to Division 23 
Section “Metal Ducts” for ductwork requirements) and dampers located within 
stainless steel or corrosion-resistant coated environmental equipment (Refer to 
Division 23 Section “Environmental Equipment” for environmental equipment 
requirements): Fabricate and size as indicated above, with the following additional 
requirements. 

1. Frames: Type 316 stainless steel. 
2. Blades and shafts: Type 316 stainless steel. 
3. Blade seals: Type 316 stainless steel, mechanically attached. 
4. Jackshafts (where required): Minimum 3/4 inch stainless steel. 
5. Bearings: Solid stainless steel. 
6. Linkages: Accessible for maintenance. Linkages located in damper frames shall 

be external to the duct, accessible for maintenance. Linkages located in the 
airstream shall be Type 316 stainless steel. 

7. All components exposed to the airstream shall be constructed of Type 316 
stainless steel: 

N. Manufacturers: 

1. American Warming & Ventilating. 
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2. Arrow United Industries. 
3. Greenheck. 
4. Honeywell. 
5. Johnson Controls. 
6. Louvers & Dampers, Inc. 
7. Ruskin. 
8. Tamco. 
9. Vent Products. 

2.19 DAMPERS, INSULATED OUTDOOR AIR / RELIEF AIR / EXHAUST AIR - AUTOMATED 

A. Performance: AMCA certified for Air Performance and Air Leakage. 

B. Frames: Extruded aluminum, .080-inch thickness minimum, 4 inches deep minimum, 
thermally broken, and insulated with polystyrene or polyurethane foam insulation. 

C. Blades: Extruded aluminum, internally insulated, and thermally broken.  Maximum 
blade size 8 inches wide, 60 inches long. 

D. Shafts: Minimum 7/16 inch hexagonal or square corrosion resistant zinc plated steel.  

E. Blade Seals: Extruded EPDM, silicone, or synthetic elastomeric, mechanically attached. 

F. Jamb Seals:  Silicone, or synthetic elastomeric, mechanically attached. 

G. Bearings: Dual bearing assembly of durable synthetic polymer resulting in no metal-
to-metal contact.  Provide thrust washers at bearings for all dampers which are to be 
mounted with blades in the vertical position. 

H. Linkage: Linkage shall be installed in the frame side and shall be constructed of 
aluminum and/or corrosion resistant zinc plated steel. 

I. Leakage: Less than 3 CFM per square foot at 1 inch W.G. pressure differential at minus 
40 deg F. 

J. Static Pressure Rating: As scheduled on the drawings, or if not scheduled, minimum 4 
inches W.G. 

K. Maximum Velocity: As scheduled on the drawings, or design for maximum velocity to 
be encountered in location where installed. 

L. Temperature Limits:  Minus 40 to 155 deg F. 

M. Manufacturers: 

1. Greenheck ICD-45. 
2. Ruskin TED50 Series. 
3. Tamco Series 9000 BF. 

2.20 DAMPER OPERATORS - ELECTRIC 

A. Electric damper motor shall be 24 or 120 volt two-position or modulating as required 
with spring return type and sized to operate the damper with sufficient reserve power 
for smooth operation from full close to full open and tight shut-off. Damper motor shall 
have "O ring" gaskets for weatherproof operation. 
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B. Number: Sufficient to achieve unrestricted movement throughout damper range. 
Provide sufficient number of operators such that one operator does not operate more 
than the maximum square footage of damper area as recommended in standard 
catalog of manufacturer. 

C. Manufacturers: 

1. Belimo. 

2.21 DIFFERENTIAL PRESSURE SWITCHES 

A. Shall provide electrical switching action upon a sensed pressure differential increase 
between two sensed points. Sensitivity shall be suitable for the application. Setpoint 
shall be adjustable over the full range of the device. Switching action shall open or 
close two independent single-pole, double-throw (SPDT) switches. Electrical switch 
rating shall be based on the application and circuit voltage 

B. Pressure rating of switch/connecting tubing and reset type: 

1. Filter pressure drop - Rated for 2 inches w.g. Provide automatic reset type. 
2. Duct static pressure - Rated for 10 inches w.g. Provide manual reset type when 

used for high limit cutout safety. 

2.22 ELECTRICAL REQUIREMENTS FOR CONTROLS WORK 

A. Electrical accessories such as relays, switches, contactors and control transformers 
shall meet the requirements of the Division 26 Specifications of respective project. 

B. Electrical wiring and conduit shall meet the requirements of the Division 26 
Specifications. 

C. All control wiring in mechanical rooms and any other exposed areas shall be run in 
conduit. Low voltage temperature control wiring in concealed accessible locations (i.e. 
above lay-in ceilings), as well as low voltage temperature control wiring within 
partitions, may be run using plenum rated cable, neatly tie-wrapped and fastened to 
the building structure (not to ceiling or ceiling support wires). 

D. Conduits carrying control wiring shall be sized for a maximum fill of 40% of capacity. 

E. Where raceway is required, two separate raceway systems shall be provided; one for 
A.C. wiring and the other for D.C. wiring. 

F. Data transmission cabling and equipment grounding procedures shall meet the latest 
FCC guidelines for electromagnetic field generation. 

G. All control wiring sizes and types shall meet or exceed the equipment manufacturer's 
recommendations. 

H. TC Contractor shall provide 24V power supply transformers for TC Contractor 
provided controllers.  Maximum Transformer circuit for controls shall be 100VA serving 
controllers within mechanical room control panels or for remote terminal unit 
controllers served from common 24V power supply circuit. Transformers shall be 
located within enclosures provided by TC Contractor. 
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2.23 EMERGENCY POWER-OFF (EPO) PUSH-BUTTON 

A. ADA compliant, push-button switch with clear cover to prevent inadvertent closure.  
Push-to-activate push-button, and providing two SPDT contacts rated 10 Amps at 120 
VAC. 

B. Manufacturers: 

1. Safety Technology International – model SS-2212PO 
2. Alarm Controls Corporation – model ADC-100. 

2.24 FLOW METERS / REMOTE DISPLAY 

A. Inline Type: ONICON Model FT-3000 Series Inline Electromagnetic Flow Meter (For 
FM-x and FM-x indicated on the Temperature Control drawings). FT-3100 or FT-3200 
for indicated accuracy applications. With following requirements: 

1. NIST traceable, wet calibrated flow-measuring element, transmitter, visual 
display, ANSI Class 150 or 300 mounting flanges, and calibration certificate. 

2. Application Range: This contractor shall be responsible for selecting the 
flowmeter options submitted based on the application. Flowmeter shall be 
constructed, calibrated and scaled for the intended application in terms of pipe 
size, pipe material, installation requirements, expected flow rate, ambient 
conditions and fluid characteristics which include but are not limited to pressure, 
temperature, conductivity and viscosity. 

3. Sensing Technology: Electromagnetic velocity-measuring element. 
4. Design: Electromagnetic sensing element shall utilize a minimum of two 316L 

stainless steel electrodes to measure the average flow rate velocity. 
5. Construction: Flowmeter shall consist of epoxy painted carbon steel outer body, 

304 stainless steel flow tube and integral liner to be selected based on pipe size 
and operating temperature and fluid as follows: 

a. Ebonite, 8-48” pipe size, Temperature Range of 32-175oF. 
b. Polypropylene, 1-6” pipe size, Temperature Range of 32-140 oF. 
c. PTFE, 1-6” pipe size, Temperature Range of 32-140 oF. 

6. Individual calibration tag shall be attached indicating calibration and 
programming information. 

7. Maximum Pressure Rating:  580 psig. 
8. Maximum Temperature Rating: 266oF. 
9. End Connections for NPS 1.0” and Larger: ANSI Class 150 Flange typical. 
10. Flow Range: Flow-measuring element and transmitter shall cover operating 

range of equipment or system served. 
11. FT-3200 For Decoupler applications with minimal upstream & downstream pipe 

diameters. Accuracy: Flowmeter shall provide calibrated outputs directly from 
the transmitter, throughout the operating range with the accuracy stated as 
follows: 

a. Plus or minus 0.2% of rate from 1.6 to 33.0 ft/sec velocity. 
b. Plus or minus 0.0033 ft/s at flow rates < 1.6 ft/s 

12. FT-3100 For locations with adequate 10 pipe diameters upstream & 5 
downstream.  Accuracy: Flowmeter shall provide calibrated outputs directly 
from the transmitter, throughout the operating range with the accuracy stated 
as follows: 

a. Plus or minus 0.4% of rate from 3.3 to 33.0 ft/sec velocity. 
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b. Plus or minus 0.75% of rate from 1.3 to 3.3 ft/s 
c. Plus or minus 0.0075 ft/s at flow rates < 1.0 ft/s 

13. Calibration:  Each flowmeter shall receive a wet calibration, within the expected 
operating range, against a primary volumetric standard directly traceable to 
international standards in accordance with ISO 9104:1991 and ISO 17025:2005.  

14. Transmitter enclosure shall be cast aluminum, IP67 rated. 
15. Display: Menu driven via three (3) button programming keys and shall include 16 

character, 8 line graphic LCD backlit display. Display shall provide instantaneous 
flow rate information, totalized flow information, flow velocity, flow direction, 
short term trend data and shall be factory configured for a specific flowmeter 
application. 

16. Where indicated on drawings, provide MODBUS RS-485 communication for BAS 
monitoring. 

17. Warranty: Each flowmeter shall be covered by the manufacturer’s three-year 
warranty. 

B. Insertion Type:  For locations with adequate 10 pipe diameters upstream & 5 
downstream:  ONICON Model FT-3400 Insertion Electromagnetic Flowmeter (For FM-
x and FM-x locations indicated on the Temperature Control drawings). With following 
requirements: 

1. Description: Provide an insertion electromagnetic flowmeter complete with NIST 
traceable, wet calibrated flow-measuring element, transmitter, installation 
valves, adjustable installation depth gauge, and calibration certificate. 
Flowmeter shall be wet-tappable, allowing insertion and removal from the flow 
stream without system shutdown. 

2. Application Range: The contractor shall be responsible for selecting the 
flowmeter options submitted based on the application. Flowmeter shall be 
constructed, calibrated, and scaled for the intended application in terms of pipe 
size, pipe material, installation requirements, expected flow rate, ambient 
conditions, and fluid characteristics which include but are not limited to pressure, 
temperature, conductivity, and viscosity.  

3. Sensing Technology: Electromagnetic velocity-measuring element. 
4. Design: Electromagnetic sensing element shall utilize two sets of diametrically 

opposed electrodes to measure the average flow rate velocity.  
5. Construction: Wetted components shall be constructed of 316L stainless steel 

with an attached tag indicating calibration information. Sensor technology shall 
have a NEMA4 enclosure. 

6. Maximum Pressure Rating: 400 psig. 
7. Fluid Temperature Rating: 15F to 250 oF. 
8. Ambient Conditions Transmitter: -20F to 150 oF. 
9. Pipe Size Range Standard Configuration: 3 - 72" nominal diameter. 
10. End Connections for NPS 1.25” and Larger: 1” Male NPT Hot Tap Adapter fitting. 

Installation through 1” full port isolation valve, minimum. 
11. Flow Range:  Flow-measuring element and transmitter shall cover the operating 

range of equipment or system served. 
12. Accuracy:  Flowmeter shall provide calibrated outputs directly from the integral 

transmitter, throughout the operating range with the accuracy stated as follows:  
13. Accuracy: ±1.0% of reading from 2 - 20 ft/s | ±0.02 ft/s below 2 ft/s 
14. Flow Range: 0.1 ft/s to 20 ft/s (200:1 turndown) 
15. Minimum Conductivity: 25 μS/cm 

16. Calibration: Each flowmeter shall receive a wet calibration, within the expected 
operating range, against a primary volumetric standard that is traceable to NIST. 

17. Input Power: 20 - 28 VDC, 400 mA at 24 VDC or 20 - 28 VAC, 60 Hz, 10 VA 
18. Analog Outputs: (1) one active 4-20mA, and (1) one 2-10V, or 1-5V. Alarm 

condition at 2mA for 4-20mA, 1V for 2-10V, or 0.5V for 1-5V analog output. 
19. Digital Outputs: (3) Isolated solid-state dry contacts. (1) one for totalization, (1) 

one for optional directional contact, and (1) meter master alarm  
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20. Frequency Output: (0-15V peak pulse, 0-500hz) 
21. Operating and Installation Instructions: Installation and operating instructions 

shall be provided for each flowmeter.  
22. Warranty: Each flowmeter shall be covered by a one-year no-fault warranty and 

three-year manufacturing warranty. 
23. Installation: 

a. Meters shall be installed per the manufacturer’s recommendations. 
b. Install meters and allow space for service and maintenance. 
c. This contractor shall be responsible for connecting all flow meter-system 

elements. 
d. This contractor shall be responsible for connecting the flow meter to any 

optional display. 

24. Commissioning: After installation, commission all meters according to the 
manufacturer's written instructions. 

C. Remote Display: ONICON System 1000 Energy Measurement System (Remote Display 
application For FM-x and FM-x indicated on the Temperature Control drawings). With 
following requirements: 

1. Micro-processor-based flow computer for configuration and display of remote 
flowmeters. The measurement system shall be configured for the specific 
application prior to delivery.  

2. Factory programmed for its specific application, and shall be re-programmable 
using the front panel keypad (no special interface device or computer required). 

3. Enclosure: NEMA 13, painted die cast aluminum enclosure, designed for wall or 
DIN Rail mounting. 

4. Backlit Alphanumeric display. 
5. Non-Volatile EEPROM memory 
6. Power 24VAC or 120-230VAC, electronics shall provide 24 Vdc @ 1000mA 

power to flow meters and electronics. 
7. Calibration and Configuration: Each system shall be factory programmed for the 

specific application and each metering system component, flow meters, with 
certificate of calibration, directly traceable to N.I.S.T. 

8. Display: Provide an operator interface consisting of four pushbuttons and 
graphical interface. Display shall visually indicate total fluid volume, 
instantaneous flow rate, auxiliary flow rate, auxiliary accumulation totals, and 
alarm contact.   

9. Flow Meters: Refer to flow meters selected shall be suitable for the specific 
application. 

10. Listings and Certifications: FCC: Part 15, Subpart B; UL listed.  
11. Provide BACnet MS/TP communication for BAS monitoring. 
12. Warranty: Each system shall be covered by the manufacturer’s three-year 

warranty and 1 year No-Fault Warranty. 
13. Installation: 

a. System shall be installed according to the manufacturer’s 
recommendations. 

b. Install panel displays to allow service and maintenance. 
c. Contractor shall be responsible for connecting all flow meter-system 

elements. 
d. Wire per and per all local, state, and federal requirements and NEC 

requirements After installation, commission all meters according to 
manufacturer's written instructions.  

14. Commissioning: After installation, commission all meters according to 
manufacturer's written instructions. 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
TEMPERATURE CONTROLS  230933 - 37 

2.25 INDICATING GAUGES - DUCT STATIC PRESSURE 

A. 4" diameter dial in metal case, diaphragm actuated, black figures on white 
background, front recalibration adjustment, scale as indicated on drawings or as 
appropriate for application, suitable for surface or flush mounting. Accuracy ± 2 % of 
full scale. 

B. Where indicated on drawings, gauge shall incorporate high and low pressure switches. 
Switches shall be front adjustable over the full range of the gauge with pointers and 
with adjustable deadband to 1% of full scale. Separate electrical contacts shall close 
upon reaching the high or low pressure setpoints. 

C. Manufacturer: 

1. Dwyer "Magnehelic" or "Photohelic." 

2.26 LIMIT SWITCHES 

A. Oil tight type with operator as required providing required function. Limit switches 
used on dampers should be set at approximately 75% of full stroke. 

B. Manufacturers: 

1. Allen-Bradley. 
2. General Electric. 
3. Square D. 
4. Westinghouse. 
5. Micro-switch. 

2.27 LOCAL AND AUXILIARY CONTROL COMPONENT ENCLOSURE PANELS 

A. Unitized cabinet type for each system under automatic control with relays and 
controls mounted in cabinet and temperature indicators, pressure gauges, pilot lights, 
pushbuttons and switches flush on cabinet panel face, or as detailed on drawings. 
Provide panel with locking door. 

B. ANSI/NEMA 250, general purpose utility enclosures with enameled finished face panel, 
or as indicated on the drawings. 

C. Panels shall be sized for a maximum fill of 50% capacity, and shall not be smaller than 
24" X 24". 

2.28 REFERENCE PROBE - DUCT STATIC PRESSURE 

A. Duct static pressure probe shall be capable of static pressure measurement with bi-
directional flow in a duct, plenum or air handling unit. Probe shall have minimum 4" 
insertion depth, shall compensate for total pressure error, and shall provide an 
accurate, repeatable and stable static pressure value with a maximum flow of 4000 
fpm. 

B. Probe shall be constructed of aluminum, with mounting flange suitable for round or 
flat duct surfaces. Probe shall have static pressure signal fitting. 

C. Manufacturers: 
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1. MAMAC # A-520. 
2. Dwyer # A-305. 
3. Tek-Air # T-SPP 7100/7200. 

2.29 REFERENCE PROBE - INDOOR STATIC PRESSURE 

A. Indoor pressure reference probe shall be a shielded static pressure sensor suitable for 
flush mounting in the ceiling, complete with multiple sensing ports, pressure impulse 
suppression chamber, airflow shielding, control tubing take-off fitting, and brush finish 
on exposed surface. Probe shall be capable of sensing the static pressure in the 
proximity of the sensor to within 1% of the actual pressure value while being subjected 
to a maximum airflow of 1000 fpm from a radial source. 

B. Manufacturers: 

1. Air Monitor Corporation. 
2. Tek-Air. 

2.30 REFERENCE PROBE - OUTDOOR STATIC PRESSURE  

A. Outdoor pressure reference probe shall be constructed of anodized aluminum, with 
control tubing take-off fitting, which shall be capable of sensing the outside ambient 
air pressure to within 2% of the actual value when subjected to radial wind velocities 
up to 80 miles per hour with approach angles up to 30 degrees to the horizontal. 

B. Manufacturers: 

1. Air Monitor Corporation. 
2. Tek-Air. 

2.31 THERMOMETERS - AIRSTREAM 

A. ASTM E1, 4 inch diameter dial in stainless steel or drawn steel with enamel finish case, 
vapor or liquid actuated with brass or copper bulb, copper or bronze braided capillary 
of sufficient length and with necessary bulb supports within airstream, white with black 
markings and black pointer, unbreakable lens, 1 percent scale accuracy. Maximum scale 
divisions shall be 2 deg F. Select scale ranges such that all expected temperatures are 
within the range but such that the range does not extend beyond the extremes more 
than 25 degrees. 

B. Manufacturers: 

1. Trerice. 
2. Weksler. 
3. Marsh. 
4. Honeywell. 
5. Schneider Electric Controls. 
6. Johnson Controls. 
7. Siemens. 
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2.32 THERMOSTATS – ELECTRONIC & ELECTRIC 

A. Electronic Floating Control Room Thermostats: Microprocessor based tri-state 
(floating)proportional thermostat providing individual room control with setpoint 
adjustment, locking cover and range stops, output status LED’s, night setback/setup 
feature with local override switch. Manufacturer: Honeywell, Model T6984 or similar. 

B. Electronic Modulating Control Room Thermostats: Microprocessor based modulating 
2-10V DC thermostat providing individual room control with setpoint adjustment, 
locking cover and range stops, output status LED’s, night setback/setup feature with 
local override switch. Capable of single and dual modulating outputs to meet required 
control application. Manufacturer: Honeywell, Model T7984 or similar. 

C. Line Voltage Room Thermostats: Adjustable single setpoint with exposed  setpoint 
indicator and exposed thermometer for a range of 55 deg F to 85 deg F with maximum 
dead band of 1-1/2 degrees F, and locking cover.  Contacts shall be rated for load, 
single-pole or two-pole as required. Provide with integral manual On/Off/Auto 
selector switch where indicated on control details.  Power Requirement: 24 V, ac or 
120 V, ac as required. 

D. Room Thermostat Accessories: 

1. Thermostat Covers: Manufacturers standard with finish as selected by Architect. 
2. Insulating Bases: Provide one inch insulating base for thermostats located on 

exterior walls. 
3. Adjusting Key: As required for device. 

E. Electric Low Limit Duct Thermostat (freezestat): Snap acting which trips if 
temperature sensed across any 12 inches of bulb length is equal to or below setpoint, 
fixed 5 deg F differential, range 30 deg F to 60 deg F, requiring minimum 20 feet 
length of bulb. Manual-reset unless indicated on drawings to be auto-reset type.  
Provide one thermostat for every 20 sq ft of coil surface. Switch shall be UL listed and 
rated for 10 amps at 120 VAC. Provide additional switch or contacts for connection to 
monitoring system. 

F. Electric High Limit Duct Thermostat: Snap acting, manual reset switch. 

G. Electric; water-immersion type thermostat, for installation in hot-water circulation 
piping adjustable for control of water circulation pump.  Operation of pump to be On 
or Off upon setpoint as required per control details. Contacts shall be rated for load.  
Provide transformer for 24 V, ac or 120 V, ac duty as required. 

H. Electric; strap-on piping type thermostat for control of fans with hot water heating 
coils.  Operation of fan to be Off when temperature is below setpoint as required per 
control details. Contacts shall be rated for load.  Provide transformer for 24 V, ac or 
120 V, ac duty as required 

I. Manufacturers for listed Thermostat Types: 

1. Honeywell International, Inc. 
2. Johnson Controls, Inc. 
3. Schneider Electric USA, Inc. 
4. Siemens Industry, Inc.; Building Technologies Division. 
5. White-Rodgers Div.; Emerson Electric Co. 
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2.33 WATER FLOW SWITCHES 

A. UL listed, suitable for all service application conditions. Body minimum working 
pressure rating shall equal or exceed system pressure rating as noted for each system 
in Division 22 and 23 piping sections. 

B. Manufacturers: 

1. ITT. 
2. Honeywell. 
3. Johnson Controls. 

PART 3 - EXECUTION 

3.1 INSTALLATION - CONTROL SYSTEMS 

A. Install in accordance with manufacturer's instructions. 

B. Check and verify location of temperature sensors, thermostats and other exposed 
control sensors with plans and room details before installation. Locate room 
temperature sensors and thermostats 48 inches above floor unless noted otherwise. 

C. The location of all control-related items to be mounted on the exterior of the building 
must be approved by the Architect prior to installation. Indicate proposed locations 
on the shop drawings. 

D. Caulk both sides of damper frames to duct walls to prevent leakage between damper 
frame and duct. 

E. Mount control panels adjacent to associated equipment on vibration free walls or free 
standing angle iron supports. Sensors used for closed loop control must be connected 
to the same DDC controller as the associated output signal. 

F. Provide conduit and electrical wiring where required. 

G. All wiring in altered and unaltered areas shall be run concealed.  "Wiremold" in finished 
areas shall be allowed when wiring cannot be run concealed in walls or partitions.  
Minimize “wiremold” routing. 

H. Splicing of DDC sensor cabling at junction boxes shall not be acceptable. 

I. All equipment which has moving parts and is remotely started by the control system 
shall be provided with warning labels no less than 2 inches in height, and in bright 
warning color, stating that the equipment is remotely started by automatic controls. 
Such labels shall be posted clearly in the area of any moving parts, such as belts, fans, 
pumps, etc. 

J. Coil and conceal excess capillary on remote element instruments. 

K. Install thermometers in air duct systems on flanges. 

L. Install all gauges and thermometers in locations where they are easily read from 
normal floor level. Provide tubing or wiring as required. 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
TEMPERATURE CONTROLS  230933 - 41 

M. Locate all control components and accessories such that they are easily accessible for 
adjustment, service and replacement. 

N. Locate, size and support sensing elements in airstreams so that they properly sense 
the representative condition. Controlling, transmitting and indicating elements shall be 
located to sense the average condition. Safety elements shall be located to sense the 
extreme condition. 

O. Locate and size sensing elements in liquid lines so that they are in moving liquid and 
not in stagnant or turbulent locations. Wells shall not obstruct the flow of the liquid 
being measured. Pipes one inch and smaller shall be increased at least one pipe size 
at the point of insertion. 

P. Locate pressure sensing taps in liquid lines in straight runs of pipe with at least 10 pipe 
diameters of straight pipe both upstream and downstream of pressure tap. Provide a 
shut-off cock in sensing line at each pressure tap. 

Q. Install pressure sensing elements in ducts and casings with clean, sharp taps to 
accurately read true static pressure, avoiding velocity influence and turbulence. 

R. Locate, support and install all control components and accessories so that they will 
not be subject to vibration, excessive temperatures, dirt, moisture or other harmful 
conditions beyond their rated limitations. 

S. Where insulation is penetrated due to the installation of sensing elements or tubing, 
reseal the openings air and vapor tight. Provide brackets for devices to be located on 
insulated surfaces so as to clear the finished surface of the insulation and to avoid 
puncturing the vapor seal. 

T. Provide all necessary relays, switches, linkages, control devices, accessories and 
connections as required for a complete and operational control system as specified 
herein and shown. 

U. All electric valve and damper operators shall be capable of moving from full closed to 
full open, or vice versa, within 120 seconds. 

3.2 TC CONTRACTOR DESIGN & INSTALLATION COORDINATION MEETINGS 

A. Temperature Controls Shop Drawing Pre-submittal Meeting:  TC Contractor’s option 
to schedule a meeting at the Engineer’s Office to review project design documentation 
for clarification purposes to aide in the TC Contractor development of TC/BAS shop 
drawings.  For simple clarification items, TC Contractor may contact Engineer via 
telephone to discuss.  For project scope questioning items, TC Contractor shall utilize 
the formal Request of Information (RFI) process. 

B. Temperature Controls Shop Drawing Submittal Meeting:  Project Design Engineer’s 
option to schedule a meeting at the Engineer’s Office to review the TC Contractor’s 
formally submitted drawings to address Engineer’s comments and concerns that 
indicate TC Contractor’s shop drawings vary from project design intent.  This meeting 
can be avoided if TC Contractor’s shop drawing submittal is complete and Engineer is 
confident that documents are going to lead to an installation that meets project design 
intent. 

C. Temperature Controls Installation Technician Meeting:  Project Design Engineer’s 
option to schedule a meeting at the project site to meet and discuss project 
expectations with the TC Contractor’s field installation technician and/or project 
manager.  Discussion may include  
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1. Shop drawing review comments to ensure installation technician has the most 
up-to-date TC submittal. 

2. Graphics generation requirements including special Owner requirements and 
schedule for completion. 

3. Owner training agenda and scheduling. 
4. TC/BAS system acceptance procedures. 

3.3 IDENTIFICATION AND MARKING 

A. All sensors, relays, switches, etc. shall be marked with the same identification number 
as used on the as-built shop drawings. Use Brother P-touch label maker or similar with 
black text on clear or white super adhesive tape.  If label applied in wet environment, 
spray label with clear enamel for waterproofing. 

B. Wire shall be color coded according to functional use. Identify color coding format on 
record drawings. 

C. Identify each wire as to ID number at each controller termination, field device 
termination or on the field device. 

D. All control panels and auxiliary enclosures shall be supplied with engraved phenolic 
nameplate permanently attached on the front exterior with panel identification to 
match details of temperature control submittals and include system(s) served and 
area(s) served on the labeling.  Include labeling near 120VAC terminations within panel 
identifying power source panel ID and specific circuit breaker used. 

E. Temperature control conduit and junction box covers shall be painted grey to signify 
that it is used for temperature controls. All junction box covers shall be painted grey 
and the conduit shall be painted with an grey mark (approximately 6 inches long) 
every 36” to 48”, and on both sides of all penetrations. 

3.4 GRAPHIC DISPLAY GENERATION 

A. Provide the following graphic displays as a minimum at the operator interface, 
arranged in logical penetration paths: 

1. Overall campus layout which shows all of the buildings on the Owner's campus. 
2. Individual building layout or isometric for each building connected to the system. 
3. Floor plans for each floor within each building, with display of present values of 

space conditions sensed by connected space sensors, display of the name of the 
air handler associated with each space sensor, display of the room number in 
which the sensor is located and color coding to indicate whether the sensed 
space condition is within the acceptable range, is too high, or is too low.  TC 
Contractor shall confirm Owner desired room names prior to graphics 
generation which may differ from the room names indicated on construction 
documents. 

4. Schematic diagram for each HVAC system. Each system schematic display shall 
include at least the following: 

a. Schematic arrangement of ductwork, fans, dampers, coils, valves, piping, 
pumps, equipment etc. 

b. System name. 
c. Area served. 
d. Present value or status of all inputs, along with present setpoint. 
e. Present percent open for each damper, valve, etc. based on commanded 

position. 
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f. Reset schedule parameters for all points, where applicable. 
g. Present occupancy mode. 
h. Present economizer mode, where applicable. 
i. Present outside air temperature. 
j. Associated space conditions and setpoints, where applicable. 
k. Status of application programs (e.g., warm-up, night cycle, duty cycle, 

etc.). 
l. Color coding to indicate normal and abnormal values, alarms, etc. 

5. Manual override capability for each on/off or open/closed controlled digital 
output (for fans, pumps, 2-position dampers and valves, etc.) and each 
modulating analog output (for dampers, valves, VFD speed modulation type 
points, etc) shall be provided.  Graphic display of output point auto or manual 
override status shall be provided. 

6. Sequence of operation in written (text) format for each HVAC system. 
7. Overall BAS system schematic. 
8. System management graphic for each network device and/or DDC controller. 

3.5 OWNER INSTRUCTION AND TRAINING 

A. Provide a minimum of forty (40) hours of combined on-site and classroom instruction 
and training to the Owner on the operation of the control systems for the initial 
installation. 

B. Instruction and training shall be performed by a competent Contractor representative 
familiar with the control systems operation, maintenance and calibration. 

C. Training shall take place after check, test, start-up of temperature controls system at 
a time mutually agreed upon by the Owner and Contractor. 

D. Provide computer training & tutorial material on USB Flash Drives 5 total describing 
operator’s BAS graphical interface capabilities and functions. 

E. Provide 5 sets of literature pertaining to the operation and maintenance of the DDC 
system components provided. 

3.6 CALIBRATION AND START-UP 

A. After installation and connection of control components, test, adjust and re-adjust as 
required all control components in terms of function, design, systems balance and 
performance. Make systems ready for environmental equipment acceptance tests. 

B. After environmental equipment has been accepted and after the systems have 
operated in normal service for two weeks, check the adjustment on control 
components and recalibrate where required. Components not in calibration shall be 
recalibrated to function as required, or shall be replaced. Control devices, linkages, and 
other control components shall be calibrated and adjusted for stable and accurate 
operation in accordance with the design intent and to obtain optimum performance 
from the equipment controlled. Cause every device to automatically operate as 
intended to ensure its proper functionality. 
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3.7 ACCEPTANCE PROCEDURE 

A. Upon successful completion of start-up and recalibration as indicated in this section, 
the Architect shall be requested in writing to inspect the satisfactory operation of the 
control systems. 

B. Demonstrate operation of all control systems, including each individual component, to 
the Owner and Architect. 

C. After correcting all items appearing on the punch list, make a second written request 
to the Owner and Architect for inspection and approval. 

D. After all items on the punch list are corrected and formal approval of the control 
systems is provided by the Architect, the Contractor shall indicate to the Owner in 
writing the commencement of the warranty period. 

END OF SECTION 230933 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 

1.2 SUMMARY 

A. This Section includes facility fuel gas piping. 

B. Service meter assemblies will be furnished and installed by utility company. 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
FUEL GAS PIPING  231123 - 2 

1.3 DEFINITIONS 

A. Gas Main:  Utility's natural gas piping. 

B. Gas Distribution: Piping from gas main to individual service-meter assemblies. 

C. Service-Meter Assembly: Piping, valves, service regulator, service meter, and 
specialties. 

D. Point of Delivery: Piping outlet from service-meter assembly. 

E. Fuel Gas Piping: Piping that conveys fuel gas from point of delivery to fuel gas 
utilization devices. 

1.4 PERFORMANCE REQUIREMENTS 

A. Minimum Operating-Pressure Ratings: 

1. Piping and Valves: Performance requirements are scheduled on the Drawings. 
2. Exception:  Fuel Gas Piping Installed within Ceilings Used as Plenums:  150 psig . 

1.5 SYSTEMS DESCRIPTIONS 

A. Fuel gas piping system materials are scheduled on the Drawing. 

1.6 ACTION SUBMITTALS 

A. Product Data: For the following: 

1. Specialty valves. Include pressure rating, capacity, settings, and electrical 
connection data of selected models. 

2. Pressure regulators. Include pressure rating, capacity, and settings of selected 
models. 

1.7 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: For fuel gas piping. Include plans and attachments to other work. 

1. Wiring Diagrams: Power, signal, and control wiring. 

B. Coordination Drawings: Plans and details, drawn to scale, on which natural-gas piping 
is shown and coordinated with other installations, using input from installers of the 
items involved. 

1.8 CLOSEOUT SUBMITTALS 

A. Field quality-control test reports. 

B. Operation and Maintenance Data: For natural gas specialties and accessories to 
include in operation and maintenance manuals. 
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1. Lubricated Plug Valves: Installation, operation, lubrication, and leak testing 
procedures. 

1.9 QUALITY ASSURANCE 

A. Electrical Components and Devices: Listed and labeled as defined in NFPA 70, 
Article 100, by an NRTL acceptable to authorities having jurisdiction, and marked for 
intended use. 

B. NFPA Standard: Comply with NFPA 54, "National Fuel Gas Code." 

1.10 DELIVERY, STORAGE, AND HANDLING 

A. Handling Flammable Liquids: Remove and legally dispose of liquids from drips in 
existing gas piping. Handle cautiously to avoid spillage and ignition. Notify fuel gas 
supplier. Handle flammable liquids used by Installer with proper precautions and do 
not leave on premises from end of one day to beginning of next day. 

B. Deliver pipes and tubes with factory-applied end caps. Maintain end caps through 
shipping, storage, and handling to prevent pipe end damage and to prevent entrance 
of dirt, debris, and moisture. 

C. Store and handle pipes and tubes having factory-applied protective coatings to avoid 
damaging coating, and protect from direct sunlight. 

D. Protect stored PE pipes and valves from direct sunlight. 

1.11 PROJECT CONDITIONS 

A. Perform site survey, research public utility records, and verify existing utility locations.  
Contact utility-locating service for area where Project is located. 

B. Gas System Pressure: Not more than 5.0 psig. 

C. Design values of fuel gas supplied for these systems are as follows: 

1. Nominal Heating Value: 1000 Btu/cu. ft. 
2. Nominal Specific Gravity: 0.6. 

1.12 COORDINATION 

A. Existing Utilities: Do not interrupt utilities serving facilities occupied by Owner or 
others unless permitted under the following conditions and then only after arranging 
to provide temporary utility services according to requirements indicated: 

1. Notify Architect not less than two days in advance of proposed utility 
interruptions. 

2. Do not proceed with utility interruptions without Architect's written permission. 

B. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. 
Concrete, reinforcement, and formwork requirements are specified in Division 03. 
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C. Coordinate requirements for access panels and doors for valves installed concealed 
behind finished surfaces. Comply with requirements in Division 08 Section "Access 
Doors and Frames." 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 BLACK STEEL PIPE AND FITTINGS 

A. Black Steel Pipe: ASTM A 53/A 53M or ASTM A 106; Type E or S; Grade B; Schedule 
40. Wall thickness of wrought-steel pipe shall comply with ASME B36.10M. 

1. Malleable-Iron Threaded Fittings: ASME B16.3, Class 150, standard pattern, with 
threaded ends according to ASME B1.20.1. 

2. Steel Threaded Fittings: ASME B16.11, forged steel with threaded ends according 
to ASME B1.20.1. 

3. Steel Welding Fittings: ASME B16.9, wrought steel or ASME B16.11, forged steel. 
4. Unions: ASME B16.39, Class 150, malleable iron with brass-to-iron seat, ground 

joint, and threaded ends according to ASME B1.20.1. 
5. Cast-Iron Flanges and Flanged Fittings: ASME B16.1, Class 125. 
6. Joint Compound and Tape: Suitable for natural gas. 
7. Steel Flanges and Flanged Fittings: ASME B16.5. 
8. Gasket Material: Thickness, material, and type suitable for natural gas. 

2.3 PIPING SPECIALTIES 

A. Flexible Connectors: ANSI Z21.24, copper alloy. 

B. Quick-Disconnect Devices: ANSI Z21.41, convenience outlets and matching plug 
connector. 

C. Y-Pattern Strainers: 

1. Body: ASTM A 126, Class B, cast iron with bolted cover and bottom drain 
connection. 

2. End Connections:  Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-
1/2 and larger. 

3. Strainer Screen: 60-mesh startup strainer, and perforated stainless-steel basket 
with 50 percent free area. 

4. CWP Rating: 125 psig. 

D. Weatherproof Vent Cap: Cast- or malleable-iron increaser fitting with corrosion-
resistant wire screen, with free area at least equal to cross-sectional area of connecting 
pipe and threaded-end connection. 
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2.4 JOINING MATERIALS 

A. Refer to Division 20 Section “Basic Mechanical Materials and Methods.” 

2.5 SPECIALTY VALVES 

A. Valves, NPS 3 and Smaller: Threaded ends according to ASME B1.20.1 for pipe threads. 

B. Valves, NPS 4: Threaded ends according to ASME B1.20.1 for pipe threads; or flanged 
ends according to ASME B16.5 for steel flanges. 

C. Valves, NPS 6 and Larger: Flanged ends according to ASME B16.5 for steel flanges. 

D. Natural Gas Valves, NPS 3 and Smaller: Use the following: 

1. Ball Valves:  Bronze or brass body with AGA or CSA stamp, UL listed or FM 
approved for service, with chrome-plated brass ball and lever handle; 125-psig 
minimum pressure rating. 

a. Manufacturers: 

1) Apollo Valve; Conbraco Industries, Inc. 
2) Jomar International Ltd. 
3) Legend Valve and Fitting, Inc. 
4) Milwaukee Valve Company. 
5) NIBCO INC. 
6) Watts Water Technologies, Inc.; Watts Regulator Co. 

b. Tamperproof Feature: Include design for locking. 

E. Natural Gas Valves, NPS 4: Use any of the following: 

1. Cast-Iron, Eccentric Plug Valves: 

a. Manufacturers: 

1) Homestead Valve; a division of Olson Technologies, Inc.; Keycentric 
Series 300. 

2) Milliken Valve Company; Mueller Water Products; Model 625. 

b. Approvals:  UL approved. 
c. Body:  Cast iron, complying with ASTM A 126, Class B. 
d. Plug:  Bronze or nickel-plated cast iron. 
e. Stem Seal:  Compatible with natural gas. 
f. Resilient Plug Seal:  Compatible with natural gas. 
g. Operator:  Square head or lug type with tamperproof feature where 

indicated. 
h. Wrench: For plug valves with square heads. Furnish Owner with 1 wrench 

for every 10 plug valves, for each size square plug head. 
i. Pressure Class:  125 psig. 

2. Cast-Iron, Lubricated Plug Valves:  MSS SP-78. 

a. Manufacturers: 

1) Flowserve Nordstrom. 
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2) Homestead Valve; a division of Olson Technologies, Inc. 
3) R&M Energy Systems, a Unit of Robbins & Myers, Inc.; Resun. 

b. Body:  Cast iron, complying with ASTM A 126, Class B. 
c. Plug:  Bronze or nickel-plated cast iron. 
d. Seat:  Coated with thermoplastic. 
e. Stem Seal:  Compatible with natural gas. 
f. Operator:  Square head or lug type with tamperproof feature where 

indicated. 
g. Wrench: For plug valves with square heads. Furnish Owner with 1 wrench 

for every 10 plug valves, for each size square plug head. 
h. Pressure Class:  125 psig. 

F. Natural Gas Valves, NPS 6 and Larger: Use any of the following: 

1. Cast-Iron, Lubricated Plug Valves:  MSS SP-78. 

a. Manufacturers: 

1) Flowserve Nordstrom. 
2) Homestead Valve; a division of Olson Technologies, Inc. 
3) R&M Energy Systems, a Unit of Robbins & Myers, Inc.; Resun. 

b. Body:  Cast iron, complying with ASTM A 126, Class B. 
c. Plug:  Bronze or nickel-plated cast iron. 
d. Seat:  Coated with thermoplastic. 
e. Stem Seal:  Compatible with natural gas. 
f. Operator:  Square head or lug type with tamperproof feature where 

indicated. 
g. Wrench: For plug valves with square heads. Furnish Owner with 1 wrench 

for every 10 plug valves, for each size square plug head. 
h. Pressure Class:  125 psig. 

2. Class 150, Full-Port, Carbon-Steel Ball Valves: 

a. Manufacturers: Subject to compliance with requirements, provide 
products by one of the following: 

1) Apollo Valve; Conbraco Industries, Inc.; 88A-200-UL Series. 
2) Metso Automation; Jamesbury Valves. 

b. UL listed. 
c. Split-body construction. 
d. Chrome-plated carbon steel ball. 
e. Reinforced PTFE seats. 
f. Lever actuation. 

PART 3 - EXECUTION 

3.1 EXCAVATION 

A. Refer to Division 31 Section “Earthwork” for excavating, trenching, and backfilling. 
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3.2 EXAMINATION 

A. Examine roughing-in for fuel gas piping system to verify actual locations of piping 
connections before equipment installation. 

1. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

3.3 PREPARATION 

A. Close equipment shutoff valves before turning off natural gas to premises or piping 
section. 

B. Inspect natural-gas piping according to NFPA 54 and the International Fuel Gas Code 
to determine that natural-gas utilization devices are turned off in piping section 
affected. 

C. Comply with NFPA 54 and the International Fuel Gas Code requirements for 
prevention of accidental ignition. 

3.4 SERVICE-METER ASSEMBLY INSTALLATION 

A. Service meter assembly will be installed by the fuel gas utility company. 

B. Install gas valve or plug valve and strainer upstream from each service pressure 
regulator. 

C. Install service pressure regulators with vent outlet turned down and with corrosion-
resistant-metal insect screen. 

D. Install pressure gage upstream and downstream from each service pressure regulator. 
Pressure gages are specified in Division 20 Section "Meters and Gages." 

E. Install service meters downstream from service pressure regulators. 

1. Service meters with connections larger than NPS 1 supported from piping or set 
on concrete bases. 

3.5 SERVICE ENTRANCE PIPING 

A. Extend fuel gas piping and connect to fuel gas distribution for service entrance to 
building. 

1. Exterior fuel gas distribution system piping, service pressure regulator, and 
service meter will be provided by gas utility. 

2. Refer to Article entitled “Codes, Permits and Fees” in Division 20 Section 
“Mechanical General Requirements” for additional requirements. 

B. Install dielectric fitting downstream from and adjacent to each service meter unless 
meter is supported from service-meter bar with integral dielectric fitting. Install shutoff 
valve downstream from and adjacent to dielectric fitting. Dielectric fittings are 
specified in Division 20 Section "Basic Mechanical Materials and Methods." 
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3.6 PIPING SYSTEM INSTALLATION 

A. Comply with NFPA 54 and the International Fuel Gas Code for installation and purging 
of natural-gas piping. 

B. Drawing plans, schematics, and diagrams indicate general location and arrangement 
of piping systems.  Indicated locations and arrangements are used to size pipe and 
calculate friction loss, expansion, and other design considerations.  Install piping as 
indicated unless deviations to layout are approved on Coordination Drawings. 

C. Basic piping installation requirements are specified in Division 20 Section "Basic 
Mechanical Materials and Methods." 

D. Conceal pipe installations in walls, pipe spaces, utility spaces, above ceilings, below 
grade or floors, and in floor channels, unless indicated to be exposed to view. 

E. Concealed Locations:  

1. Above Inaccessible Ceiling Locations: Gas piping with welded joints may be 
installed in inaccessible spaces, subject to approval of authorities having 
jurisdiction, whether or not such spaces are used as plenums. Do not locate 
valves or unions above inaccessible ceilings. 

2. Above Accessible Ceiling Locations: Gas piping with welded joints may be 
installed in accessible ceiling spaces, subject to approval of authorities having 
jurisdiction, whether or not such spaces are used as plenums. Do not locate 
valves or unions above ceilings used as plenums. 

3. In Floor Channels: Gas piping may be installed in floor channels, subject to 
approval of authorities having jurisdiction. Channels must have cover and be 
open to space above cover for ventilation. 

4. Underground Beneath Building: Gas piping may be installed in protective 
conduit in accordance with Chapter “Gas Piping Installations” in the International 
Fuel Gas Code. 

5. In Partitions: Do not install concealed piping in solid partitions, unless installed 
in a chase or casing. 

a. Exception: Piping passing through partitions or walls. 

6. In Walls: Gas piping with welded joints and protective wrapping specified in 
Part 2 "Protective Coating" Article may be installed in masonry walls, subject to 
approval of authorities having jurisdiction. 

7. Prohibited Locations: Do not install gas piping in or through circulating air ducts, 
clothes or trash chutes, chimneys or gas vents (flues), ventilating ducts, or 
dumbwaiter or elevator shafts. 

F. Drips and Sediment Traps: Install drips at points where condensate may collect. 
Include outlets of service meters. Locate where readily accessible for cleaning and 
emptying. Do not install where condensate would be subject to freezing. 

1. Construct drips and sediment traps using tee fitting with bottom outlet plugged 
or capped. Use minimum-length nipple of 3 pipe diameters, but not less than 3 
inches long, and same size as connected pipe. Install with space between bottom 
of drip and floor for removal of plug or cap. 

G. Install fuel gas piping at uniform grade of 0.1 percent slope upward toward risers. 

H. Use eccentric reducer fittings to make reductions in pipe sizes. Install fittings with level 
side down. 
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I. Connect branch piping from top or side of horizontal piping. 

J. Install strainer on inlet of each automatic and electrically operated valve. 

K. Install pressure gage upstream and downstream from each line pressure regulator. 
Pressure gages are specified in Division 20 Section "Meters and Gages." 

L. Locate valves for easy access. 

M. Install unions in pipes NPS 2 and smaller, adjacent to each valve, at final connection to 
each piece of equipment, and elsewhere as indicated. Unions are not required on 
flanged devices. 

N. Install flanges when connecting to valves, specialties, and equipment having NPS 2-
1/2 and larger connections. 

O. Install gas valve or plug valve and strainer upstream from each line pressure regulator 
or appliance pressure regulator. 

P. Install vent piping for gas pressure regulators and gas trains, extend outside building, 
and vent to atmosphere. Terminate vents with turned-down, reducing-elbow fittings 
with corrosion-resistant insect screens in large end. 

Q. Install containment conduits for gas piping below slabs, within building, in gastight 
conduits extending minimum of 4 inches outside building, and vented to atmosphere. 
Terminate vents with turned-down, reducing-elbow fittings with corrosion-resistant 
insect screens in large end. Prepare and paint outside of conduits with coal-tar, epoxy-
polyamide paint according to SSPC-Paint 16. 

3.7 JOINT CONSTRUCTION 

A. Basic piping joint construction is specified in Division 20 Section "Basic Mechanical 
Materials and Methods." 

B. Use materials suitable for fuel gas. 

C. Patch factory-applied protective coating as recommended by manufacturer at field 
welds and where damage to coating occurs during construction. 

3.8 HANGER AND SUPPORT INSTALLATION 

A. Pipe hanger and support and equipment support materials and installation 
requirements are specified in Division 20 Section "Hangers and Supports." 

B. Install hangers for horizontal steel piping with the following maximum spacing and 
minimum rod sizes: 

1. NPS 1 and Smaller: Maximum span, 96 inches; minimum rod size, 3/8 inch. 
2. NPS 1-1/4: Maximum span, 108 inches; minimum rod size, 3/8 inch. 
3. NPS 1-1/2 and NPS 2: Maximum span, 108 inches; minimum rod size, 3/8 inch. 
4. NPS 2-1/2 to NPS 3-1/2: Maximum span, 10 feet; minimum rod size, 1/2 inch. 
5. NPS 4 and Larger: Maximum span, 10 feet; minimum rod size, 5/8 inch. 

C. Support vertical steel pipe at each floor and at spacing not greater than 15 feet. 
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3.9 CONNECTIONS 

A. Drawings indicate general arrangement of fuel gas piping, fittings, and specialties. 

B. Install piping adjacent to appliances to allow service and maintenance. 

C. Connect piping to appliances using gas with shutoff valves and unions. Install valve 
upstream from and within 72 inches of each appliance. Install union downstream from 
valve. 

D. Sediment Traps: Install tee fitting with capped nipple in bottom to form drip, as close 
as practical to inlet of each appliance using gas. 

E. Equipment Nameplates and Signs: Install engraved plastic-laminate equipment 
nameplate or sign on or near each service meter, pressure regulator, and specialty 
valve. 

1. Text: In addition to name of identified unit, distinguish between multiple units, 
inform operator of operational requirements, indicate safety and emergency 
precautions, and warn of hazards and improper operations. 

2. Nameplates, pipe identification, and signs are specified in Division 20 Section 
"Mechanical Identification." 

3. Trace Wire: Yellow insulated, minimum 18 AWG wire, having copper or other 
approved conductor, with insulation suitable for direct burial, installed adjacent 
to underground nonmetallic piping, with aboveground access to tracer wire at 
each end of pipe. 

3.10 PAINTING 

A. Use materials and procedures in Division 09 painting Sections. 

B. Paint exposed, exterior metal piping, valves, service regulators, service meters and 
meter bars, earthquake valves, and piping specialties, except components, with 
factory-applied paint or protective coating. 

1. Alkyd System: MPI EXT 5.1D. 

a. Prime Coat: Alkyd anticorrosive metal primer. 
b. Intermediate Coat:  Exterior alkyd enamel matching topcoat. 
c. Topcoat: Exterior alkyd enamel. 
d. Color: Safety yellow. 

C. Damage and Touchup: Repair marred and damaged factory-applied finishes with 
materials and by procedures to match original factory finish. 

3.11 CONCRETE BASES 

A. Concrete Bases: Anchor equipment to concrete base. 

1. Construct concrete bases of dimensions indicated, but not less than 4 inches 
larger in both directions than supported unit. 

2. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise 
indicated, install dowel rods on 18-inch centers around the full perimeter of the 
base. 
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3. Install epoxy-coated anchor bolts for supported equipment that extend through 
concrete base, and anchor into structural concrete floor. 

4. Place and secure anchorage devices. Use supported equipment manufacturer's 
setting drawings, templates, diagrams, instructions, and directions furnished 
with items to be embedded. 

5. Install anchor bolts to elevations required for proper attachment to supported 
equipment. 

6. Use 3000-psig, 28-day, compressive-strength concrete and reinforcement as 
specified in Division 03. 

3.12 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Test, inspect, and purge natural gas according to NFPA 54 and the International 
Fuel Gas Code  and authorities having jurisdiction. 

C. Additional Testing:  Subject welded fuel gas piping installed within ceiling spaces used 
as plenums to test pressure of 150 psig for a minimum of 2 hours. 

D. Natural-gas piping will be considered defective if it does not pass tests and 
inspections. 

E. Prepare test and inspection reports. 

END OF SECTION 231123 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 07 Section "Penetration Firestopping" for materials and methods for 
sealing pipe penetrations through fire and smoke barriers. 

2. Division 07 Section "Joint Sealants" for materials and methods for sealing pipe 
penetrations through exterior walls. 

3. Division 20 Section “Mechanical General Requirements.” 
4. Division 20 Section "Basic Mechanical Materials and Methods" for general piping 

materials and installation requirements. 
5. Division 20 Section "Hangers and Supports" for pipe supports, product 

descriptions, and installation requirements. Hanger and support spacing is 
specified in this Section. 

6. Division 20 Section “Pipe Flexible Connectors, Expansion Fittings and Loops.” 
7. Division 20 Section "Meters and Gages" for thermometers, flow meters, flow 

measuring devices, and pressure gages. 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
HYDRONIC PIPING  232113 - 2 

8. Division 20 Section "Mechanical Identification" for labeling and identifying 
hydronic piping. 

9. Division 23 Section "General-Duty Valves for HVAC" for general-duty gate, 
globe, ball, butterfly, and check valves. 

10. Division 23 Section "Hydronic Pumps" for pumps, motors, and accessories for 
hydronic piping. 

11. Division 23 Section "Temperature Controls" for temperature-control valves and 
sensors. 

12. Division 23 Section “Piping Systems Flushing and Chemical Cleaning.” 
13. Division 23 HVAC water treatment sections. 
14. Division 33 Section “Underground Hydronic Distribution Piping” for preinsulated 

piping systems. 

1.2 DEFINITIONS 

A. CPVC: Chlorinated polyvinyl chloride. 

B. HDPE: High density polyethylene. 

C. PP: Polypropylene. 

D. PVC: Polyvinyl chloride. 

E. PTFE: Polytetrafluoroethylene. 

F. RTRF: Reinforced thermosetting resin (fiberglass) fittings. 

G. RTRP: Reinforced thermosetting resin (fiberglass) pipe. 

1.3 PERFORMANCE REQUIREMENTS 

A. Where not indicated on the Drawings, hydronic piping components and installation 
shall be capable of withstanding the following minimum working pressures and 
temperatures: 

1.4 SYSTEMS DESCRIPTIONS 

A. Hydronic piping system materials are scheduled on the Drawings. 

B. Refer to Application Schedule on the Drawings for valve types to be used. Where 
specific valve types are not indicated, the following requirements apply: 

1. Hot-Water-Piping, Balancing Duty: Calibrated balancing valves. 
2. Drain Duty: Hose-end drain valves. 

1.5 ACTION SUBMITTALS 

A. Product Data: For each type of the following: 

1. Valves. Include flow and pressure drop curves based on manufacturer's testing 
for calibrated-orifice balancing valves and automatic flow-control valves. 

2. Air control devices. 
3. Chemical treatment. 
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4. Hydronic specialties. 

1.6 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: Detail, at minimum 1/4scale, the piping layout, fabrication of pipe 
anchors, hangers, supports for multiple pipes, alignment guides, expansion joints and 
loops, and attachments of the same to the building structure. Detail location of 
anchors, alignment guides, and expansion joints and loops. 

B. Qualification Data: For Installer. 

C. Water Analysis: Submit a copy of the water analysis to illustrate water quality available 
at Project site. 

1.7 CLOSEOUT SUBMITTALS 

A. Field quality-control test reports. 

B. Operation and Maintenance Data: For air control devices, hydronic specialties, and 
special-duty valves to include in operation and maintenance manuals. 

1.8 QUALITY ASSURANCE 

A. ASME Compliance: Comply with ASME B31.9, "Building Services Piping" for materials, 
products, and installation.  Safety valves and pressure vessels shall bear the 
appropriate ASME label. Fabricate and stamp air separators and expansion tanks to 
comply with ASME Boiler and Pressure Vessel Code: Section VIII, Division 1. 

1.9 EXTRA MATERIALS 

A. Water-Treatment Chemicals: Furnish enough chemicals for initial system startup and 
for preventive maintenance for one year from date of Substantial Completion. 

B. Differential Pressure Meter: For each type of balancing valve and automatic flow 
control valve, include flowmeter, probes, hoses, flow charts, and carrying case. 

PART 2 - PRODUCTS 

2.1 COPPER TUBE AND FITTINGS 

A. Drawn-Temper Copper Tubing: ASTM B 88, Type L. 

B. Annealed-Temper Copper Tubing: ASTM B 88, Type K. 

C. DWV Copper Tubing: ASTM B 306, Type DWV. 

D. Wrought-Copper Socket Fittings: ASME B16.22. 

E. Wrought-Copper Unions: ASME B16.22. 
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2.2 STEEL PIPE AND FITTINGS 

A. Schedule 40 Steel Pipe: ASTM A 53/A 53M or ASTM A 106, Type E or S, Grade A or B. 
Include ends matching joining method. 

1. Steel Pipe Nipples: ASTM A 733, made of ASTM A 53/A 53M or ASTM A 106, 
Schedule 40, seamless steel pipe. Include ends matching joining method. 

2. Malleable-Iron Unions: ASME B16.39, Class 150, hexagonal-stock body, with ball-
and-socket, metal-to-metal, bronze seating surface and female threaded ends. 

3. Gray-Iron, Threaded Fittings: ASME B16.4, Class 125, standard pattern. 
4. Cast-Iron Flanges: ASME B16.1, Class 125. 
5. Cast-Iron, Flanged Fittings: ASME B16.1, Class 125. 
6. Fittings: ASTM A234 ANSI B16.9, steel butt weld to match pipe wall thickness, 

Class 300. 
7. Flanges: Class 300 forged steel welding neck to match pipe wall thickness and 

valve flanges, ANSI B16.5. Orifice plate flanges shall be raised face welding neck 
type with ring joint gaskets and flange taps. Coordinate orifice plate flanges with 
orifice plate flow elements. 

2.3 JOINING MATERIALS 

A. Refer to Division 20 Section “Basic Mechanical Materials and Methods.” 

2.4 VALVES 

A. General Service Valves: Comply with requirements specified in Division 23 Section 
"General-Duty Valves for HVAC." 

2.5 SPECIALTY VALVES 

A. Balance Valves: 

1. Balance Valves NPS 6 and Larger: Lug type butterfly valves with aluminum 
bronze disc, AISI 300 Series stainless steel stem, resilient replaceable seat for 
service at not less than 250 deg Fand memory stops.  Refer to Division  23 
Section “General-Duty Valves for HVAC” for additional requirements. 

a. Provide lubricated enclosed screw or worm gear operator with handwheel 
for sizes 6 inches and larger. 

b. Pressure rating shall meet or exceed system minimum pressure rating. 

2. Flow Measuring: Use Flow Measuring Devices as specified in Division 20 Section 
“Meters and Gages.” 

3. Balance Valves for Sizes Less than NPS 6 Combination balance valve and flow 
measuring device as specified in this Section. 

B. Combination, Balancing Valves and Flow Measuring Devices NPS 2 and Smaller: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Griswold Controls. 
b. Hydronic Components, Inc. (HCi); a Jomar Group Company. 
c. IMI Flow Design; IMI Hydronic Engineering Inc. 
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d. Jomar Hydronics. 
e. Macon Balancing; Tunstall Corporation. 
f. Nexus Valve. 
g. PRO Hydronic Specialties, LLC. 

2. Manufacturers: Subject to compliance with requirements, use products by one 
of the following: 

a. Tour & Andersson; TA Hydronics Series available through Victaulic 
Company of America. 

b. ASC Engineered Solutions; Gruvlok; Model CBV. 

3. Body: Brass or bronze, ball or plug type with calibrated orifice or venturi. 
4. Ball: Plated brass, or stainless steel. 
5. Plug: Resin. 
6. Seat: PTFE. 
7. End Connections: Threaded or socket. 
8. Pressure Gage Connections: Integral seals for portable differential pressure 

meter. 
9. Handle Style: Lever, with memory stop to retain set position. 
10. WOG Rating: Minimum 400 psig. 
11. Maximum Operating Temperature: 250 deg F. 

C. Combination, Balancing Valves and Flow Measuring Devices NPS 2-1/2 through NSP 4: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Griswold Controls. 
b. Hydronic Components, Inc. (HCi); a Jomar Group Company. 
c. IMI Flow Design; IMI Hydronic Engineering Inc. 
d. Jomar Hydronics. 
e. Macon Balancing; Tunstall Corporation. 
f. Nexus Valve. 
g. PRO Hydronic Specialties, LLC. 

2. Body: Cast-iron or steel body, ball, plug, butterfly, or globe pattern with 
calibrated orifice or venturi. 

3. Stem Seals: EPDM O-rings. 
4. Disc: Glass and carbon-filled PTFE. 
5. Seat: PTFE. 
6. End Connections: Flanged or grooved. 
7. Pressure Gage Connections: Integral seals for portable differential pressure 

meter. 
8. Handle Style: Lever, with memory stop to retain set position. 
9. WOG Rating: Minimum 200 psig. 
10. Maximum Operating Temperature: 225 deg F. 

D. Contractor Option for Combination, Balancing Valves and Flow Measuring Devices 
NPS 2 and Smaller: Preassembled coil hook up kits may be used. 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Griswold Controls. 
b. Hydronic Components, Inc. (HCi); a Jomar Group Company. 
c. IMI Flow Design; IMI Hydronic Engineering Inc. 
d. Jomar Hydronics. 
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e. Macon Balancing; Tunstall Corporation. 
f. Nexus Valve. 
g. PRO Hydronic Specialties, LLC. 

2.6 CONTROL VALVES 

A. Automatic Temperature-Control Valves, Actuators, and Sensors: Comply with 
requirements specified in Division 23 Section "Temperature Controls." 

B. Calibrated orifice balancing valves shall not be required on devices where pressure 
independent characterized control valves (PICCV’s) are installed. 

2.7 AIR CONTROL DEVICES 

A. Manual Air Vents: Use ball-valve-type hose-end drain valves, refer to Division 23 
Section “General-Duty Valves for HVAC.” 

B. Automatic Air Vents: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Amtrol, Inc. 
b. Armstrong Pumps, Inc. 
c. Bell & Gossett; Xylem Inc. 
d. Spirotherm, Inc. 
e. Taco, Inc. 

2. Body: Bronze or cast iron. 
3. Internal Parts: Nonferrous. 
4. Operator: Noncorrosive metal float. 
5. Inlet Connection: NPS 1/2. 
6. Discharge Connection: NPS 1/4. 
7. Maximum Operating Pressure: 150 psig. 
8. Maximum Operating Temperature: 240 deg F. 

C. Expansion Tanks: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Amtrol, Inc. 
b. Armstrong Pumps, Inc. 
c. Bell & Gossett; Xylem Inc. 
d. Taco, Inc. 
e. Wessels Co. 

2. Tank: Welded steel, rated for 125-psig working pressure and 375 deg F maximum 
operating temperature, with taps in bottom of tank for tank fitting and taps in 
end of tank for gage glass. Tanks shall be factory tested with taps fabricated and 
labeled according to ASME Boiler and Pressure Vessel Code: Section VIII, 
Division 1. 

3. Air-Control Tank Fitting: Cast-iron body, copper-plated tube, brass vent tube 
plug, and stainless-steel ball check, 100-gal. unit only; sized for compression-
tank diameter. Provide tank fittings for 125-psig working pressure and 250 deg F 
maximum operating temperature. 
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4. Tank Drain Fitting: Brass body, nonferrous internal parts; 125-psig working 
pressure and 240 deg F maximum operating temperature; constructed to admit 
air to compression tank, drain water, and close off system. 

5. Gage Glass: Full height with dual manual shutoff valves, 3/4-inch- diameter gage 
glass, and slotted-metal glass guard. 

D. Diaphragm-Type Expansion Tanks: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Amtrol, Inc. 
b. Armstrong Pumps, Inc. 
c. Bell & Gossett; Xylem Inc. 
d. Taco, Inc. 
e. Wessels Co. 

2. Tank: Welded steel, rated for 125-psig working pressure and 240 deg F 
maximum operating temperature. Factory test with taps fabricated and supports 
installed and labeled according to ASME Boiler and Pressure Vessel Code: 
Section VIII, Division 1. 

3. Diaphragm: Securely sealed into tank to separate air charge from system water 
to maintain required expansion capacity. 

4. Air-Charge Fittings: Schrader valve, stainless steel with EPDM seats. 

E. Combination Air and Dirt Separators: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Spirotherm, Inc.; VDN Series. 

2. Body: Fabricated steel; constructed for 150-psig maximum working pressure and 
250 deg F maximum operating temperature. Separator shall have body 
extended below pipe connections for dirt separation and include removable 
lower head. 

3. Air and Dirt Separation Mechanism: Internal copper core tube with continuous 
wound copper medium permanently attached followed by continuous wound 
copper wire permanently affixed . 

4. Venting Chamber:  With integral full port, float actuated brass venting 
mechanism.  Include valved side tap to flush floating dirt or liquids and for quick 
bleeding of air during system fill. 

5. Inlet and Outlet Connections: Threaded for NPS 2 and smaller; flanged 
connections for NPS 2-1/2 and larger. 

6. Blowdown Connection: Threaded. 
7. Size: Match system flow capacity. 

2.8 STEEL, CHILLED WATER BUFFER TANKS 

A. Manufacturers: 

1. Adamson Global Technology Corporation. 
2. Amtrol, Inc. 
3. Armstrong Pumps, Inc. 
4. Cemline Corporation. 
5. Highland Tank & Mfg. Co. 
6. Taco, Inc. 
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B. Description: Steel, vertical pressure-rated tank with cylindrical sidewalls. 

C. Construction: ASME code, steel, constructed with nontoxic welded joints, for 125-psig 
working pressure, and internal baffle to prevent short circuiting. 

D. Connections and Tappings: Factory-fabricated steel, welded to tank before testing 
and labeling. 

1. NPS 2 and Smaller: ASME B1.20.1, with female thread. 
2. NPS 2-1/2 and Larger: ASME B16.5, flanged. 

E. Include connections and tappings for the following: 

1. Inlet. 
2. Outlet. 
3. Factory mounted air vent. 

F. Tank Supports: Factory-fabricated steel legs or steel skirt, welded to tank before 
testing and labeling. 

G. Exterior Coating: Primer paint and manufacturers standard finish color with factory 
installed 1/2-inch thick elastomeric thermal insulation. 

2.9 HYDRONIC PIPING SPECIALTIES 

A. Diverting Fittings: 125-psig working pressure; 250 deg F maximum operating 
temperature; cast-iron body with threaded ends, or wrought copper with soldered 
ends. Indicate flow direction on fitting. 

B. Flexible connectors and expansion fittings are specified in Division 20 Section "Pipe 
Flexible Connectors, Expansion Fittings and Loops." 

C. Waterless Condensate Trap: 

1. Meet standard building code requirements. 
2. Predesigned to prevent: 

a. Possibility of frozen or broken pipes. 
b. Standing water within trap. 
c. Sludge buildup in trap. 
d. Geyser effect or blowout. 

3. Manufacturers: 

a. Des Champs Technologies; HVAC Air Trap; P-Series, N-Series, and RLC 
Series. 

2.10 HYDRONIC PIPING STRAINERS 

A. Manufacturers: 

1. Apollo Valves; Conbraco Industries, Inc. 
2. Griswold Controls. 
3. Keckley Company. 
4. Metraflex Company. 
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5. Mueller Steam Specialty; a Watts Brand. 
6. NIBCO, Inc. 
7. Sure Flow Equipment Inc. 
8. Titan Flow Control, Inc. 
9. Watts. 
10. Yarway; Emerson Automation Solutions. 

B. Y-Pattern Strainers, Bronze: 

1. CWP:  200 psig minimum, unless otherwise indicated. 
2. SWP:  125 psig minimum, unless otherwise indicated. 
3. Body: Bronze for NPS 2 and smaller. 
4. End Connections: Threaded or soldered. 
5. Strainer Screen: Stainless steel, 40-mesh unless otherwise noted or scheduled. 
6. Drain:  

a. Pipe plug for sizes NPS 2 and smaller. 
b. Factory-installed, hose-end drain valve for sizes NPS 2-1/2 and larger. 

C. Y-Pattern Strainers, Cast and Ductile Iron: 

1. Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 and larger. 
2. Strainer Screen: Stainless steel, 40-mesh unless otherwise noted or scheduled. 
3. CWP:  200 psig minimum, unless otherwise indicated. 
4. SWP:  125 psig minimum, unless otherwise indicated. 
5. Drain:  

a. Pipe plug for sizes NPS 2 and smaller. 
b. Factory-installed, hose-end drain valve for sizes NPS 2-1/2 and larger. 

D. Basket Strainers, Cast Iron: 

1. Body: ASTM A 126, Class B, high-tensile cast iron with bolted cover and bottom 
drain connection. 

2. End Connections: Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-
1/2 and larger. 

3. Strainer Screen: Stainless steel, 40-mesh unless otherwise noted or scheduled. 
4. CWP:  200 psig minimum, unless otherwise indicated. 
5. SWP:  125 psig minimum, unless otherwise indicated. 
6. Drain: Factory-installed, hose-end drain valve. 

2.11 FILTRATION EQUIPMENT 

A. Multimedia Filters: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Diamond Water Systems, Inc. 
b. Everfilt. 
c. LAKOS; a div. of Claude Laval Corporation. 
d. Miami Filter LLC. 
e. Nalco; an Ecolab Company. 
f. PEP Filters, Inc. 
g. Puroflux Corporation. 
h. United Industries, Inc.; Tower-Flo Water Filter Systems. 
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2. Description: Factory-fabricated and -tested, simplex, multimedia filter system of 
filter tank, media, strainer, circulating pump, piping, and controls for removing 
particles from water. 

a. Filter Tank: Corrosion resistant with distribution system and media. 

1) Fabricate and label steel filter tanks to comply with ASME Boiler and 
Pressure Vessel Code: Section VIII, Division 1. 

2) Fabricate and label FRP filter tanks to comply with ASME Boiler and 
Pressure Vessel Code: Section X, if indicated. 

3) Pipe Connections NPS 2 and Smaller: Threaded according to 
ASME B1.20.1. 

4) Steel Tank Pipe Connections NPS 2-1/2 and Larger: Steel, Class 150 
flanges according to ASME B16.5 or grooved according to 
AWWA C606. 

5) FRP Tank Pipe Connections NPS 2-1/2 and Larger: Type A, integral; 
Designation E, 125-psig pressure category flanges of grade same as 
tank material according to ASTM D 5421. 

b. Motorized Valves: Flanged or grooved-end, ductile-iron butterfly type with 
EPDM valve seat and stem seal; with ASTM B 148 aluminum bronze disc. 

c. Strainer: Basket type mounted on pump suction. 
d. Piping: ASTM A 53/A 53M, Type S, F, or E; Grade B, Schedule 40 black 

steel, with flanged, grooved, or threaded joints and malleable, steel 
welding, or ductile-iron fittings. 

e. Piping: ASTM B 88, Type L copper water tube, copper-alloy solder-joint 
fittings, and brazed, flanged, or grooved joints. 

f. Safety Valves: Automatic pressure relief. 
g. Circulating Pump: Overhung impeller, close coupled, single stage, end 

suction, centrifugal. Comply with UL 778 and with HI 1.1-1.2 and HI 1.3. 

1) Casing: Radially split, cast iron. 
2) Pressure Rating: 125 psig minimum. 
3) Impeller: ASTM B 584, cast bronze; statically and dynamically 

balanced, closed, and keyed to shaft. 
4) Shaft and Shaft Sleeve: Steel shaft, with copper-alloy shaft sleeve. 
5) Seal: Mechanical. 
6) Motor: ODP motor supported on the pump-bearing frame. General 

requirements for motors are specified in Division 20 Section 
"Motors." 

h. Controls: Automatic control of circulating pump and tank backwash; 
factory wired for single electrical connection. 

1) Panel: NEMA 250, Type 4 enclosure with time clock and pressure 
gages. 

2) Pump: Automatic and manual switching; manual switch position 
bypasses safeties and controls. 

3) Backwash: Automatic; with time clock and differential pressure 
switch. 

4) Backwash Valve: Tank mounted with valves interlocked to single 
actuator. 

i. Support: Skid mounting. 

3. Capacities and Characteristics: Refer to Schedule on Drawings. 

B. Cartridge-Type Filters: 
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1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Cycron Corporation. 
b. Eden Equipment Company; Excel Filters. 
c. Filter Specialists, Inc. 
d. Harmsco Industrial Filters; HIF Series with 801 Series Cartridges. 
e. Hayward Industrial Products, Inc. 
f. Nalco; an Ecolab Company. 
g. Parker Hannifin Corp.; Process Filtration Div. 
h. PEP Filters, Inc. 
i. Plymouth Products, Inc. 
j. RainSoft Div.; Aquion Partners L. P. 
k. Rosedale Products, Inc. 
l. RPA Process Technologies. 
m. Shelco Filters; division of Tinny Corp. 
n. USFilter Corporation. 

2. Description: Floor-mounting housing with filter cartridges for removing particles 
from water. 

a. Housing: Corrosion resistant; designed to separate inlet from outlet and to 
direct inlet through cartridge-type water filter; with base, feet, or skirt. 

1) Pipe Connections NPS 2 and Smaller: Threaded according to 
ASME B1.20.1. 

2) Steel Housing Pipe Connections NPS 2-1/2 and Larger: Steel, 
Class 150 flanges according to ASME B16.5 or grooved according to 
AWWA C606. 

3) Plastic Housing Pipe Connections NPS 2-1/2 and Larger: 150-psig 
plastic flanges. 

b. Cartridge: Replaceable; of shape to fit housing. 

3. Capacities and Characteristics: Refer to Schedule on Drawings. 

C. Packaged Side Stream Centrifugal Separators: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Alamo Water Treatment; Ecodyne Water Treatment, Inc. 
b. Culligan International. 
c. Griswold Controls. 
d. LAKOS; a div. of Claude Laval Corporation. 
e. PEP Filters, Inc. 
f. Puroflux Corporation. 
g. Rosedale Products, Inc. 
h. USFilter Corporation. 

2. Description: Simplex separator housing with baffles and chambers for removing 
particles from water by centrifugal action and gravity. 

3. Housing: With manufacturer's proprietary system of baffles and chambers. 

a. Construction: Fabricate and label steel separator housing to comply with 
ASME Boiler and Pressure Vessel Code: Section VIII, Division 1. 

b. Inlet: Designed with tangential entry to produce centrifugal flow of 
feedwater. 
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c. Vortex Chamber: Designed for downward vortex flow and gravity 
separation of particles. 

d. Collection Chamber: Designed to hold separated particles. 
e. Outlet: Near top of unit. 
f. Purge: At bottom of collection chamber. 
g. Pipe Connections NPS 2 and Smaller: Threaded according to ASME B1.20.1. 
h. Pipe Connections NPS 2-1/2 and Larger: Steel, Class 150 flanges according 

to ASME B16.5 or grooved according to AWWA C606. Provide stainless-
steel flanges if tank is stainless steel. 

4. Motorized Purge Valve: Gate or plug pattern valve. 

a. Motorized Valves: Butterfly-type, flanged or grooved-end, ductile-iron 
body, with EPDM valve seat and stem seal; with ASTM B 148 aluminum 
bronze disc. 

5. Strainer: Stainless-steel basket type mounted on pump suction. 
6. Piping: ASTM A 53/A 53M, Type S, F, or E; Grade B, Schedule 40 black steel, 

with flanged, grooved, or threaded joints and malleable, steel welding, or ductile-
iron fittings. 

7. Circulating Pump: Overhung impeller, close coupled, single stage, end suction, 
centrifugal. Comply with UL 778 and with HI 1.1-1.2 and HI 1.3. 

a. Casing: Radially split, cast iron. 
b. Pressure Rating: 125 psig minimum. 
c. Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, 

closed, and keyed to shaft. 
d. Shaft and Shaft Sleeve: Steel shaft, with copper-alloy shaft sleeve. 
e. Seal: Mechanical. 
f. Motor: ODP motor supported on the pump-bearing frame. General 

requirements for motors are specified in Division 20 Section "Motors." 

8. Controls: Automatic control of circulating pump and separator purge; factory 
wired for single-point electrical connection. 

a. Panel: NEMA 250, Type 4 enclosure. 
b. Pump: Automatic and manual switching; manual switch position bypasses 

safeties and controls. 
c. Separator Purge: Automatic and manual. 
d. TDS Controller Interlock: Open separator purge valve with bleed-off 

control. 

9. Support: Skid mounting. 
10. Capacities and Characteristics: Refer to Schedule on Drawings. 

PART 3 - EXECUTION 

3.1 PIPING SYSTEMS INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement 
of piping systems. Indicate piping locations and arrangements if such were used to 
size pipe and calculate friction loss, expansion, pump sizing, and other design 
considerations. Install piping as indicated unless deviations to layout are approved on 
Coordination Drawings. 
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B. Install piping in concealed locations, unless otherwise indicated and except in 
equipment rooms and service areas. 

C. Install piping indicated to be exposed and piping in equipment rooms and service 
areas at right angles or parallel to building walls. Diagonal runs are prohibited unless 
specifically indicated otherwise. 

D. Install piping above accessible ceilings to allow sufficient space for ceiling panel 
removal. 

E. Install piping to permit valve servicing. 

F. Install piping at indicated slopes. 

G. Install piping free of sags and bends. 

H. Install fittings for changes in direction and branch connections. 

I. Install piping to allow application of insulation. 

J. Select system components with pressure rating equal to or greater than system 
operating pressure. 

K. Install groups of pipes parallel to each other, spaced to permit applying insulation and 
servicing of valves. 

L. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 
threaded nipple with cap, at low points in piping system mains and elsewhere as 
required for system drainage. 

M. Install piping, other than drain piping, at a uniform grade of 0.2 percent upward in 
direction of flow. 

N. Reduce pipe sizes using eccentric reducer fitting installed with level side up. 

O. Install branch connections to mains using tee fittings in main pipe, with the branch 
connected to the bottom of the main pipe. For up-feed risers, connect the branch to 
the top of the main pipe. 

P. Install valves according to Division 23 Section "General-Duty Valves for HVAC." 

Q. Install shutoff duty valves at each branch connection to supply mains, at supply 
connection to each piece of equipment, unless only one piece of equipment is 
connected in the branch line. Install throttling duty valves at each branch connection 
to return mains, at return connections to each piece of equipment, and elsewhere as 
indicated. 

R. Install calibrated balancing valves in the return water line of each heating or cooling 
element and elsewhere as required to facilitate system balancing. 

S. Install check valves at each pump discharge and elsewhere as required to control flow 
direction. 

T. Install safety valves on hot-water generators and elsewhere as required by the ASME 
Boiler and Pressure Vessel Code. Install safety-valve discharge piping, without valves, 
to floor. Comply with the ASME Boiler and Pressure Vessel Code, Section VIII, 
Division 1, for installation requirements. 
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U. Install pressure-reducing valves on hot-water generators and elsewhere as required to 
regulate system pressure. 

V. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of 
equipment, and elsewhere as indicated. 

W. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and 
elsewhere as indicated. 

X. Install strainers on inlet side of each control valve, pressure-reducing valve, solenoid 
valve, in-line pump, and where indicated. Install NPS 3/4 nipple and ball valve in 
blowdown connection of strainers NPS 2 and larger. Match size of strainer blowoff 
connection for strainers smaller than NPS 2. 

Y. Install expansion loops, expansion joints, anchors, and pipe alignment guides as 
specified in Division 20 Section "Pipe Flexible Connectors, Expansion Fittings and 
Loops." 

Z. Identify piping as specified in Division 20 Section "Mechanical Identification." 

3.2 HANGERS AND SUPPORTS 

A. Hanger, support, and anchor devices are specified in Division 20 Section "Hangers and 
Supports." Comply with the following requirements for maximum spacing of supports. 

B. Install the following pipe attachments: 

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet 
long. 

2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 
feet or longer. 

3. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, 
supported on a trapeze. 

4. Spring hangers to support vertical runs. 
5. Provide copper-clad hangers and supports for hangers and supports in direct 

contact with copper pipe. 

C. Install hangers for steel piping with the following maximum spacing and minimum rod 
sizes: 

1. NPS 3/4: Maximum span, 7 feet; minimum rod size, 1/4 inch. 
2. NPS 1: Maximum span, 7 feet; minimum rod size, 1/4 inch. 
3. NPS 1-1/2: Maximum span, 9 feet; minimum rod size, 3/8 inch. 
4. NPS 2: Maximum span, 10 feet; minimum rod size, 3/8 inch. 
5. NPS 2-1/2: Maximum span, 11 feet; minimum rod size, 3/8 inch. 
6. NPS 3: Maximum span, 12 feet; minimum rod size, 3/8 inch. 
7. NPS 4: Maximum span, 14 feet; minimum rod size, 1/2 inch. 
8. NPS 6: Maximum span, 17 feet; minimum rod size, 1/2 inch. 
9. NPS 8: Maximum span, 19 feet; minimum rod size, 5/8 inch. 
10. NPS 10: Maximum span, 20 feet; minimum rod size, 3/4 inch. 
11. NPS 12: Maximum span, 23 feet; minimum rod size, 7/8 inch. 
12. NPS 14: Maximum span, 25 feet; minimum rod size, 1 inch. 
13. NPS 16: Maximum span, 27 feet; minimum rod size, 1 inch. 
14. NPS 18: Maximum span, 28 feet; minimum rod size, 1-1/4 inches. 
15. NPS 20: Maximum span, 30 feet; minimum rod size, 1-1/4 inches. 
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D. Install hangers for drawn-temper copper piping with the following maximum spacing 
and minimum rod sizes: 

1. NPS 3/4: Maximum span, 5 feet; minimum rod size, 1/4 inch. 
2. NPS 1: Maximum span, 6 feet; minimum rod size, 1/4 inch. 
3. NPS 1-1/2: Maximum span, 8 feet; minimum rod size, 3/8 inch. 
4. NPS 2: Maximum span, 8 feet; minimum rod size, 3/8 inch. 
5. NPS 2-1/2: Maximum span, 9 feet; minimum rod size, 3/8 inch. 
6. NPS 3: Maximum span, 10 feet; minimum rod size, 3/8 inch. 
7. NPS 4 to NPS 5: Maximum span, 10 feet minimum rod size, 1/2-inch. 
8. NPS 6: Maximum span, 10 feet minimum rod size, 5/8-inch. 
9. NPS 8: Maximum span, 10 feet minimum rod size, 3/4-inch. 

E. Support vertical runs at roof, at each floor, and at 10-foot intervals between floors. 

3.3 PIPE JOINT CONSTRUCTION 

A. Refer to Division 20 Section "Basic Mechanical Materials and Methods" for basic piping 
joint construction. 

3.4 HYDRONIC SPECIALTIES INSTALLATION 

A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere 
as required for system air venting. 

B. Install automatic air vents at high points of system piping in mechanical equipment 
rooms only. Manual vents at heat-transfer coils and elsewhere as required for air 
venting. 

C. Glycol Systems: 

1. Install automatic air vents on expansion tanks and install high capacity automatic 
air vents on air separators.  Route vent piping to spill over glycol fill station. 

2. Install manual air vents at high points in piping, at heat-transfer coils, and 
elsewhere as required for system air venting. 

D. Install piping from boiler air outlet, air separator, or air purger to expansion tank with 
a 2 percent upward slope toward tank. 

E. Install in-line air separators in pump suction. Install drain valve on air separators NPS 2 
and larger. 

F. Install combination air/dirt separator in pump suction. Install blowdown piping with 
ball valve; extend full size to nearest floor drain. 

G. Install bypass chemical feeders in each hydronic system where indicated, in upright 
position with top of funnel not more than 48 inches above the floor. Install feeder in 
minimum NPS 3/4 bypass line, from main with full-size, full-port, ball valve in the main 
between bypass connections. Install NPS 3/4 pipe from chemical feeder drain, to 
nearest equipment drain and include a full-size, full-port, ball valve. 

H. Install expansion tanks as indicated in piping diagrams. Install tank fitting in tank 
bottom and charge tank. Use manual vent for initial fill to establish proper water level 
in tank. 
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1. Install tank fittings that are shipped loose. 
2. Support tank from floor or structure above with sufficient strength to carry 

weight of tank, piping connections, fittings, plus tank full of water. Do not 
overload building components and structural members. 

3. Vent and purge air from hydronic system, and ensure tank is properly charged 
with air to suit system Project requirements. 

3.5 TERMINAL EQUIPMENT CONNECTIONS 

A. Sizes for supply and return piping connections shall be the same as or larger than 
equipment connections. 

B. Install control valves in accessible locations close to connected equipment. 

C. Install ports for pressure gages and thermometers at coil inlet and outlet connections 
according to Division 20 Section "Meters and Gages." 

3.6 FIELD QUALITY CONTROL 

A. Prepare hydronic piping according to ASME B31.9 and as follows: 

1. Leave joints, including welds, uninsulated and exposed for examination during 
test. 

2. Provide temporary restraints for expansion joints that cannot sustain reactions 
due to test pressure. If temporary restraints are impractical, isolate expansion 
joints from testing. 

3. Flush hydronic piping systems with clean water; then remove and clean or 
replace strainer screens. 

4. Isolate equipment from piping. If a valve is used to isolate equipment, its closure 
shall be capable of sealing against test pressure without damage to valve. Install 
blinds in flanged joints to isolate equipment. 

5. Install safety valve, set at a pressure no more than one-third higher than test 
pressure, to protect against damage by expanding liquid or other source of 
overpressure during test. 

B. Perform the following tests on hydronic piping: 

1. Use ambient temperature water as a testing medium unless there is risk of 
damage due to freezing. Another liquid that is safe for workers and compatible 
with piping may be used. 

2. While filling system, use vents installed at high points of system to release air. 
Use drains installed at low points for complete draining of test liquid. 

3. Isolate expansion tanks and determine that hydronic system is full of water. 
4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times 

the system's working pressure. Test pressure shall not exceed maximum 
pressure for any vessel, pump, valve, or other component in system under test. 
Verify that stress due to pressure at bottom of vertical runs does not exceed 90 
percent of specified minimum yield strength or 1.7 times "SE" value in 
Appendix A in ASME B31.9, "Building Services Piping." 

5. After hydrostatic test pressure has been applied for at least 2 hours, examine 
piping, joints, and connections for leakage. Eliminate leaks by tightening, 
repairing, or replacing components, and repeat hydrostatic test until there are 
no leaks. 

6. Prepare written report of testing. 
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C. Perform the following before operating the system: 

1. Open manual valves fully. 
2. Inspect pumps for proper rotation. 
3. Remove disposal fine-mesh strainers in pump suction diffusers. 
4. Set makeup pressure-reducing valves for required system pressure. 
5. Inspect air vents at high points of system and determine if all are installed and 

operating freely (automatic type), or bleed air completely (manual type). 
6. Set temperature controls so all coils are calling for full flow. 
7. Inspect and set operating temperatures of hydronic equipment, such as boilers, 

chillers, cooling towers, to specified values. 
8. Verify lubrication of motors and bearings. 

END OF SECTION 232113 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 

1.2 DEFINITIONS 

A. Buna-N: Nitrile rubber. 

B. EPT: Ethylene propylene terpolymer. 

C. PEI: Pump Energy Index as defined by the Department of Energy. 

D. PEICL: Pump Energy Index – Constant Load, as defined by the Department of Energy. 

E. PEIVL: Pump Energy Index – Variable Load, as defined by the Department of Energy. 
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1.3 ACTION SUBMITTALS 

A. Product Data: Include certified performance curves and rated capacities, operating 
characteristics, furnished specialties, final impeller dimensions, and accessories for 
each type of product indicated. Indicate pump's operating point on curves. 

1.4 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: Show pump layout and connections. Include setting drawings with 
templates for installing foundation and anchor bolts and other anchorages. 

1. Wiring Diagrams: Power, signal, and control wiring. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For all pumps and accessories to include in 
Operation and Maintenance manuals. 

1.6 QUALITY ASSURANCE 

A. Source Limitations: Obtain hydronic pumps through one source from a single 
manufacturer. 

B. Department of Energy Requirements: Pumps supplied that are regulated by the 
Department of Energy pump standards shall bear the acceptable PEI index.  

1. Constant load pumps supplied shall bear the acceptable PEICL index. 
2. Variable load pumps supplied with variable speed controls shall bear the 

acceptable PEIvL index.  
3. Submittals for approval shall clearly identify the applicable PEI index and affirm 

that that index meets the DOE pump standards. 

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, Article 100, by an NRTL acceptable to authorities having jurisdiction, and 
marked for intended use. 

D. UL Compliance: Comply with UL 778 for motor-operated water pumps. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Manufacturer's Preparation for Shipping: Clean flanges and exposed machined metal 
surfaces and treat with anticorrosion compound after assembly and testing. Protect 
flanges, pipe openings, and nozzles with wooden flange covers or with screwed-in 
plugs. 

B. Store pumps in dry location. 

C. Retain protective covers for flanges and protective coatings during storage. 

D. Protect bearings and couplings against damage from sand, grit, and other foreign 
matter. 

E. Comply with pump manufacturer's written rigging instructions. 
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1.8 COORDINATION 

A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. 
Concrete, reinforcement, and formwork requirements are specified in Division 03. 

PART 2 - PRODUCTS 

2.1 GENERAL PUMP REQUIREMENTS 

A. Pump Units: Factory assembled and tested. 

B. Motors: Comply with requirements in Division 20 Section “Motors”. 

C. Selection: 

1. Base non-overloading characteristics for pumps upon nameplate horsepower, 
at any point on performance curve. 

2. Shaft first critical speed shall not be less than 25 percent greater than 
operating speed. 

3. Maximum impeller diameter shall not be greater than 90 percent of “cut water” 
diameter for a given casing and no smaller than the smallest published 
diameter for casing. Do not base acceptable maximum diameter calculation on 
percentage of impeller diameter range for a given casing. 

4. Pump speed shall be limited to 1800 RPM except as scheduled. 
5. Select at the point of maximum efficiency for a given impeller-casing 

combination. Deviations shall be within 3 percent of maximum efficiency on the 
increasing capacity side of the maximum efficiency point and 7 percent on the 
decreasing capacity side of the maximum efficiency point. 

6. Select pump at a point no greater than 85 percent of end of curve flow. 
7. Maximum pump suction velocity: 

a. In-line: 12 fps . 
b. End suction: 13 fps . 
c. Double suction: 15 fps . 

2.2 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.3 CLOSE-COUPLED, IN-LINE CENTRIFUGAL PUMPS (SMALL) 

A. Manufacturers: 

1. Armstrong Pumps Inc. 
2. Bell & Gossett; Xylem Inc.; Series PL. 
3. Grundfos Pumps Corporation. 
4. Taco, Inc. 
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B. Description: Factory-assembled and –tested, centrifugal, overhung-impeller, close-
coupled, in-line pump as defined in HI 1.1-1.2 and HI 1.3; and designed for installation 
with pump and  motor shafts mounted horizontally. 

1. Pump Construction: Bronze fitted. 

a. Casing: Radially split, cast iron, with threaded companion-flange 
connections. 

b. Impeller: Glass-reinforced corrosion-resistant material; keyed to shaft. 
c. Shaft: High-strength alloy steel. 
d. Seal: Mechanical, carbon/silicon carbide seal. 
e. Bearings: Permanently oil-lubricated type. 

2. Motor-Single speed, with oil-lubricated bearings, unless otherwise indicated; 
and directly mounted to pump casing. Comply with requirements in Division 20 
Section “Motors.” 

C. Capacities and Characteristics: Refer to Schedule on Drawings. 

2.4 SMALL CLOSE-COUPLED, IN-LINE CENTRIFUGAL PUMPS 

A. Manufacturers: 

1. Armstrong Pumps Inc. 
2. Bell & Gossett; Xylem Inc.; Series e-90. 
3. Grundfos Pumps Corporation. 
4. Taco, Inc. 

B. Description: Factory-assembled and tested, centrifugal, overhung-impeller, close-
coupled, in-line pump as defined in HI 1.1-1.2 and HI 1.3; designed for installation with 
pump and motor shafts mounted horizontally or vertically. Rate pump for 175-psig 
minimum working pressure and a continuous water temperature of 225 deg F. 

C. Pump Construction: 

1. Casing: Radially split, cast iron, with threaded gage tappings at inlet and outlet, 
and companion-flange connections. 

2. Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, keyed 
to shaft, and secured with a locking cap screw. Trim impeller to match 
specified performance. 

3. Pump Shaft: Steel with copper-alloy shaft sleeve, or stainless steel. 
4. Mechanical Seal: Carbon rotating ring against a ceramic seat held by a 

stainless-steel spring, and Buna-N seal for all glycol systems and all water 
systems 225 deg F and below; EPT seals for water systems above 225 deg F. 
Include water slinger on shaft between motor and seal. 

D. Motor:  Single speed, with permanently or grease lubricated ball bearings, unless 
otherwise indicated; and rigidly mounted to pump casing. Comply with requirements 
in Division 20 Section "Motors." 

2.5 CLOSE-COUPLED, IN-LINE CENTRIFUGAL PUMPS 

A. Manufacturers: 

1. Armstrong Pumps Inc.; Series 4360 and 4380. 
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2. Bell & Gossett; Xylem Inc.; Series e-80. 
3. Grundfos Pumps Corporation. 
4. Taco, Inc.; Series 1900 Series. 

B. Description: Factory-assembled and tested, centrifugal, overhung-impeller, close-
coupled, in-line pump as defined in HI 1.1-1.2 and HI 1.3; designed for installation with 
pump and motor shafts mounted horizontally or vertically. Rate pump for 175-psig 
minimum working pressure and a continuous water temperature of 225 deg F. 

C. Pump Construction: 

1. Casing: Radially split, cast iron, with threaded gage tappings at inlet and outlet, 
and companion-flange connections. 

2. Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, keyed 
to shaft, and secured with a locking cap screw. Trim impeller to match 
specified performance. 

3. Pump Shaft: Steel with copper-alloy shaft sleeve, or stainless steel. 
4. Mechanical Seal: Carbon rotating ring against a ceramic seat held by a 

stainless-steel spring, and Buna-N seal for all glycol systems and all water 
systems 225 deg F and below; EPT seals for water systems above 225 deg F. 
Include water slinger on shaft between motor and seal. 

D. Motor: Single speed, with permanently or grease lubricated ball bearings, unless 
otherwise indicated; and rigidly mounted to pump casing. Comply with requirements 
in Division 20 Section "Motors"  

E. Capacities and Characteristics:  Refer to Schedule on Drawings. 

2.6 FLEXIBLY COUPLED, BASE-MOUNTED, END-SUCTION CENTRIFUGAL PUMPS 

A. Manufacturers: 

1. Armstrong Pumps Inc.; Series 4030. 
2. Aurora Pump; Division of Pentair Pump Group; Series 3340. 
3. Bell & Gossett; Xylem Inc.; Series e-1510. 
4. Grundfos Pumps Corporation/PACO. 
5. Taco, Inc.; Series FI. 

B. Description: Factory-assembled and tested, centrifugal, overhung-impeller, 
separately coupled, end-suction pump as defined in HI 1.1-1.2 and HI 1.3; designed for 
base mounting, with pump and motor shafts horizontal. Rate pump for 175-psig 
minimum working pressure and a continuous water temperature of 225 deg F. 

C. Pump Construction: 

1. Casing: Radially split, cast iron, with threaded gage tappings at inlet and outlet, 
drain plug at bottom and air vent at top of volute, and flanged connections. 
Provide integral mount on volute to support the casing, and attached piping to 
allow removal and replacement of impeller without disconnecting piping or 
requiring the realignment of pump and motor shaft true back pullout. Provide 
replaceable bronze wear rings for all pumps with pump shaft L/D ratios greater 
than 6.0. 

2. Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, keyed 
to shaft, and secured with a locking cap screw. Trim impeller to match 
specified performance. 

3. Pump Shaft: Steel, with copper-alloy shaft sleeve or stainless steel. 
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4. Mechanical Seal: Carbon rotating ring against a ceramic seat held by a 
stainless-steel spring, and Buna-N seal for all glycol systems and all water 
systems 225 deg F and below; EPT seals for water systems above 225 deg F. 
Include water slinger on shaft between motor and seal. 

5. Pump Bearings: Permanently or grease-lubricated ball bearings contained in 
cast-iron housing with grease fittings. 

D. Flexible Shaft Coupling: Molded rubber insert and interlocking spider capable of 
absorbing vibration. Couplings shall be center drop-out type to allow disassembly 
and removal without removing pump shaft or motor. Provide EPDM coupling sleeve 
for all motors 40 HP and below and all variable-speed applications. 

E. Coupling Guard: Dual rated; ANSI B15.1, Section 8; OSHA 1910.219 approved; steel; 
removable; attached to mounting frame. 

F. Mounting Frame: Welded-steel frame and cross members, factory fabricated from 
ASTM A 36/A 36M channels and angles. Fabricate to mount pump casing, coupling 
guard, and motor. 

G. Motor: Single speed, with permanently lubricated or grease-lubricated ball bearings, 
unless otherwise indicated; secured to mounting frame, with adjustable alignment. 
Comply with requirements in Division 20 Section "Motors". 

H. Capacities and Characteristics:  Refer to Schedule on Drawings. 

2.7 AUTOMATIC CONDENSATE PUMP UNITS (PLENUM APPLICATIONS) 

A. Manufacturers: 

1. Hartell Pumps Div.; Milton Roy Co.; Model A2-X-1965. 

B. Description: Packaged units with corrosion-resistant pump, dual-voltage thermally 
protected motor, cast aluminum tank with cover, and automatic controls. Include 
auxiliary safety switch and factory- or field-installed check valve. 

2.8 PUMP SPECIALTY FITTINGS 

A. Suction Diffuser: Angle pattern, minimum 175-psig pressure rating, cast-iron body 
and end cap for NPT or flanged connections or ductile iron body and end cap for 
grooved connections, pump-inlet fitting; with bronze startup and bronze or stainless-
steel permanent strainers; bronze or stainless-steel straightening vanes; drain plug; 
and integral locating boss for field-fabricated support. 

1. Manufacturers: 

a. Armstrong Pumps, Inc. 
b. Bell & Gossett; Xylem Inc. 
c. Grundfos Pumps Corporation/PACO. 
d. Mueller Steam Specialty Company. 
e. Taco; Fabricated Products Division. 
f. Anvil International, Inc. (grooved only). 
g. Victaulic Co. of America (grooved only). 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine equipment foundations and anchor-bolt locations for compliance with 
requirements for installation tolerances and other conditions affecting performance 
of work. 

B. Examine roughing-in for piping systems to verify actual locations of piping 
connections before pump installation. 

C. Examine foundations and inertia bases for suitable conditions where pumps are to be 
installed. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PUMP INSTALLATION 

A. Comply with HI 1.4. 

B. Install pumps with access for periodic maintenance including removal of motors, 
impellers, couplings, and accessories. 

C. Independently support pumps and piping so weight of piping is not supported by 
pumps and weight of pumps is not supported by piping. 

D. Support in-line centrifugal pumps greater than 1/2 HP independent of piping. Use 
continuous-thread hanger rods and hangers of sufficient size to support pump 
weight. Do not support pump from motor housing plate. 

E. Refer to Division 20 Section “Mechanical Vibration Controls” for vibration isolation 
devices.  

F. Refer to Division 20 Section “Hangers and Supports” for hanger and support 
materials. 

G. Set base-mounted pumps on concrete bases. Disconnect flexible coupling before 
setting. Do not reconnect flexible couplings until alignment procedure is complete. 

1. Support pump baseplate on rectangular stainless steel blocks and shims, or on 
wedges with small taper, at points near foundation bolts to provide a gap of 
3/4 to 1-1/2 inches between pump base and foundation for grouting. 

2. Adjust metal supports or wedges until pump and driver shafts are level. Check 
coupling faces and suction and discharge flanges of pump to verify that they 
are level and plumb. 

3. Install pumps on inertia bases where required. Refer to Division 20 Section 
“Mechanical Vibration Controls” for vibration isolation devices. 

H. Automatic (Cooling Coil) Condensate Pump Units: Install units for collecting 
condensate and extend to open drain. 
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3.3 ALIGNMENT 

A. Align pump and motor shafts and piping connections after setting on foundation, 
grout has been set and foundation bolts have been tightened, and piping 
connections have been made. 

B. Comply with pump and coupling manufacturers' written instructions. 

C. Adjust pump and motor shafts for angular and offset alignment by methods 
specified in." Laser align to a tolerance of 0.0005 inches  maximum. 

D. After alignment is correct, tighten foundation bolts evenly but not too firmly.  

E. Completely fill baseplate with nonshrink, nonmetallic grout while metal blocks and 
shims or wedges are in place. After grout has cured, fully tighten foundation bolts. 

3.4 CONNECTIONS 

A. Piping installation requirements are specified in other Division 20 and 23 Sections. 
Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to machine to allow service and maintenance. 

C. Install suction and discharge pipe sizes equal to or greater than diameter of pump 
nozzles. 

D. Install check valve and throttling valve on discharge side of pumps.  Triple-duty 
valves are not allowed. 

E. Install Y-type strainer or suction diffuser and shutoff valve on suction side of pumps 
as indicated on drawings. 

F. Install flexible connectors on suction and discharge sides of base-mounted pumps 
between pump casing and valves. 

G. Install pressure gages on pump suction and discharge or at integral pressure-gage 
tappings, or install single gage with multiple-input selector valve. 

H. Install check valve and gate or ball valve on each condensate pump unit discharge. 

I. Install electrical connections for power, controls, and devices. 

J. Ground equipment according to Division 26 Section "Grounding and Bonding." 

K. Connect wiring according to Division 26 Section "Conductors and Cables." 

3.5 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service for 
each pump supplied. Written report of the start-up shall be provided to the Owner 
and Engineer upon completion of services. 

1. Complete installation and startup checks according to manufacturer's written 
instructions. 

2. Check piping connections for tightness. 
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3. Clean strainers on suction piping. 
4. Perform the following startup checks for each pump before starting: 

a. Verify bearing lubrication. 
b. Verify that pump is free to rotate by hand and that pump for handling hot 

liquid is free to rotate with pump hot and cold. If pump is bound or drags, 
do not operate until cause of trouble is determined and corrected. 

c. Verify that pump is rotating in the correct direction. 

5. Prime pump by opening suction valves and closing drains, and prepare pump 
for operation. 

6. Start motor. 
7. Open discharge valve slowly. 

3.6 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain hydronic pumps. 

END OF SECTION 232123 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Basic Mechanical Materials and Methods.” 
3. Division 23 Section “Piping Systems Flushing and Chemical Cleaning.” 

1.2 DEFINITIONS 

A. CPVC: Chlorinated Polyvinyl Chloride. 

B. EEPROM: Electrically erasable, programmable read-only memory. 

C. EPDM: Ethylene-propylene-diene monomer. 

D. Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 
50 V or for remote-control, signaling power-limited circuits. 

E. RO: Reverse osmosis. 
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F. TDS: Total dissolved solids. 

G. TSS: Total suspended solids are solid materials, including organic and inorganic, that 
are suspended in the water. These solids may include silt, plankton, and industrial 
wastes. 

H. PTFE: Polytetrafluoroethylene. 

I. UV: Ultraviolet. 

1.3 PERFORMANCE REQUIREMENTS 

A. Furnish the services of a firm specializing in hydronic piping system water treatment 
work. 

1. This firm shall furnish and administer glycol for systems using glycol/water mix. 

B. Water quality for HVAC systems shall minimize corrosion, scale buildup, and biological 
growth for optimum efficiency of HVAC equipment without creating a hazard to 
operating personnel or the environment. 

C. Base HVAC water treatment on quality of water available at Project site, HVAC system 
equipment material characteristics and functional performance characteristics, 
operating personnel capabilities, and requirements and guidelines of authorities 
having jurisdiction. 

D. Base chemical quantities on estimated system size. 

E. Closed hydronic systems, including chilled water, shall have the following water 
qualities: 

1. pH: Maintain a value within 9.0 to 10.5. 
2. "P" Alkalinity: Maintain a value within 100 to 500 ppm. 
3. Boron: Maintain a value within 100 to 200 ppm. 
4. Chemical Oxygen Demand: Maintain a maximum value of 100 ppm. 
5. Soluble Copper: Maintain a maximum value of 0.20 ppm. 
6. TDS: Maintain a maximum value of 5000 mmhos. 
7. Free Caustic Alkalinity: Maintain a maximum value of 20 ppm. 
8. Scale Control: Provide sufficient scale inhibitors to prevent formation of scale 

and maintain all scale-forming material in solution. 
9. Microbiological Limits: 

a. Total Aerobic Plate Count: Maintain a maximum value of 1000 
organisms/ml. 

b. Total Anaerobic Plate Count: Maintain a maximum value of 100 
organisms/ml. 

c. Ammonia: Maintain a maximum value of 20 ppm. 
d. Nitrate Reducers: Maintain a maximum value of 100 organisms/ml. 
e. Sulfate Reducers: Maintain a maximum value of 0 organisms/ml. 
f. Iron Bacteria: Maintain a maximum value of 0 organisms/ml. 
g. Total Hardness: Maintain a value less than ?.? ppm. 
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1.4 ACTION SUBMITTALS 

A. Product Data: Include rated capacities, operating characteristics, furnished specialties, 
and accessories for the following products: 

1. Bypass feeders. 
2. Chemical test equipment. 
3. Chemical material safety data sheets. 

1.5 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: Pretreatment and chemical treatment equipment showing tanks, 
maintenance space required, and piping connections to HVAC systems. Include plans, 
elevations, sections, details, and attachments to other work. 

1. Wiring Diagrams: Power and control wiring. 

B. Other Informational Submittals: 

1. Water-Treatment Program: Written sequence of operation on an annual basis 
for the application equipment required to achieve water quality defined in the 
"Performance Requirements" Article above. 

2. An analytical review of make-up water characteristics for each treated system 
operating conditions, including such items as Langlier/Ryzner Indexes. Based on 
this review, provide a definitive description of treatment system developed to 
achieve specified objectives and include generic terms to describe product 
formulation content and function. Detailed proprietary formulation data is not 
required. However, manufacturer's standard published literature is not usually 
acceptable. 

3. A step-by-step procedure to be followed by the Contractor during flushing, 
purging, disinfecting, draining, disposal, pretreatment and treatment operations. 
The intent of the step-by-step procedure is two-fold. 

a. To assure that all essential permanent provisions to accomplish the above 
work are included during the course of construction. 

b. To allow the Owner to accomplish the source procedures as subsequent 
maintenance operations. 

C. Provide OSHA equivalent materials form for hazardous substances. 

1.6 CLOSEOUT SUBMITTALS 

A. Field quality-control test reports including final water quality test reports: 

1. Boiler water samples taken at one-week intervals after boiler startup for a period 
of five weeks, and test report advising Owner of changes necessary to adhere to 
Part 1 "Performance Requirements" Article for each required characteristic. 
Boiler water taken at eight -week intervals following the testing noted above to 
show that heating systems are maintaining water quality within performance 
requirements specified in this Section. 

2. Samples taken at eight -week intervals following Substantial Completion, on 
hydronic systems to show that systems are maintaining water quality within 
performance requirements specified in this Section. Submit written reports of 
water analysis advising Owner of changes necessary to adhere to Part 1 
"Performance Requirements" Article. 
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B. Operation and Maintenance Data: For sensors, injection pumps, and controllers to 
include in operation and maintenance manuals. 

1. Submit under provisions of Division 20 Section “Mechanical General 
Requirements” and as supplemented in this Section. 

2. Submit following operation and maintenance data as minimum for purified water 
system. 

a. Furnish complete instruction manuals for installation, operation, 
maintenance, and lubrication requirements for each component of 
mechanical and electrical equipment or system. 

b. Each instruction manual shall include, but not be limited to, the following: 

1) Diagrams and illustrations. 
2) Detailed description of the function of each principal component of 

the system. 
3) Performance and nameplate data. 
4) Installation instructions. 
5) Procedures for starting. 
6) Proper adjustment. 
7) Test procedures and recording of operation data. 
8) Procedures for operating. 
9) Shutdown and restart instructions. 
10) Emergency operating instructions and trouble-shooting guide. 
11) Safety precautions. 
12) Maintenance and overhaul instructions which shall include detailed 

assembly drawings with part numbers, recommended spare parts 
list, instructions for ordering spare parts (including suppliers names), 
and complete preventive maintenance instructions required to 
ensure satisfactory performance and longevity of the equipment. 

13) Lubrication instructions, which shall list points to be greased or oiled, 
shall recommend type, grade, and temperature range of lubricants, 
and shall recommend frequency of lubrication. 

14) List of electrical relay settings and control and alarm contact 
settings. 

15) Electrical interconnection wiring diagram for equipment furnished, 
including all control. 

c. Manual shall be complete in all respects for all equipment, controls, 
accessories, and associated appurtenances. 

d. Each O&M Manual shall be transmitted to the Owner's representative and 
Architect prior to installation of the equipment and all equipment shall be 
serviced by the manufacturer in accordance with the manufacturer's 
recommendations prior to operation. A service record shall be maintained 
on each item of equipment and shall be delivered to the Owner's 
representative and Architect prior to final acceptance of the project. 

1.7 QUALITY ASSURANCE 

A. HVAC Water-Treatment Service Provider Qualifications: An experienced HVAC water-
treatment service provider capable of analyzing water qualities, installing water-
treatment equipment, and applying water treatment as specified in this Section. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, Article 100, by an NRTL acceptable to authorities having jurisdiction, and 
marked for intended use. 
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C. Regulatory Requirements: Conform to applicable codes for addition of non-potable 
chemicals to building mechanical systems, and for delivery to public sewage systems. 

1.8 OWNER’S INSTRUCTIONS 

A. Provide a coordinated water treatment training program oriented to the needs 
common to operating personnel and maintenance personnel and to the needs of 
maintenance personnel only, sufficiently prior to acceptance of the work, upon 
mutually satisfactory arrangement with the Architect. 

B. Provide a total of not less than eight "field" hours encompassing mechanical, electrical, 
chemical, pollution and safety aspects, sufficient for personnel to operate and maintain 
systems and consistently achieve specified objectives, with subsequently scheduled 
guidance by the water treatment laboratory. 

C. Water treatment laboratory chemical engineer, complemented by instrument 
engineer, supplemented by Contractor's staff, shall comprise the training staff. 

D. Training materials shall include "survey," limits control program, shop drawings, 
operating and maintenance manuals, safe handling of chemicals, chemical testing, use 
of log sheets and demonstrations of installed and functioning systems. 

E. On completion of the installation of the entire purified water system, conduct a 
thorough check and test of all components in the system. During this period, instruct 
the Owner's personnel in the theory, operation, and maintenance of the system. When 
this work is finished, start up the system and operate it for as long as necessary to 
complete two consecutive days of operation at the specified performance levels. 
During this period, continue to instruct the Owner's personnel. 

1.9 MAINTENANCE SERVICE 

A. Scope of Maintenance Service: Provide chemicals and service program to maintain 
water conditions required above to inhibit corrosion, scale formation, and biological 
growth for cooling, chilled-water piping heating, hot-water piping and equipment. 
Services and chemicals shall be provided for a period of one year from date of 
Substantial Completion, and shall include the following: 

1. Provide piping/plumbing recommendation to optimize chemical program 
results. 

2. Initial water analysis and HVAC water-treatment recommendations. 
3. Startup assistance for Contractor to flush the systems, clean with detergents, 

and initially fill systems with required chemical treatment prior to operation. 
4. Quarterly field service and consultation. 
5. Customer report charts and log sheets. 
6. Laboratory technical analysis. 
7. Analyses and reports of all chemical items concerning safety and compliance 

with government regulations. 

B. Glycol manufacturer shall provide testing services every six months of samples 
submitted by the Owner.  Fluid shall be tested at no charge for:  glycol percent, pH, 
reserve alkalinity, dissolved metals, magnesium, calcium, chlorides, acidity, and 
inhibitor components.  Testing service shall be for the life of the fluid. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers/Suppliers: Unless otherwise specified, and subject to compliance with 
requirements, provide products by one of the following: 

1. Ashland Specialty Chemical Company; Drew Industrial Div. 
2. Enerco Corporation. 
3. SUEZ Water Technologies & Solutions 
4. DuBois Chemicals.  
5. NALCO Water, an Ecolab Company. 
6. H-O-H Chemicals, Inc. 

2.2 MANUAL CHEMICAL-FEED EQUIPMENT 

A. Bypass Feeders: Steel, with corrosion-resistant exterior coating, minimum 3-1/2-inch 
fill opening in the top, and NPS 3/4 bottom inlet and top side outlet. Quarter turn or 
threaded fill cap with gasket seal and diaphragm to lock the top on the feeder when 
exposed to system pressure in the vessel. 

1. Capacity: 2 gal. 
2. Minimum Working Pressure: 125 psig. 

2.3 GLYCOL FEED SYSTEM 

A. Manufacturers: 

1. Armstrong Pumps Inc.; GLA Series. 
2. Bell & Gossett; Xylem Inc.; GMU. 
3. H.V. Burton Co.; J.L. Wingert Co. 
4. John Wood Company (The); Automatic Glycol Make-Up System JWGP-54-055. 
5. Advantage Controls inc.; AGF Series. 
6. Skidmore Pump. 

B. Description:  Pre-piped and pre-wired system, consisting of a glycol pump, tank, 
adjustable differential pressure switch, pressure gage, and control panel. 

C. Chemical Tank Assembly: 

1. Tank:  Industrial grade polyethylene with removable cover. 
2. Tank Capacity:  50 to 55 gallons. 
3. Support Frame:  Welded steel. 
4. Discharge Piping:  ASTM A53 black or galvanized steel, or Type L copper.  PVC 

or CPVC discharge piping is unacceptable. 
5. Include suction strainer, drain fitting, and interconnecting suction piping to the 

chemical pump. 
6. Containment: Low profile, forkliftable, spill pallet or containment basin with 

volume large enough to hold contents of largest tank. 

a. Construction: High-density polyethylene. 
b. Grates: Removable with non-slip surface. 
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D. Glycol Pump: Positive displacement type with capacity adjustable through 100 percent 
of range by means of an easily accessible control. The pump shall be adjustable while 
running, and the pumped fluid shall not contact any metals of the drive assembly. 
Pump motor maximum 1/2 horsepower, 115 volts/single-phase/60 hertz, with a 
minimum capacity of 1.5 GPH at discharge pressure minimum 20 percent greater than 
the indicated system pressure at point of fill, 

E. Hand/Off/Auto Motor Starters:  Mounted on skid for glycol pump. 

F. Control Panel:  Furnished with the chemical tank assembly. Control panel shall be the 
master control center for all electrical equipment associated with the chemical tank 
assembly and shall include: 

1. Hand/Off/Auto Switch: For the glycol pump. The pump shall run continuously 
while the switch is in the HAND position. 

2. LED Indicator:  For loss of pressure. 
3. Enclosure:  NEMA 250 Type 4X, with all controls, switches, and indicating lights 

mounted on the front. 
4. Power Connection:  Minimum 6-foot power cord and cap. 
5. Low Tank Level Interlock Alarm Circuit: To prevent the glycol pump from running 

dry. Circuit shall include pump lockout, tank level detector, visual alarm, audible 
alarm, and alarm silence button. Interlock circuit shall automatically reset when 
tank is refilled. 

2.4 CHEMICAL TREATMENT TEST EQUIPMENT 

A. Test Kit: Manufacturer-recommended equipment and chemicals in a wall-mounting 
cabinet for testing pH, TDS, inhibitor, chloride, alkalinity, and hardness; sulfite and 
testable polymer tests for high-pressure boilers, and oxidizing biocide test for open 
cooling systems. 

B. Corrosion Test-Coupon Assembly (Corrosion Racks): Constructed of corrosive-
resistant material, complete with piping, valves, and mild steel and copper coupons. 
Locate copper coupon downstream from mild steel coupon in the test-coupon 
assembly. 

1. Two-station rack for closed-loop systems. 
2. Include three feet per second flow control valve. 

2.5 CHEMICALS 

A. Chemicals shall be as recommended by water-treatment system manufacturer that are 
compatible with piping system components and connected equipment, and that can 
attain water quality specified in Part 1 "Performance Requirements" Article. 

B. Inhibited Propylene Glycol: Single nationally marketed brand of propylene glycol, 
inhibited for industrial applications, and readily available in bulk quantities from a firm 
offering free testing and advisory service to bulk users as to inhibitor replenishment 
needs. Premix inhibited glycol solution and deionized water to specified concentration.  
Automotive anti-freeze is unacceptable. 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Dow Chemical; Dowfrost HD. 
b. Houghton Chemical Corporation. 
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c. Interstate Chemical Company; Intercool P300. 
d. NALCO Water, an Ecolab Company. 
e. PVS-Nolwood Chemicals, Inc.; Chill PGHD. 

PART 3 - EXECUTION 

3.1 WATER ANALYSIS 

A. Perform an analysis of supply water to determine quality of water available at Project 
site. 

3.2 INSTALLATION 

A. Install chemical application equipment on concrete bases, level and plumb. Maintain 
manufacturer's recommended clearances. Arrange units so controls and devices that 
require servicing are accessible. Anchor chemical tanks and floor-mounting 
accessories to substrate. 

B. Install water testing equipment on wall near water chemical application equipment. 

C. Install meters and equipment requiring service at a maximum 60 inches above finished 
floor. 

D. Install interconnecting control wiring for chemical treatment controls and sensors. 

E. Mount sensors and injectors in piping circuits. 

F. Install in closed hydronic systems, including hot-water heating chilled water, and 
equipped with the following: 

1. Install cartridge filter in a bypass circuit on main header having pressure 
differential greater than or equal to 20 psig, unless otherwise indicated on 
Drawings. 

2. Install water meter in makeup water supply. 
3. Install test-coupon assembly in bypass circuit around circulating pumps, unless 

otherwise indicated on Drawings. 
4. Install a gate or full-port ball isolation valves on inlet, outlet, and drain below 

feeder inlet. 
5. Install a swing check on inlet after the isolation valve. 

G. Install glycol feed system in accordance with manufacturer’s instructions. 

3.3 CHEMICAL INSTALLATION 

A. Utilize softened or reverse osmosis water for initial system fill 

B. Add specified chemicals to meet performance requirement specified in Part 1 of this 
Section. 

3.4 GLYCOL INSTALLATION 

A. Clean and flush glycol system before adding premixed glycol solution. 
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B. Fill systems indicated to have antifreeze or glycol solutions with the following 
premixed concentrations.  Batch feeding of glycol is prohibited. 

1. Chilled-Water Piping: Minimum 30 percent propylene glycol. 
2. Snow Melting System:  Minimum 50 percent propylene glycol. 

C. Perform tests determining strength of glycol and water solution and submit written 
test results. 

3.5 CONNECTIONS 

A. Piping installation requirements are specified in other Division 20 and 23 Sections. 
Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to equipment to allow service and maintenance. 

C. Make piping connections between HVAC water-treatment equipment and dissimilar-
metal piping with dielectric fittings. Dielectric fittings are specified in Division 20 
Section "Basic Mechanical Materials and Methods." 

D. Install make-up water meters where indicated on the drawings. 

E. Install shutoff valves on HVAC water-treatment equipment inlet and outlet. Metal 
general-duty valves are specified in Division 20 Section "Valves." 

F. Refer to Division 22 Section "Domestic Water Piping Specialties" for backflow 
preventers required in makeup water connections to potable-water systems. 

G. Confirm applicable electrical requirements in Division 26 Sections for connecting 
electrical equipment. 

H. Ground equipment according to Division 26 Section "Grounding and Bonding." 

I. Connect wiring according to Division 26 Section "Conductors and Cables." 

3.6 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service: Engage a factory-authorized service representative to 
inspect, test, and adjust components, assemblies, and equipment installations, 
including connections. Report results in writing. 

B. Perform tests and inspections and prepare test reports. 

1. Manufacturer's Field Service: Engage a factory-authorized service 
representative to inspect components, assemblies, and equipment installations, 
including connections, and to assist in testing. 

C. Tests and Inspections: 

1. Inspect field-assembled components and equipment installation, including 
piping and electrical connections. 

2. Inspect piping and equipment to determine that systems and equipment have 
been cleaned, flushed, and filled with water, and are fully operational before 
introducing chemicals for water-treatment system. 
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3. Place HVAC water-treatment system into operation and calibrate controls 
during the preliminary phase of HVAC systems' startup procedures. 

4. Do not enclose, cover, or put piping into operation until it is tested and 
satisfactory test results are achieved. 

5. Test for leaks and defects. If testing is performed in segments, submit separate 
report for each test, complete with diagram of portion of piping tested. 

6. Leave uncovered and unconcealed new, altered, extended, and replaced water 
piping until it has been tested and approved. Expose work that has been covered 
or concealed before it has been tested and approved. 

7. Cap and subject piping to static water pressure of 50 psig above operating 
pressure, without exceeding pressure rating of piping system materials. Isolate 
test source and allow test pressure to stand for four hours. Leaks and loss in test 
pressure constitute defects. 

8. Repair leaks and defects with new materials and retest piping until no leaks exist. 

D. Equipment will be considered defective if it does not pass tests and inspections. 

E. Remove and replace malfunctioning units and retest as specified above. 

F. Sample boiler water at one-week intervals after boiler startup for a period of five 
weeks, and prepare test report advising Owner of changes necessary to adhere to 
Part 1 "Performance Requirements" Article for each required characteristic. Sample 
boiler water at eight -week intervals following the testing noted above to show that 
automatic chemical-feed systems are maintaining water quality within performance 
requirements specified in this Section. 

G. At eight -week intervals following Substantial Completion, perform separate water 
analyses on hydronic systems to show that automatic chemical-feed systems are 
maintaining water quality within performance requirements specified in this Section. 
Submit written reports of water analysis advising Owner of changes necessary to 
adhere to Part 1 "Performance Requirements" Article. 

H. Comply with ASTM D 3370 and with the following standards: 

1. Silica: ASTM D 859. 
2. Steam System: ASTM D 1066. 
3. Acidity and Alkalinity: ASTM D 1067. 
4. Iron: ASTM D 1068. 
5. Water Hardness: ASTM D 1126. 

3.7 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain HVAC water-treatment systems and 
equipment. 

END OF SECTION 232513 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section "Mechanical General Requirements." 
2. Division 23 Section "Nonmetal Ducts" for fabric ducts, fibrous-glass ducts, 

thermoset FRP ducts, thermoplastic ducts, PVC ducts, and concrete ducts. 
3. Division 23 Section "HVAC Casings" for factory- and field-fabricated casings for 

mechanical equipment. 
4. Division 23 Section "Duct Accessories" for dampers, sound-control devices, 

duct-mounting access doors and panels, turning vanes, and flexible ducts. 
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1.2 SUMMARY 

A. This Section includes metal ducts for supply, return, outside, relief air, and exhaust air-
distribution systems. 

B. Products Installed but Not Furnished Under This Section: 

1. Receive, handle, and install terminal boxes furnished by the Laboratory Airflow 
Controls Contractor. Refer to Division 23 Section “Laboratory Airflow Controls.” 

1.3 DEFINITIONS 

A. Duct Sizes: Inside clear dimensions. For lined ducts, maintain sizes inside lining. 

B. Low Pressure: Up to and including 2 inch WG and velocities less than 1,500 fpm. 

C. Medium Pressure: Greater than 2 inch WG to 6 inch WG and velocities greater than 
1,500 fpm and less than 2,500 fpm. 

D. High Pressure: Greater than 6 inch WG to 12 inch WG and velocities greater than 2,500 
fpm. 

E. FRP: Fiberglass-reinforced plastic. 

F. PVC: Polyvinyl Chloride. 

1.4 SYSTEM DESCRIPTION 

A. Duct system design, as indicated, has been used to select size and type of air-moving 
and -distribution equipment and other air system components. Changes to layout or 
configuration of duct system must be specifically approved in writing by Architect. 
Accompany requests for layout modifications with calculations showing that proposed 
layout will provide original design results without increasing system total pressure. 

1.5 PERFORMANCE REQUIREMENTS 

A. Delegated Duct Design: Duct construction, including sheet metal thicknesses, seam 
and joint construction, reinforcements, and hangers and supports, shall comply with 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and performance 
requirements and design criteria indicated in "Duct Application Schedule" Article. 

1.6 ACTION SUBMITTALS 

A. Shop Drawings: Drawn to scale. Show fabrication and installation details for metal 
ducts. Shop drawings shall be reviewed and approved by the Architect prior to any 
fabrication. 

1. Fabrication, assembly, and installation, including plans, elevations, sections, 
components, and attachments to other work. 

2. Duct layout indicating sizes and pressure classes. 
3. Elevations of top and bottom of ducts. 
4. Dimensions of main duct runs from building grid lines. 
5. Fittings. 
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6. Reinforcement and spacing. 
7. Seam and joint construction. 
8. Penetrations through fire-rated and other partitions. 
9. Equipment installation based on equipment being used on Project. 
10. Duct accessories, including access doors and panels. 
11. Hangers and supports, including methods for duct and building attachment, 

vibration isolation. 

1.7 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plans, drawn to scale, on which the following 
items are shown and coordinated with each other, based on input from installers of 
the items involved: 

1. Ceiling suspension assembly members. 
2. Other systems installed in same space as ducts. 
3. Ceiling- and wall-mounting access doors and panels required to provide access 

to dampers and other operating devices. 
4. Ceiling-mounting items, including lighting fixtures, diffusers, grilles, speakers, 

sprinklers, access panels, and special moldings. 

1.8 CLOSEOUT SUBMITTALS 

A. Field quality-control test reports. 

1.9 QUALITY ASSURANCE 

A. NFPA Compliance: 

1. NFPA 90A, "Installation of Air Conditioning and Ventilating Systems." 
2. NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems." 

B. Comply with NFPA 96, "Ventilation Control and Fire Protection of Commercial 
Cooking Operations," Ch. 3, "Duct System," for range hood ducts, unless otherwise 
indicated. 

C. Duct Liner Maximum Temperature Limits: Based on ASTM C 411 test procedures. 

1.10 COORDINATION 

A. Sheet metal trades shall cooperate fully with the Laboratory Airflow Controls Trades 
and shall attend all field installation training sessions. 

B. Sheet metal trades shall cooperate fully with the Test and Balance Contractor and 
provide all miscellaneous caps and any other materials required for structural integrity 
and leakage testing of the complete duct system in whole or in part. Refer to Division 
23 Section "Testing, Adjusting and Balancing." 

1. Disassemble, reassemble, and seal segments of systems to accommodate 
leakage testing and for compliance with test requirements. 

C. Sheet metal trades shall participate in the above ceiling coordination program. Refer 
to Division 01 requirements. 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
METAL DUCTS  233113 - 4 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 SHEET METAL MATERIALS 

A. Comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for 
acceptable materials, material thicknesses, and duct construction methods, unless 
otherwise indicated. Sheet metal materials shall be free of pitting, seam marks, roller 
marks, stains, discolorations, and other imperfections. 

B. Galvanized Sheet Steel: Lock-forming quality; complying with ASTM A 653/A 653M 
and having G90 coating designation. 

C. Carbon-Steel Sheets: ASTM A 366/A 366M, cold-rolled sheets; commercial quality; 
with oiled, matte finish for exposed ducts. 

D. Stainless Steel: ASTM A 480/A 480M, Type 316, and having a No. 2D finish for 
concealed ducts and No. 4 for exposed ducts. 

E. Aluminum Sheets: ASTM B 209, alloy 3003, temper H14; with mill finish for concealed 
ducts and standard, 1-side bright finish for exposed ducts. 

F. Reinforcement Shapes and Plates: 

1. Galvanized-steel reinforcement where installed on galvanized sheet metal ducts. 
2. Compatible materials for aluminum and stainless-steel ducts. 

G. Tie Rods: 

1. Galvanized Steel Duct: Galvanized steel, 3/8-inch minimum diameter. 
2. Ducts in Humid or Corrosive Atmospheres: Stainless steel, 1/4-inch diameter for 

lengths 36 inches or less; 3/8-inch diameter for lengths longer than 36 inches. 

2.3 DUCT LINER 

A. Flexible Elastomeric Duct Liner: Comply with NFPA 90A or NFPA 90B. 

1. Manufacturers: 

a. Armacell LLC; AP Armaflex. 
b. RBX Corporation; Insul-Sheet 1800. 

2. Materials: Flexible elastomeric, closed-cell, sponge-or expanded-rubber 
material, preformed sheet insulation complying with ASTM C 534, Type II, Grade 
I. 

a. Thickness: 1/2 inch. 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
METAL DUCTS  233113 - 5 

b. Thermal Conductivity (k-Value): 0.24 at 75 deg F mean temperature. 
c. Fire-Hazard Classification: Maximum flame-spread index of 25 and smoke-

developed index of 50 when tested according to ASTM C 411. 
d. Liner Adhesive: As recommended by insulation manufacturer and 

complying with NFPA 90A or NFPA 90B. 

2.4 SEALANTS AND GASKETS 

A. General Sealant and Gasket Requirements: Surface-burning characteristics for sealants 
and gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-
developed index of 50 when tested according to UL 723; certified by an NRTL. 

B. Elastomeric Sealant Tape: 3 inches wide; modified butyl adhesive backed. 

1. Manufacturers: 

a. Hardcast; Foil-Grip 1402 and Foil-Grip 1402-181BFX. 

C. Water-Based Joint and Seam Sealant: 

1. Manufacturers: 

a. Design Polymerics; DP1010 Water Based Duct Sealant. 
b. Hardcast; Flex-Grip 550 and Versa-Grip 181. 
c. Polymer Adhesives; No. 11. 
d. United McGill. 

2. Application Method: Brush on. 
3. Solids Content: Minimum 63 percent. 
4. Shore A Hardness: Minimum 20. 
5. Water resistant. 
6. Mold and mildew resistant. 
7. VOC: Maximum 75 g/L (less water). 
8. Maximum Static-Pressure Class:  0-inch wg, positive and negative. 
9. Service: Indoor or outdoor. 
10. Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), 

stainless steel, or aluminum sheets. 

D. Flanged Joint Sealant:  Comply with ASTM C 920. 

1. General: Single-component, acid-curing, silicone, elastomeric. 
2. Type: S. 
3. Grade: NS. 
4. Class: 25. 
5. Use: O. 

E. Gaskets: Chloroprene elastomer, 40 durometer, 1/8 inch thick, full face, one piece 
vulcanized or dovetailed at joints. 

2.5 HANGERS AND SUPPORTS 

A. Building Attachments: Concrete inserts, or structural-steel fasteners appropriate for 
construction materials to which hangers are being attached. 

B. Hanger Materials: Galvanized sheet steel or threaded steel rod. 
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1. Hanger Rods for Noncorrosive Environments: Cadmium-plated steel rods and 
nuts. 

2. Hanger Rods for Corrosive Environments: Electrogalvanized, all-thread rods or 
galvanized rods with threads painted with zinc-chromate primer after 
installation. 

3. Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Table 4-1, "Rectangular Duct Hangers Minimum 
Size," and Table 4-2, "Minimum Hanger Sizes for Round Duct." 

4. Galvanized-steel straps attached to aluminum ducts shall have contact surfaces 
painted with zinc-chromate primer. 

C. Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; 
compatible with duct materials. Attachments for stainless steel and PVC-coated duct 
shall be stainless steel. 

D. Trapeze and Riser Supports: Steel shapes complying with ASTM A 36/A 36M. 

1. Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates. 
2. Supports for Stainless-Steel Ducts: Stainless-steel support materials. 
3. Supports for Aluminum Ducts: Aluminum support materials unless materials are 

electrolytically separated from ducts. 

E. Load Rated Cable Suspension System for Noncorrosive Environments: Tested to five 
times the Safe Working Loads and verified by the SMACNA Testing and Research 
Institute. 

1. Cable: Aircraft quality 7 x 7 and 7 x 19 wire rope. 

a. Cables for Galvanized-Steel Ducts: Galvanized steel complying with 
ASTM A 603. 

b. Cables for Stainless-Steel Ducts: Stainless steel complying with 
ASTM A 492. 

2. Fastener: One-piece, die-cast zinc housing with Type 302 S26 stainless steel 
hardened and tempered springs, and oil impregnated, sintered, hardened and 
tempered steel locking wedges. 

3. End Fixings: Loop, stud or toggle; or plain end suitable for wire rope beam clamp. 
4. Manufacturers: 

a. B-Line by Eaton; KwikWire. 
b. Ductmate Industries, Inc.; Clutcher and EZ-Lock. 
c. Duro Dyne Corp.; Dyna-Tite System. 
d. Gripple Inc.; Hang-Fast System. 

F. Stainless Steel Load Rated Cable Suspension System for Corrosive Environments:  
Tested to five times the Safe Working Loads and verified by the SMACNA Testing and 
Research Institute. 

1. Cable: Aircraft quality stainless steel 7 x 7 and 7 x 19 wire rope. 

a. Stainless steel complying with ASTM A 492. 

2. Fastener: One-piece, stainless steel housing with Type 302 S26 stainless steel 
hardened and tempered springs, and ceramic locking wedges. 

3. End Fixings: 

a. Loop End: Type 316L/A4 stainless steel. 
b. Stud or Toggle End: Type 304L/A2 stainless steel. 
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c. Plain end suitable for stainless steel wire rope beam clamp. 

4. Manufacturers: 

a. B-Line by Eaton; KwikWire. 
b. Ductmate Industries, Inc.; Clutcher and EZ-Lock. 
c. Duro Dyne Corp.; Dyna-Tite System. 
d. Gripple Inc.; Hang-Fast System. 

G. Welded Supports: Structural steel shapes with zinc rich paint. Equivalent, proprietary 
design, rolled steel structural support systems may be used in lieu of mill rolled 
structural steel. 

2.6 ROOF MOUNTED DUCT SUPPORTS 

A. General: Shop or field-fabricated assemblies made of manufactured corrosion-
resistant components to support roof-mounted duct. 

B. Support: Assembly of bases, and vertical and horizontal members, for roof installation 
without membrane penetration. 

1. Manufacturer: 

a. B-Line by Eaton. 
b. Eco Support Products. 
c. MIFAB, Inc.; C-Port. 
d. MIRO Industries. 
e. Pentair Electrical & Fastening Solutions; CADDY. 
f. Portable Pipe Hangers. 

2. Bases: Two or more plastic, stainless steel, or recycled rubber. 
3. Vertical Members: Two or more protective-coated-steel channels. 
4. Horizontal Member: Protective-coated-steel channel. 

2.7 RECTANGULAR DUCT FABRICATION 

A. Fabricate ducts, elbows, transitions, offsets, branch connections, and other 
construction according to SMACNA's "HVAC Duct Construction Standards--Metal and 
Flexible" unless otherwise indicated. For metal thickness, reinforcing types and 
intervals, tie-rod applications, and joint types and intervals, comply with SMACNA's 
"HVAC Duct Construction Standards--Metal and Flexible", unless otherwise indicated. 

1. Lengths: Fabricate rectangular ducts in lengths appropriate to reinforcement 
and rigidity class required for pressure class. 

2. Deflection: Duct systems shall not exceed deflection limits according to 
SMACNA's "HVAC Duct Construction Standards--Metal and Flexible." 

3. Internal Tie Rods: As allowed by SMACNA's "HVAC Duct Construction 
Standards--Metal and Flexible." 

B. Transverse Joints: Prefabricated slide-on joints and components constructed using 
manufacturer's and SMACNA guidelines for material thickness, reinforcement size and 
spacing, and joint reinforcement. 

1. Manufacturers: 



NEW CONSTRUCTION FOR:  PROJECT NO. 2022022 
DOW GARDENS WELCOME CENTER 
MIDLAND, MICHIGAN   
 

 
METAL DUCTS  233113 - 8 

a. Ductmate Industries, Inc. 
b. Nexus Inc. 

C. Cross Breaking or Cross Beading: Cross break or cross bead duct sides 19 inches and 
larger and 0.0359 inch thick or less, with more than 10 sq. ft. of nonbraced panel area 
unless ducts are lined. 

2.8 APPLICATION OF LINER IN RECTANGULAR DUCTS 

A. Adhere a single layer of indicated thickness of duct liner with at least 90 percent 
adhesive coverage at liner contact surface area. Attaining indicated thickness with 
multiple layers of duct liner is prohibited. 

B. Apply adhesive to transverse edges of liner facing upstream that do not receive metal 
nosing. 

C. Butt transverse joints without gaps and coat joint with adhesive. 

D. Fold and compress liner in corners of rectangular ducts or cut and fit to ensure butted-
edge overlapping. 

E. Do not apply liner in rectangular ducts with longitudinal joints, except at corners of 
ducts, unless duct size and standard liner product dimensions make longitudinal joints 
necessary. 

F. Apply adhesive coating on longitudinal seams in ducts with air velocity of 2500 fpm 
or greater. 

G. Secure liner with mechanical fasteners 4 inches from corners and at intervals not 
exceeding 12 inches transversely; at 3 inches from transverse joints and at intervals not 
exceeding 18 inches longitudinally. 

H. Secure transversely oriented liner edges facing the airstream with metal nosings that 
have either channel or "Z" profiles or are integrally formed from duct wall. Fabricate 
edge facings at the following locations: 

1. Fan discharges. 
2. Intervals of lined duct preceding unlined duct. 
3. Upstream edges of transverse joints in ducts where air velocities are greater than 

2500 fpm or where indicated. 

I. Where double-wall rectangular duct is indicated: 

1. Secure insulation between perforated sheet metal inner duct of same thickness 
as specified for outer shell. Use mechanical fasteners that maintain inner duct at 
uniform distance from outer shell without compressing insulation. 

a. Sheet Metal Inner Duct Perforations: 3/32-inch diameter, with an overall 
open area of 23 percent. 

2. Terminate inner ducts with buildouts attached to fire-damper sleeves, dampers, 
turning vane assemblies, or other devices. Fabricated buildouts (metal hat 
sections) or other buildout means are optional; when used, secure buildouts to 
duct walls with bolts, screws, rivets, or welds. 
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2.9 ROUND AND FLAT-OVAL DUCT AND FITTING FABRICATION 

A. Diameter as applied to flat-oval ducts in this Article is the diameter of a round duct 
with a circumference equal to the perimeter of a given size of flat-oval duct. 

B. Round, Spiral Lock-Seam Ducts: Fabricate supply ducts of galvanized steel according 
to SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" or SMACNA 
“Industrial Duct Construction Standards” as required based on pressure class. 

1. Round fittings shall be factory fabricated welded design. Use of field fabricated 
fittings (welded design) shall only be permitted when factory fabricated fittings 
are unavailable. 

C. Flat-Oval, Spiral Lock-Seam Ducts: Fabricate supply ducts according to SMACNA's 
"HVAC Duct Construction Standards--Metal and Flexible" or SMACNA “Industrial Duct 
Construction Standards” as required based on pressure class. 

1. Flat-oval fittings shall be factory fabricated welded design. Use of field 
fabricated fittings (welded design) shall only be permitted when factory 
fabricated fittings are unavailable. 

D. Duct Joints: 

1. Ducts up to 20 Inches in Diameter: Interior, center-beaded slip coupling, sealed 
before and after fastening, attached with sheet metal screws. 

2. Ducts 21 to 72 Inches in Diameter: Three-piece, gasketed, flanged joint consisting 
of two internal flanges with sealant and one external closure band with gasket. 

3. Ducts Larger Than 72 Inches in Diameter: Companion angle flanged joints per 
SMACNA "HVAC Duct Construction Standards--Metal and Flexible," Figure 3-2. 

4. Bolts and fasteners for galvanized steel duct shall be carbon steel, zinc coated 
per ASTM A153. Bolts and fasteners for stainless steel and polyvinyl chloride 
coated steel duct shall be stainless steel. 

5. Round Ducts: Prefabricated connection system consisting of double-lipped, 
EPDM rubber gasket. Manufacture ducts according to connection system 
manufacturer's tolerances. 

6. Flat-Oval Ducts: Prefabricated connection system consisting of two flanges and 
one synthetic rubber gasket. 

E. Low Pressure Ductwork (plus or minus 2 inches W.G. Static Pressure Class) 

1. Fabricate according to SMACNA's "HVAC Duct Construction Standards--Metal 
and Flexible" unless otherwise indicated. 

F. Medium and High Pressure Ductwork (For Static Pressure Class Greater than plus or 
minus 2 inches W.G.) 

1. Geometry of fittings shall be according to SMACNA's HVAC Duct Construction 
Standards–Metal and Flexible unless otherwise indicated. 

2. Fittings shall be continuously welded, and shall be two gauges heavier than duct 
gauges indicated in SMACNA Standard. Joints shall be minimum 4 inch 
cemented slip joint, brazed or electric welded. Prime coat welded joints. 

3. Provide standard 45 degree lateral wye takeoffs unless otherwise indicated 
where 90 degree conical tee connections may be used. 

G. 90-Degree Tees and Laterals and Conical Tees: Fabricate to comply with SMACNA's 
"HVAC Duct Construction Standards--Metal and Flexible," with metal thicknesses 
specified for longitudinal-seam straight ducts. 
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H. Diverging-Branch Flow Fittings: Fabricate with reduced entrance to branch taps and 
with no excess material projecting from fitting onto branch tap entrance. 

I. Fabricate elbows using die-formed, gored, pleated, or mitered construction. Unless 
elbow construction type is indicated, fabricate elbows as follows: 

1. Mitered-Elbow Radius and Number of Pieces: Welded construction complying 
with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible," 
unless otherwise indicated. 

2. Round Mitered Elbows: Welded construction with the following metal thickness 
for pressure classes from minus 2- to plus 2-inch wg: 

a. Ducts 3 to 36 Inches in Diameter: 0.034 inch. 
b. Ducts 37 to 50 Inches in Diameter: 0.040 inch. 
c. Ducts 52 to 60 Inches in Diameter: 0.052 inch. 
d. Ducts 62 to 84 Inches in Diameter: 0.064 inch. 

3. Round Mitered Elbows: Welded construction with the following metal thickness 
for pressure classes from 2- to 10-inch wg: 

a. Ducts 3 to 26 Inches in Diameter: 0.034 inch. 
b. Ducts 27 to 50 Inches in Diameter: 0.040 inch. 
c. Ducts 52 to 60 Inches in Diameter: 0.052 inch. 
d. Ducts 62 to 84 Inches in Diameter: 0.064 inch. 

4. Flat-Oval Mitered Elbows: Welded construction with same metal thickness as 
longitudinal-seam flat-oval duct. 

5. 90-Degree, 2-Piece, Mitered Elbows: Use only for supply systems or for material-
handling Class A or B exhaust systems and only where space restrictions do not 
permit using radius elbows. Fabricate with single-thickness turning vanes. 

6. Round Elbows 8 Inches and Less in Diameter: Fabricate die-formed elbows for 
45- and 90-degree elbows and pleated elbows for 30, 45, 60, and 90 degrees 
only. Fabricate nonstandard bend-angle configurations or nonstandard diameter 
elbows with gored construction. 

7. Round Elbows 9 through 14 Inches in Diameter: Fabricate gored or pleated 
elbows for 30, 45, 60, and 90 degrees unless space restrictions require mitered 
elbows. Fabricate nonstandard bend-angle configurations or nonstandard 
diameter elbows with gored construction. 

8. Round Elbows Larger Than 14 Inches in Diameter and All Flat-Oval Elbows: 
Fabricate gored elbows unless space restrictions require mitered elbows. 

9. Die-Formed Elbows for Sizes through 8 Inches in Diameter and All Pressures 
0.040 inch thick with 2-piece welded construction. 

10. Round Gored-Elbow Metal Thickness: Same as non-elbow fittings specified 
above. 

11. Flat-Oval Elbow Metal Thickness: Same as longitudinal-seam flat-oval duct 
specified above. 

12. Pleated Elbows for Sizes through 14 Inches in Diameter and Pressures through 
10-Inch wg: 0.022 inch. 

J. PVC-Coated Elbows and Fittings: Fabricate elbows and fittings as follows: 

1. Round Elbows 4 to 8 Inches in Diameter: Two piece, die stamped, with 
longitudinal seams spot welded, bonded, and painted with PVC aerosol spray. 

2. Round Elbows 9 to 26 Inches in Diameter: Standing-seam construction. 
3. Round Elbows 28 to 60 Inches in Diameter: Standard gored construction, riveted 

and bonded. 
4. Other Fittings: Riveted and bonded joints. 
5. Couplings: Slip-joint construction with a minimum 2-inch insertion length. 
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PART 3 - EXECUTION 

3.1 DUCTWORK APPLICATION SCHEDULE 

A. Ductwork materials and performance requirements are scheduled on the Drawing. 

3.2 DUCT INSTALLATION 

A. Install ducts according to SMACNA's "HVAC Duct Construction Standards--Metal and 
Flexible," unless otherwise indicated. 

B. Install round and flat-oval ducts in lengths not less than 12 feet unless interrupted by 
fittings. 

C. Install ducts with fewest possible joints. 

D. Install fabricated fittings for changes in directions, size, and shape and for connections. 

E. Install couplings tight to duct wall surface with a minimum of projections into duct. 
Secure couplings with sheet metal screws. Install screws at intervals of 12 inches, with 
a minimum of 3 screws in each coupling. 

F. Install ducts, unless otherwise indicated, vertically and horizontally and parallel and 
perpendicular to building lines; avoid diagonal runs. 

G. Install ducts close to walls, overhead construction, columns, and other structural and 
permanent enclosure elements of building. 

H. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness. 

I. Conceal ducts from view in finished spaces. Do not encase horizontal runs in solid 
partitions unless specifically indicated. 

J. Coordinate layout with suspended ceiling, fire- and smoke-control dampers, lighting 
layouts, and similar finished work. 

K. Seal all joints and seams. Apply sealant to male end connectors before insertion, and 
afterward to cover entire joint and sheet metal screws. 

L. Electrical Equipment Spaces: Route ducts to avoid passing through transformer vaults 
and electrical equipment spaces and enclosures. 

M. Non-Fire-Rated Partition Penetrations: Where ducts pass through interior partitions 
and exterior walls and are exposed to view, conceal spaces between construction 
openings and ducts or duct insulation with sheet metal flanges of same metal thickness 
as ducts. Overlap openings on 4 sides by at least 1-1/2 inches. 

N. Fire-Rated Partition Penetrations: Where ducts pass through interior partitions and 
exterior walls, install appropriately rated fire dampers, and sleeves. Fire and smoke 
dampers are specified in Division 23 Section "Duct Accessories." 

1. Where ducts not having fire dampers, smoke dampers, or combination fire and 
smoke dampers pass through fire-rated partitions, maintain indicated fire rating. 
Seal penetrations with firestop materials. Refer to Division 07 Specification 
Sections for materials and UL classified firestop systems. 
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O. Protect duct interiors from moisture, construction debris and dust, and other foreign 
materials. 

P. Comply with SMACNA's "IAQ Guidelines for Occupied Buildings Under Construction," 
Appendix G, "Duct Cleanliness for New Construction Guidelines." 

1. Intermediate level. 

3.3 INSTALLATION OF EXPOSED DUCTWORK 

A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged. 

B. Trim duct sealants flush with metal. Create a smooth and uniform exposed bead.  Do 
not use two-part tape sealing system. 

C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter. 
When welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the 
exposed welds, and treat the welds to remove discoloration caused by welding. 

D. Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of 
fittings, hangers and supports, duct accessories, and air outlets. 

E. Repair or replace damaged sections and finished work that does not comply with these 
requirements. 

3.4 UNDERSLAB DUCTS, SPECIAL INSTALLATION REQUIREMENTS 

A. Verify undamaged condition of ducts before enclosure with fill or encasement. 

B. Protect ducts from damage by equipment used in placing fill materials and concrete 
on or around ducts. 

C. Protect duct openings from damage and prevent entrance of foreign materials. 

3.5 EQUIPMENT INSTALLATION 

A. Install venturi terminal units level and plumb. Maintain sufficient clearance for normal 
service and maintenance.  Refer to details for additional requirements. 

3.6 DUCT SEALING 

A. Seal duct seams and joints according to SMACNA's "HVAC Duct Construction 
Standards--Metal and Flexible" for duct pressure class indicated. Ducts must be 
properly cleaned and sealed in strict accordance with sealant manufacturer’s 
instructions. 

1. Seal Class: Refer to Application Schedule on the Drawings. 
2. Seal ducts before external insulation is applied. 
3. After pressure testing, remake leaking joints until leakage is equal to or less than 

maximum allowable. Refer to Application Schedule on the Drawings for 
allowable leakage rates. 
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3.7 HANGER AND SUPPORT INSTALLATION 

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 
Chapter 5, "Hangers and Supports." 

B. Hanger Spacing: Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, 
"Minimum Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers 
and supports within 24 inches of each elbow and within 48 inches of each branch 
intersection. 

C. Support vertical ducts with steel angles or channel secured to the sides of the duct 
with welds, bolts, sheet metal screws, or blind rivets; support at each floor and at a 
maximum intervals of 16 feet. 

D. Install concrete inserts before placing concrete. 

E. Support ductwork from building structure, not from roof deck, floor slab, pipe, other 
ducts, or equipment. 

F. Install upper attachments to structures with an allowable load not exceeding one-
fourth of failure (proof-test) load. 

G. Install roof mounted duct supports in accordance with manufacturer’s instructions. 
Provide additional membrane layer or walkpads under support bases as required. 

H. Use load rated cable suspension system for round duct in exposed locations. 

3.8 CONNECTIONS 

A. Make connections to equipment with flexible connectors according to Division 23 
Section "Duct Accessories." 

B. Comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for 
branch, outlet and inlet, and terminal unit connections. 

3.9 PAINTING 

A. Paint interior of metal ducts that are visible through registers and grilles and that do 
not have duct liner. Apply one coat of flat, black, latex paint over a compatible 
galvanized-steel primer. Paint materials and application requirements are specified in 
Division 09 painting Sections. 

3.10 FIELD QUALITY CONTROL 

A. Duct System Cleanliness Tests: 

1. Visually inspect duct system to ensure that no visible contaminants are present. 

B. Duct system will be considered defective if it does not pass tests and inspections. 

C. Prepare test and inspection reports. 
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3.11 START UP 

A. Air Balance: Comply with requirements in Division 23 Section "Testing, Adjusting, and 
Balancing." 

END OF SECTION 233113 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 23 Section "Duct Accessories" for dampers, duct-mounting access 

doors and panels, turning vanes, and flexible ducts. 

1.2 PERFORMANCE REQUIREMENTS 

A. Delegated Duct Design: Duct construction, including duct closure, reinforcements, and 
hangers and supports, shall comply with SMACNA's "Fibrous Glass Duct Construction 
Standards" and performance requirements and design criteria indicated. 

1. Static-Pressure Classes: 

a. Supply Ducts (except in Mechanical Rooms): 1-inch wg. 
b. Supply Ducts (Upstream from Air Terminal Units): 2-inch wg. 
c. Supply Ducts (Downstream from Air Terminal Units): 1-inch wg. 
d. Supply Ducts (in Mechanical Equipment Rooms): 2-inch wg. 
e. Return Ducts (Negative Pressure): 1-inch wg. 
f. Exhaust Ducts (Negative Pressure): 1-inch wg. 
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1.3 DEFINITIONS 

1. Example: Apparent Thermal Conductivity (k-Value): 0.26. 

1.4 ACTION SUBMITTALS 

A. Product Data: For the following: 

1. Fibrous-glass duct materials. 
2. Thermoset FRP duct materials. 
3. Thermoplastic duct (PVC) materials. 
4. Concrete ducts. 
5. Fabric ducts. 

1.5 INFORMATIONAL SUBMITTALS 

1. Including plans, elevations, sections, components, and attachments Drawn to 1/4 
inch equals 1 foot scale. Show fabrication and installation details for nonmetal 
ducts. 

2. Fabrication, assembly, and installation to other work. 
3. Duct layout indicating sizes and pressure classes. 
4. Elevations of top and bottom of ducts. 
5. Dimensions of main duct runs from building grid lines. 
6. Fittings. 
7. Reinforcements and spacing. 
8. Seam and joint construction. 
9. Penetrations through fire-rated and other partitions. 
10. Equipment installation based on equipment being used on Project. 
11. Duct accessories, including access doors and panels. 
12. Hangers and supports, including methods for duct and building attachment, 

vibration isolation. 

B. Delegated-Design Submittal: 

1. Duct materials and thicknesses. 
2. Joint and seam construction and sealing. 
3. Reinforcement details and spacing. 
4. Design Calculations:  Calculations for selecting hangers and supports. 

C. Coordination Drawings: Reflected ceiling plans, drawn to scale, on which the following 
items are shown and coordinated with each other, based on input from installers of 
the items involved: 

1. Ceiling suspension assembly members. 
2. Other systems installed in same space as ducts. 
3. Ceiling- and wall-mounting access doors and panels required to provide access 

to dampers and other operating devices. 
4. Ceiling-mounting items, including lighting fixtures, diffusers, grilles, speakers, 

sprinklers, access panels, and special moldings. 

D. Welding certificates. 
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1.6 CLOSEOUT SUBMITTALS 

A. Field quality-control reports. 

1.7 QUALITY ASSURANCE 

A. Welding Qualifications: Qualify procedures and personnel according to the following: 

1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports. 
2. AWS D1.2/D1.2M, "Structural Welding Code - Aluminum," for aluminum supports. 

B. NFPA Compliance: 

1. NFPA 90A, "Installation of Air Conditioning and Ventilating Systems." 
2. NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems." 

C. UL Compliance: UL listed and labeled as complying with UL 181. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 HDPE UNDERGROUND DUCTS 

A. Manufacturers: 

1. AQC Industries; Blue Duct. 
2. Simtech Process Systems. 

B. Description: Complete duct system (including: plenums, round duct, run-outs, diffuser 
boots, etc.) must be from one manufacturer and be of the same material, construction 
and connection method throughout. Field made duct components are not acceptable.  

C. Construct duct and fittings in accordance with SMACNA’s Duct Construction 
Standards. 

D. Furnish elbows, duct, diffusers, plenum, clamp and gasket, boots, saddle registers and 
caulk as required by drawings for underground installation.  

E. Material: Ductwork shall be closed cell plastic material that is recyclable, does not emit 
volatile organic compounds, and conforms to ASTM-D2412.  

1. Ductwork shall be resistant to mildew, mold (UL 181B), and radon gas (BSS 7239-
88).   

2. Ductwork shall not rust or crack under external stress or strain.  
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3. Ductwork shall have integral R-10 equivalent thermal insulation value, without 
the use of external insulation, in accordance with NSF's P374 Protocol and 
verified by NSF Thermal Testing Report.  

F. Joints: Joints shall be sealed via gasket or bolts and sealant.  

1. Clamps and gaskets shall be used on ductwork without flanges.  
2. Clamps shall be polyethylene with stainless steel plates and stainless steel 

screws.  
3. Gaskets shall comprise of 1/4-inch thick butyl rubber sealant tape that is water 

and UV resistant and shall not stain. 
4. Gaskets shall comply with ASTM-E84 for flame and smoke spread.  
5. Flanged Joints:  Flanged joints and duct branches shall use manufacturer’s 

standard co-polymer adhesive caulking sealant that is water and UV resistant. 
Flanges shall be connected with stainless steel bolts.  

G. Assembled ductwork shall be able to maintain pressure with no leakage.  

H. Duct system performance shall exceed SMACNA’s Leakage Class 3 requirements at 
the system design static pressure.  

2.3 HANGERS AND SUPPORTS 

A. Building Attachments: Concrete inserts, or structural-steel fasteners appropriate for 
construction materials to which hangers are being attached. 

B. Hanger Materials: Galvanized sheet steel or threaded steel rod. 

1. Hangers Installed in Corrosive Atmospheres: Electrogalvanized, all-thread rods 
or galvanized rods with threads painted with zinc-chromate primer after 
installation. 

2. Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction 
Standards--Metal and Flexible" for steel sheet width and thickness and for steel 
rod diameters. 

3. Galvanized-steel straps attached to aluminum ducts shall have contact surfaces 
painted with zinc-chromate primer. 

C. Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; 
compatible with duct materials. Attachments for stainless steel and PVC-coated duct 
shall be stainless steel. 

D. Trapeze and Riser Supports: Steel shapes complying with ASTM A 36/A 36M. 

1. Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates. 
2. Supports for Stainless-Steel Ducts: Stainless-steel support materials. 
3. Supports for Aluminum Ducts: Aluminum support materials unless materials are 

electrolytically separated from ducts. 

E. Load Rated Cable Suspension System: Tested to five times the Safe Working Loads 
and verified by the SMACNA Testing and Research Institute. 

1. Cable: Aircraft quality zinc coated 7 x 7 and 7 x 19 wire rope. 
2. Fastener: One-piece, die-cast zinc housing with Type 302 S26 stainless steel 

hardened and tempered springs, and oil impregnated, sintered, hardened and 
tempered steel locking wedges. 

3. End Fixings: Loop, stud or toggle; or plain end suitable for wire rope beam clamp. 
4. Manufacturers: 
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a. Ductmate Industries, Inc.; Clutcher and EZ-Lock. 
b. Duro Dyne Corp.; Dyna-Tite System. 
c. Gripple Inc.; Hang-Fast System. 

F. Welded Supports: Structural steel shapes with zinc rich paint. Equivalent, proprietary 
design, rolled steel structural support systems may be used in lieu of mill rolled 
structural steel. 

PART 3 - EXECUTION 

3.1 EXCAVATION 

A. Refer to Division 31 Section "Earthwork" for excavating, trenching, and backfilling. 

3.2 APPLICATION AND INSTALLATION 

A. Install nonmetal duct where indicated and as detailed on Drawings. 

B. Install ducts with fewest possible joints. 

C. Install ducts, unless otherwise indicated, vertically and horizontally and parallel and 
perpendicular to building lines; avoid diagonal runs. 

D. Install ducts close to walls, overhead construction, columns, and other structural and 
permanent enclosure elements of building. 

E. Install ducts with a clearance of 1 inch. 

F. Conceal ducts from view in finished spaces. Do not encase horizontal runs in solid 
partitions unless specifically indicated. 

G. Non-Fire-Rated Partition Penetrations: Where ducts pass through interior partitions 
and exterior walls and are exposed to view, conceal spaces between construction 
openings and ducts with sheet metal flanges. Overlap opening on 4 sides by at least 
1-1/2 inches. 

H. Fire-Rated Partition Penetrations: Where ducts pass through interior partitions and 
exterior walls, install appropriately rated fire dampers and sleeves. Fire and smoke 
dampers are specified in Division 23 Section "Duct Accessories." 

I. Install fibrous-glass ducts and fittings according to  

J. Install thermoplastic ducts (PVC) and fittings according to SMACNA's "Thermoplastic 
Duct (PVC) Construction Manual." 

K. Install thermoset FRP ducts and fittings according to NFPA 91. 

3.3 UNDERSLAB DUCTS, SPECIAL INSTALLATION REQUIREMENTS 

A. Verify undamaged condition of ducts before enclosure with fill or encasement. 

B. Protect ducts from damage by equipment used in placing fill materials and concrete 
on or around ducts. 
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C. Protect duct openings from damage and prevent entrance of foreign materials. 

3.4 HDPE UNDERGROUND DUCTS 

A. Duct system shall be installed by manufacturer trained installers.  

3.5 HANGER AND SUPPORT INSTALLATION 

A. Install hangers and supports for fibrous-glass ducts and fittings to comply with  

B. Install hangers and supports for phenolic-foam ducts and fittings to comply with Knauf 
Insulation's "Knauf KoolDuct System Design Guide," Section 5, "Ductwork System 
General." 

C. Duct Attachments: Support horizontal ducts with trapeze-type hangers. 

D. Attach hangers to joints and reinforcing channels that occur within required hanger 
spacing. Attach hangers to transmit load to sides and bottom channels and no more 
than 6 inches from sides of ducts. 

E. Support equipment and metal duct components and accessories independent of 
ducts. 

F. Support terminal components separately. 

G. Install sheet metal sleeves to support dampers. For motorized dampers, extend 
sleeves to support operators. 

H. Install upper attachments to structures.  Select and size upper attachments with pull-
out, tension, and shear capacities appropriate for supported loads and building 
materials where used. 

3.6 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Inspect fibrous-glass duct systems according to "Inspection Checklist for Fibrous Glass 
Duct System Installation" in NAIMA AH116. Prepare a written report using the format 
of this checklist. 

C. Duct System Cleanliness Tests: 

1. Visually inspect duct system to ensure that no visible contaminants are present. 

D. Duct system will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 
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3.7 START UP 

A. Air Balance:  Comply with requirements in Division 23 Section "Testing, Adjusting, and 
Balancing." 

END OF SECTION 233116 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 23 Section “Testing, Adjusting, and Balancing” for duct test holes. 
3. Division 23 Section “Temperature Controls” for motorized control dampers. 
4. Division 28 Section "Fire Alarm" for duct-mounting fire and smoke detectors. 

1.2 DEFINITIONS 

A. NVLAP: National Voluntary Laboratory Accreditation Program. 

B. Low Pressure: Up to 2 inch WG and velocities less than 1,500 fpm. Construct for 2 inch 
WG positive or negative static pressure. 
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C. Medium Pressure: Greater than 2 inch WG to 6 inch WG and velocities greater than 
1,500 fpm and less than 2,500 fpm. Construct for 6 inch WG positive or negative static 
pressure. 

D. High Pressure: Greater than 6 inch WG to 12 inch WG and velocities greater than 2,500 
fpm. Construct for 12 inch WG positive or negative static pressure. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

1. For turning vanes, include data for pressure loss generated sound power levels. 
2. For duct silencers, include pressure drop and dynamic insertion loss data.  

1.4 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: For duct accessories. Include plans, elevations, sections, details and 
attachments to other work. 

1. Detail duct accessories fabrication and installation in ducts and other 
construction. Include dimensions, weights, loads, and required clearances; and 
method of field assembly into duct systems and other construction. Include the 
following: 

a. Special fittings. 
b. Manual volume damper installations. 
c. Control damper installations. 
d. Fire-damper, smoke-damper, combination fire- and smoke-damper, 

ceiling, and corridor damper installations, including sleeves; and duct-
mounted access doors and remote damper operators. 

e. Duct security bars. 

B. Coordination Drawings: Reflected ceiling plans, drawn to scale and coordinating 
penetrations and ceiling-mounting items. Show ceiling-mounting access panels and 
access doors required for access to duct accessories. 

C. Source quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For air duct accessories to include in operation and 
maintenance manuals. 

1.6 QUALITY ASSURANCE 

A. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," 
and NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems." 

B. Comply with AMCA 500-D testing for damper rating. 
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1.7 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and that are 
packaged with protective covering for storage and identified with labels describing 
contents. 

1. Fusible Links: Furnish quantity equal to 10 percent of amount installed for each 
temperature rating. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

2.2 SHEET METAL MATERIALS 

A. Comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for 
acceptable materials, material thicknesses, and duct construction methods, unless 
otherwise indicated. 

B. Galvanized Sheet Steel: Lock-forming quality; complying with ASTM A 653/A 653M 
and having G90 coating designation. 

C. Stainless Steel: ASTM A 480/A 480M, Types 304 and 316 as indicated. 

D. Extruded Aluminum: ASTM B 221, alloy 6063, temper T6. 

E. Bird Screens: No. 2 mesh, 0.063 inch diameter galvanized wire screen with open area 
of not less than 72 percent. Conceal sharp edges by adding metal edging consisting 
of rod, flat or angle iron, or 16 gage galvanized sheet steel turned over at least 3/4 inch 
on both sides. 

2.3 BACKDRAFT DAMPERS 

A. Manufacturers: 

1. American Warming and Ventilating; Mestek, Inc. 
2. Greenheck Fan Corporation. 
3. Ruskin Company. 

B. Description: Multiple-blade, parallel action counterbalanced, with blades of maximum 
6-inch width, with sealed edges, assembled in rattle-free manner with 90-degree stop, 
steel ball bearings, and axles; adjustment device to permit setting for varying 
differential static pressure. 

C. Performance: Based on tests in accordance with AMCA Standard 500: 

1. Pressure drop not to exceed 0.15 inch wg at face velocity of 2500 fpm. 
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2. Leakage not to exceed 9.2 cfm per square foot at 1 inch wg differential and 
temperature of 70 deg F . 

D. Frame: 0.052-inch- thick, galvanized sheet steel or 0.063-inch- thick extruded 
aluminum, with welded corners and mounting flange. 

E. Blades: 0.025-inch- thick, roll-formed aluminum or 0.050-inch- thick aluminum sheet. 

F. Blade Seals: Manufacturer’s standard seal material. 

G. Blade Axles: Nonferrous or galvanized steel. 

H. Tie Bars and Brackets: Aluminum or galvanized steel. 

2.4 LOW PRESSURE MANUAL VOLUME DAMPERS 

A. Manufacturers: 

1. American Warming and Ventilating; Mestek, Inc. 
2. Arrow United Industries; Mestek, Inc. 
3. Greenheck Fan Corporation. 
4. Krueger-HVAC; Air Distribution Technologies, Inc.; a JCI Company. 
5. Louvers and Dampers, Inc.; Mestek, Inc. 
6. Nailor Industries Inc. 
7. Pottorff. 
8. Ruskin Company. 
9. Vent Products Co., Inc. 
10. Young Regulator Co. 

B. General Description: Factory fabricated, with required hardware and accessories. 
Stiffen damper blades for stability. Include locking device to hold single-blade 
dampers in a fixed position without vibration. Close duct penetrations for damper 
components to seal duct consistent with pressure class. 

1. Except for dampers in round ductwork sized 12 inches and smaller, provide end 
bearings. 

C. Rectangular Volume Dampers: Multiple-opposed-blade design, AMCA certified for 
maximum leakage of 2 percent of total fan volume at shutoff, and suitable for 
horizontal or vertical applications. 

D. Round Volume Dampers 16-inch Diameter and Smaller: Single-blade design, AMCA 
certified for maximum leakage of 2 percent of total fan volume at shutoff, and suitable 
for horizontal or vertical applications. 

E. Round Volume Dampers Larger than 16-inch Diameter: Multiple-opposed-blade design 
AMCA certified for maximum leakage of 2 percent of total fan volume at shutoff, and 
suitable for horizontal or vertical applications. 

F. Damper Materials: 

1. Steel Frames: Hat-shaped, galvanized sheet steel channels, minimum of 0.064 
inch thick, with mitered and welded corners; frames with flanges where indicated 
for attaching to walls and flangeless frames where indicated for installing in 
ducts. 

2. Roll-Formed Steel Blades: 0.064-inch- thick, galvanized sheet steel. 
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3. Blade Axles: Galvanized steel. 
4. Bearings: Oil-impregnated bronze, molded synthetic, or stainless-steel sleeve 

type. 
5. Tie Bars and Brackets: Galvanized steel. 

G. Jackshaft: 1-inch- diameter, galvanized-steel pipe rotating within pipe-bearing 
assembly mounted on supports at each mullion and at each end of multiple-damper 
assemblies. 

1. Length and Number of Mountings: Appropriate to connect linkage of each 
damper in multiple-damper assembly. 

H. Damper Hardware: Zinc-plated, die-cast core with dial and handle made of 3/32-inch- 
thick zinc-plated steel, and a 3/4-inch hexagon locking nut. Include center hole to suit 
damper operating-rod size. Include elevated platform for insulated duct mounting. 

I. Positive-Locking Damper Hardware: 

1. Manufacturers: 

a. Duro Dyne Corporation; Dyna-Click. 
b. Rossi Hardware; Everlock. 
c. Windgate Products Co., Inc.; Sure-Loc & Sure-Loc HD. 

2. Quadrant Material: 18 gage galvanized steel aluminum with 11 to 15 locking 
positions. 

3. Handle material: Die-cast aluminum or flame-retardant high-strength polymer. 
4. Include center hole to suit damper operating-rod size. 
5. Include elevated platform for insulated duct mounting on either round or 

rectangular duct. 

2.5 MEDIUM OR HIGH PRESSURE MANUAL VOLUME DAMPERS 

A. Manufacturers: 

1. American Warming and Ventilating; Mestek, Inc. 
2. Greenheck Fan Corporation. 
3. Louvers and Dampers, Inc.; Mestek, Inc. 
4. Nailor Industries Inc. 
5. Pottorff. 
6. Ruskin Company. 
7. Vent Products Co., Inc. 

B. General Description: Factory fabricated, galvanized steel or extruded aluminum 
construction, with required hardware and accessories. Stiffen damper blades for 
stability. Include locking device to hold single-blade dampers in a fixed position 
without vibration. Close duct penetrations for damper components to seal duct 
consistent with pressure class. 

C. Rectangular Volume Dampers: Multiple-opposed-blade design, AMCA certified for 
maximum leakage of 2 percent of total fan volume at shutoff, and suitable for 
horizontal or vertical applications. Construction and assembly such that no noise 
producing blade vibration occurs at velocities 20 percent greater than maximum 
system design velocity. 

D. Round Volume Dampers 16-inch Diameter and Smaller: Single-blade, or multiple-
opposed-blade design, AMCA certified for maximum leakage of 2 percent of total fan 
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volume at shutoff, and suitable for horizontal or vertical applications. Construction and 
assembly such that no noise producing blade vibration occurs at velocities 20 percent 
greater than maximum system design velocity. 

E. Round Volume Dampers Larger than 16-inch Diameter: Multiple-opposed-blade 
design, AMCA certified for maximum leakage of 2 percent of total fan volume at 
shutoff, and suitable for horizontal or vertical applications. Construction and assembly 
such that no noise producing blade vibration occurs at velocities 20 percent greater 
than maximum system design velocity. 

F. Damper Materials: 

1. Steel Frames: Hat-shaped, galvanized sheet steel channels, minimum of 0.064 
inch thick, with mitered and welded corners; frames with flanges where indicated 
for attaching to walls and flangeless frames where indicated for installing in 
ducts. 

2. Roll-Formed Steel Blades: 0.064-inch- thick, galvanized sheet steel. 
3. Aluminum Frames: Hat-shaped, 0.10-inch- thick, aluminum sheet channels; 

frames with flanges where indicated for attaching to walls; and flangeless frames 
where indicated for installing in ducts. 

4. Extruded-Aluminum Blades: 0.050-inch- thick extruded aluminum. 
5. Blade Axles: Galvanized steel or stainless steel. 
6. Bearings: Oil-impregnated bronze, molded synthetic, or stainless-steel sleeve 

type. 
7. Tie Bars and Brackets: Aluminum or galvanized steel. 

G. Jackshaft: 1-inch- diameter, galvanized-steel pipe rotating within pipe-bearing 
assembly mounted on supports at each mullion and at each end of multiple-damper 
assemblies. 

1. Length and Number of Mountings: Appropriate to connect linkage of each 
damper in multiple-damper assembly. 

H. Damper Hardware: Zinc-plated, die-cast core with dial and handle made of 3/32-inch- 
thick zinc-plated steel, and a ¾-inch hexagon locking nut. Include center hole to suit 
damper operating-rod size. Include elevated platform for insulated duct mounting. 

I. Positive-Locking Damper Hardware: 

1. Manufacturers: 

a. Duro Dyne Corporation; Dyna-Click. 
b. Rossi Hardware; Everlock. 
c. Windgate Products Co., Inc.; Sure-Loc & Sure-Loc HD. 

2. Quadrant Material: 18 gage galvanized steel aluminum with 11 to 15 locking 
positions. 

3. Handle material: Die-cast aluminum or flame-retardant high-strength polymer. 
4. Include center hole to suit damper operating-rod size. 
5. Include elevated platform for insulated duct mounting on either round or 

rectangular duct. 

2.6 MOTORIZED CONTROL DAMPERS 

A. Refer to Division 23 Section “Temperature Controls.” 
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2.7 FIRE DAMPERS (CURTAIN STYLE) 

A. Manufacturers: 

1. Air Balance, Inc.; Mestek, Inc 
2. Greenheck Fan Corporation. 
3. NCA; a brand of Metal Industries Inc. 
4. Nailor Industries Inc. 
5. Pottorff. 
6. Ruskin Company. 

B. Dynamic fire dampers with curtain style blades, and labeled according to UL 555, 
maximum velocity 2000 fpm, maximum static pressure 4 inches w.g. 

C. Fire Rating: 

1. 1-1/2 hours for 2 hour rated walls. 
2. 3 hours for 4 hour rated walls. 

D. Frame: Type B or Type C Curtain type with blades outside airstream; fabricated with 
roll-formed, galvanized steel in gages required by manufacturer’s UL listing; with 
mitered and interlocking corners. 

E. Mounting Sleeve: Factory- or field-installed, galvanized sheet steel. 

1. Thickness: Equal to or thicker than the duct connected to it, and of length to suit 
application. 

2. Exceptions: Omit sleeve where damper frame width permits direct attachment 
of perimeter mounting angles on each side of wall or floor, and thickness of 
damper frame complies with sleeve requirements. 

F. Mounting Orientation: Vertical or horizontal as indicated. 

G. Blades: Roll-formed, interlocking, 0.034-inch- thick, galvanized sheet steel. In place of 
interlocking blades, use full-length, 0.034-inch- thick, galvanized-steel blade 
connectors. 

H. Fusible Links: Replaceable, 212 deg F  rated. 

2.8 FIRE DAMPERS (MULTIPLE BLADE TYPE) 

A. Manufacturers: 

1. Greenheck Fan Corporation. 
2. NCA; a brand of Metal Industries Inc. 
3. Nailor Industries Inc. 
4. Pottorff. 
5. Ruskin Company. 

B. Dynamic fire dampers with multiple blades, and labeled according to UL 555, 
maximum velocity of 2000 fpm, maximum static pressure 4 inches w.g. 

C. Fire Rating: 

1. 1-1/2 hours for 2 hour rated walls. 
2. 3 hours for 4 hour rated walls. 
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D. Frame: Fabricated with roll-formed, galvanized steel in gages required by 
manufacturer’s UL listing; with mitered and interlocking corners. 

E. Mounting Sleeve: Factory- or field-installed, galvanized sheet steel. 

1. Thickness: Equal to or thicker than the duct connected to it, and of length to suit 
application. 

2. Exceptions: Omit sleeve where damper frame width permits direct attachment 
of perimeter mounting angles on each side of wall or floor, and thickness of 
damper frame complies with sleeve requirements. 

F. Mounting Orientation: Vertical or horizontal as indicated. 

G. Blades: Parallel operation, single-piece airfoil type construction with 0.078 inch 
equivalent thickness, or 0.064 inch thick, roll-formed, triple v-groove. 

H. Axles: 1/2 inch plated steel hex. 

I. Bearings: Stainless steel, or oil-impregnated bronze sleeve type, pressed into frame. 

J. Linkage: Concealed in frame. 

K. Fusible Links: Replaceable, 212 deg F  rated. 

2.9 TURNING VANES 

A. Manufactured Turning Vanes: 

1. Comply with SMACNA's "HVAC Duct Construction Standards--Metal and 
Flexible" for vanes and vane runners. Vane runners shall automatically align 
vanes. 

2. Double-vane or airfoil-shaped, curved blades of galvanized sheet steel set into 
vane runners suitable for duct mounting. 

3. Generated sound power level shall not exceed 54 decibels in octave band 4 at 
2000 fpm  in a 24-inch by 24-inch duct. 

4. Manufacturers: 

a. Aero-Dyne Sound Control; H-E-P Turning Vanes & Rail. 
b. Ductmate Industries, Inc. 
c. Duro Dyne Corporation. 
d. Ward Industries, Inc.; a JCI Company. 

B. Manufactured Acoustic Turning Vanes: 

1. Comply with SMACNA's "HVAC Duct Construction Standards--Metal and 
Flexible" for vanes and vane runners. Vane runners shall automatically align 
vanes. 

2. Double-vane curved blades of galvanized sheet steel with perforated faces and 
fibrous-glass fill set into vane runners suitable for duct mounting. 

3. Manufacturers: 

a. Ductmate Industries, Inc. 
b. Ward Industries, Inc.; a JCI Company. 
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2.10 REMOTE DAMPER OPERATORS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. Pottorff. 
2. Ventfabrics, Inc. 
3. Young Regulator Co. 

B. Description: Cable system designed for remote manual damper adjustment. 

C. Tubing: Brass. 

D. Cable: Stainless steel. 

E. Wall-Box Mounting: Recessed, 3/4 inches deep. 

F. Wall-Box Cover-Plate Material: Stainless steel. 

2.11 DUCT-MOUNTING ACCESS DOORS 

A. General Description: Fabricate doors airtight and suitable for duct pressure class. 
Doors may be field fabricated in accordance with SMACNA Standards, or 
commercially produced. 

B. Door: Double wall, duct mounting, and rectangular; fabricated of galvanized sheet 
metal with insulation fill and thickness as indicated for duct pressure class. Include 
vision panel where indicated. Include 1-by-1-inch butt or piano hinge and cam latches. 

1. Manufacturers: 

a. Air Balance, Inc.; Mestek, Inc. 
b. Greenheck Gan Corporation. 
c. Nailor Industries Inc. 
d. Ruskin Company. 

2. Frame: Galvanized sheet steel, with bend-over tabs and foam gaskets. 
3. Provide number of hinges and locks as follows: 

a. Less Than 12 Inches Square: Secure with two sash locks. 
b. Up to 18 Inches Square: Two hinges and two compression locks. 
c. Up to 24 by 48 Inches: Three hinges and two compression latches with 

outside and inside handles. 
d. Sizes 24 by 48 Inches and Larger: One additional hinge. 

C. Door: Double wall, duct mounting, and round; fabricated of galvanized sheet metal 
with insulation fill and 1-inch thickness. Include cam latches. 

1. Manufacturers: 

a. Ductmate Industries, Inc. 
b. Flexmaster U.S.A.; a Masterduct Company. 

2. Frame: Galvanized sheet steel, with spin-in notched frame. 
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D. Seal around frame attachment to duct and door to frame with neoprene or foam 
rubber. 

E. Insulation: 1-inch-thick, fibrous-glass or polystyrene-foam board. 

2.12 FLEXIBLE CONNECTORS 

A. Manufacturers: 

1. ADSCO Manufacturing LLC. 
2. Duro Dyne Corp. 
3. Senior Flexonics Pathway. 
4. Ventfabrics, Inc. 

B. General Description: Flame-retardant or noncombustible fabrics, coatings, and 
adhesives complying with UL 181, Class 1. 

C. Metal-Edged Connectors: Factory fabricated with a fabric strip minimum 3-1/2 inches 
wide attached to two strips of 2-3/4-inch- wide, 0.028-inch- thick, galvanized sheet 
steel or 0.032-inch- thick aluminum sheets. Select metal compatible with ducts. 

D. Indoor System, Flexible Connector Fabric: Glass fabric double coated with neoprene. 

1. Minimum Weight: 26 oz./sq. yd. 
2. Tensile Strength: 480 lbf/inch in the warp and 360 lbf/inch in the filling. 
3. Service Temperature: Minus 20 to plus 200 deg F. 

2.13 FLEXIBLE DUCTS, LOW AND MEDIUM PRESSURE 

A. Manufacturers: 

1. Flexmaster U.S.A.; a Masterduct Company; Type 1M Acoustical. 
2. Hart & Cooley. 
3. Thermaflex; part of the Flexible Technologies Group. 

B. Flexible Ducts: Interlocking spiral of galvanized steel or aluminum construction or 
fabric supported by helically wound spring steel wire or flat steel bands; rated to 6 
inches WG positive and 4 inches WG negative for low and medium pressure ducts. 

C. Insulated Flexible Ducts: UL 181, Class 1, flexible duct wrapped with flexible glass fiber 
insulation, enclosed by a fire retardant polyethylene vapor barrier jacket; maximum 
0.23 K value at 75 deg F. 

D. Acoustical performance tested in accordance with the Air Diffusion Council's Flexible 
Air Duct Test Code FD 72-R1, Section 3.0, Sound Properties shall be as follows: 

 
The insertion loss (dB) of a 10 foot length of straight duct when tested in accordance with 
ASTM E477, at a velocity of 2500 feet per minute, shall be minimum: 
 

Octave Band 2 3 4 5 6 7 
Hz. 125 250 500 1000 2000 4000 

6" diameter 8 32 38 35 39 25 
8" diameter 13 32 36 35 36 21 
12" diameter 15 29 28 33 26 14 
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The radiated noise reduction (dB) of a 10 foot length of straight duct when tested in accord-
ance with ASTM E477, at a velocity of 2500 feet per minute, shall be minimum: 
 

Octave Band 2 3 4 5 6 7 
Hz. 125 250 500 1000 2000 4000 

6" diameter 6 8 7 8 9 13 
8" diameter 9 6 6 7 8 10 
12" diameter 9 7 6 6 8 11 

 
The self-generated sound power levels (LW) dB are 10-12 Watt of a 10 foot length of straight 
duct for an empty sheet metal duct when tested in accordance with ASTM E477, at a velocity 
of 1000 feet per minute, shall not exceed: 
 

Octave Band 2 3 4 5 6 7 
Hz. 125 250 500 1000 2000 4000 

6" diameter 42 31 23 18 17 21 
8" diameter 41 34 27 19 18 21 
12" diameter 53 44 36 27 21 22 

E. Flexible Duct Fittings: Galvanized steel, twist-in design with damper. Size as indicated. 

F. Flexible Duct Clamps: Stainless-steel band with cadmium-plated hex screw to tighten 
band with a worm-gear action, in sizes 3 through 18 inches to suit duct size. 

2.14 FLEXIBLE DUCT ELBOW SUPPORTS 

A. Manufacturer: 

1. Titus; Air Distribution Technologies, Inc.; a JCI Company; FlexRight. 
2. Thermaflex; part of the Flexible Technologies Group; FlexFlow Elbow. 
3. Hart and Cooley, Inc.; Smart Flow Elbow. 

B. Elbow supports shall be constructed of durable composite material and be fully 
adjustable to support flexible duct diameters 6 inches through 16 inches. 

C. Elbow supports shall be UL listed for use in return air plenum spaces. 

2.15 DUCT ACCESSORY HARDWARE 

A. Adhesives: High strength, quick setting, neoprene based, waterproof, and resistant to 
gasoline and grease. 

2.16 FINISHES 

A. Chemical Resistant Coating: P-403 manufactured by Heresite Chemical Company. 

PART 3 - EXECUTION 
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3.1 APPLICATION AND INSTALLATION 

A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct 
Construction Standards--Metal and Flexible" for metal ducts and in NAIMA AH116, 
"Fibrous Glass Duct Construction Standards," for fibrous-glass ducts. 

B. Provide duct accessories of materials suited to duct materials; use galvanized-steel 
accessories in galvanized-steel and fibrous-glass ducts, stainless-steel accessories in 
stainless-steel ducts and PVC coated ducts; and aluminum accessories in aluminum 
ducts. 

C. Install control dampers at inlet of exhaust fans or exhaust ducts as close as possible to 
exhaust fan unless otherwise indicated. 

D. Install volume dampers at points on supply, return, and exhaust systems where 
branches extend from larger ducts. Where dampers are installed in ducts having duct 
liner, install dampers with hat channels of same depth as liner, and terminate liner with 
nosing at hat channel. 

1. Install steel volume dampers in steel ducts. 
2. Install stainless steel volume dampers in stainless steel ducts. 
3. Install aluminum volume dampers in aluminum ducts. 

E. Set dampers to fully open position before testing, adjusting, and balancing. 

F. Install fire dampers according to UL listing. 

G. Install duct silencers rigidly to ducts. 

H. Install duct access doors on ducts to allow for inspecting, adjusting, and maintaining 
accessories and equipment at the following locations: 

1. On upstream side of duct coils. 
2. On downstream side of air duct coils. 
3. Upstream from duct filters. 
4. At outdoor-air intakes and mixed-air plenums. 
5. At drain pans. 
6. Downstream from control dampers, backdraft dampers, and duct mounted 

equipment. 
7. Adjacent to and close enough to fire or smoke dampers, to reset or reinstall 

fusible links. 
8. Control devices requiring inspection, including airflow measuring devices. Size 

access doors appropriately to facilitate service of each device. 
9. Elsewhere as indicated. 

I. Install access doors with swing against duct static pressure. 

J. Install duct-mounting, rectangular access doors with long dimension at right angles to 
direction of airflow and of largest standard size which can be accommodated in duct. 
Maximum size: 21 by 14 inches. 

K. Install pressure relief doors vertically and level in accordance with manufacturer’s 
instructions, between the fan and first operable damper. 

L. Label access doors according to Division 20 Section "Mechanical Identification." 

M. Install flexible connectors immediately adjacent to equipment in ducts associated with 
fans and motorized equipment supported by vibration isolators. 
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N. For fans developing static pressures of 5-inch wg and higher, cover flexible connectors 
with loaded vinyl sheet held in place with metal straps. 

O. Connect terminal units to supply ducts directly or with maximum 12-inch lengths of 
flexible duct. Do not use flexible ducts to change directions. 

P. Connect diffusers or light troffer boots to low pressure ducts flexible duct clamped or 
strapped in place. 

Q. Connect flexible ducts to metal ducts with plenum-rated draw bands. 

R. Install flexible duct elbow supports at each diffuser, grille, or register, and elsewhere 
as indicated. 

S. Install turning vanes in rectangular duct elbows in excess of 45 degrees, and where 
indicated: 

1. Use manufactured double-vane turning vanes unless otherwise specified. 
2. Seat outboard-most vane in heal of duct elbow. 
3. Provide vanes for all runner punchings. Practice of eliminating every other vane 

is prohibited. 
4. Use single-vane turning vanes in low pressure square elbows. 

3.2 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Operate dampers to verify full range of movement. 
2. Inspect locations of access doors and verify that purpose of access door can be 

performed. 
3. Operate fire, smoke, and combination fire and smoke dampers to verify full range 

of movement and verify that proper heat-response device is installed. 
4. Inspect turning vanes for proper and secure installation. 
5. Operate remote damper operators to verify full range of movement of operator 

and damper. 

3.3 ADJUSTING 

A. Adjust duct accessories for proper settings. 

B. Adjust fire dampers, combination fire and smoke dampers, and smoke dampers for 
proper action. 

C. Final positioning of manual-volume dampers is specified in Division 23 Section 
"Testing, Adjusting, and Balancing." 

END OF SECTION 233300 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Motors.” 
3. Division 23 Section “Common Work Results for HVAC” for common mechanical 

drive requirements for fans and air moving equipment. 

1.2 PERFORMANCE REQUIREMENTS 

A. AMCA Compliance: 

1. Operating Limits:  Classify according to AMCA 99. 

1.3 ACTION SUBMITTALS 

A. Product Data: Include rated capacities, furnished specialties, and accessories for each 
type of product indicated and include the following: 

1. Certified fan performance curves with system operating conditions indicated. 
2. Certified fan sound-power ratings. 
3. Motor ratings and electrical characteristics, plus motor and electrical 

accessories. 
4. Material thickness. 
5. Dampers, including housings, linkages, and operators. 
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1.4 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loads, 
required clearances, method of field assembly, components, and location and size of 
each field connection. 

1. Wiring Diagrams: Power, signal, and control wiring. 
2. Design Calculations: Calculate requirements for selecting vibration isolators and 

for designing vibration isolation bases. 
3. Vibration Isolation Base Details: Detail fabrication, including anchorages and 

attachments to structure and to supported equipment. Include auxiliary motor 
slides and rails, and base weights. 

1.5 CLOSEOUT SUBMITTALS 

A. Field quality-control test reports. 

B. Operation and Maintenance Data: For fan arrays to include in operation and 
maintenance manuals. 

1.6 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, Article 100, by an NRTL acceptable to authorities having jurisdiction, and 
marked for intended use. 

B. AMCA Compliance: Products shall comply with performance requirements and shall 
be licensed to use the AMCA-Certified Ratings Seal. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Deliver fans as factory-assembled units, to the extent allowable by shipping limitations, 
with protective crating and covering. 

B. Disassemble and reassemble units, as required for moving to the final location, 
according to manufacturer's written instructions. 

C. Lift and support units with manufacturer's designated lifting or supporting points. 

1.8 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and that are 
packaged with protective covering for storage and identified with labels describing 
contents. 

1. Fan Array: Fan/motor cartridge for emergency replacement, one for each type 
of assembly provided on the project. 

PART 2 - PRODUCTS 
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2.1 FAN ARRAYS WITH ECM (TYPE 3)   

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. AHU manufacturer’s typical OEM fan supplier. 

B. Description: Fan array shall consist of multiple, direct driven plenum fans. All fans shall 
be selected to deliver design air flow at the specified operating Total Static Pressure 
(TSP) at the specified motor speed and as scheduled. Fan array shall be selected to 
operate at a system TSP that does not exceed 90 percent of the specified fan’s peak 
static pressure producing capability at the specified fan speed.  

C. Plenum fan(s) shall be provided and both axial and radial clearances must be equal to 
or greater than fan manufacturer’s recommendations for full rated fan performance 
and efficiency. 

D. Fan housing or cell shall be constructed of aluminum or stainless steel with perforated 
inner liner, melamine insulation, with either solid or perforated outer panels as required 
by application. 

E. Fan/motor assembly shall be mounted within the housing on an adjustable slide rail 
base. Fan/motor assembly must be capable of either horizontal or vertical application. 

F. Assemblies shall be dynamically balanced to meet AMCA standard 204-96, for fan 
application class BV-4, to meet or exceed a rotational imbalance Grade G 2.5, 
producing a maximum rotational imbalance of 0.10 inches per second peak, filter in. 
“Filter in” measurement indicates that the specified balance grade must be achieved 
at the submitted design operating speed for the fan(s). 

G. Backdraft Prevention:  Each individual cube or cell in the multiple fan arrays shall be 
provided with an integral backdraft damper or manually installed blank off plate that 
prohibits recirculation of air in the event a fan or multiple fans become disabled. All 
fans in the multiple fan arrays shall be provided with a back flow prevention means 
that produces near no static pressure drop and/or system effect when that fan is 
enabled. The system effects for the back flow prevention device(s) shall be included 
in the criteria for TSP determination for fan selection purposes, and shall be indicated 
as a separate line item SP loss in the submittals. 

H. Motors:  ECM. 

1. Synchronous, constant torque, ECM with permanent magnet rotor. Rotor 
magnets to be time-stable, nontoxic ceramic magnets (Sr-Fe). Motors shall be 
permanently lubricated. 

2. Driven by a frequency converter with an integrated power factor correction 
filter. Conventional induction motors will not be acceptable. 

3. Each motor with an integrated speed controller, tested as one unit by 
manufacturer. 

4. Motor speed adjustable over full range from 0 rpm to maximum scheduled 
speed. 

5. Variable motor speed to be controlled by a 0- to 10 V-dc or 4- to 20-mA input. 
6. Integrated motor protection verified by UL to protect equipment against over-

/undervoltage, overtemperature of motor, electronics, or both, overcurrent, 
locked rotor, and dry run (no-load condition). 

I. Fan Array Controller: The factory mounted and wired single point power panel shall 
include an external disconnect as well as separate motor overloads and disconnect 
switches for each motor internal to the controller cabinet. The panel shall be UL or ETL 
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listed. The panel shall be provided with a BACnet compatible controller capable of 
monitoring the array’s airflow via factory wired fan inlet airflow measuring stations, 
total static pressure, power consumption, RPM, and individual fan alarm status and 
specific cause of alarm. Controller shall be configurable for fan speed control. Control 
panel shall be equipped with relays for locking between other electrically driven 
components.  Control panel shall be pre-wired from internal fan disconnect switches 
to fan modules. 

2.2 SOURCE QUALITY CONTROL 

A. Sound-Power Level Ratings:  Comply with AMCA 301, "Methods for Calculating Fan 
Sound Ratings from Laboratory Test Data." Factory test fans according to AMCA 300, 
"Reverberant Room Method for Sound Testing of Fans." Label fans with the AMCA-
Certified Ratings Seal. 

B. Fan Performance Ratings:  Establish flow rate, pressure, power, air density, speed of 
rotation, and efficiency by factory tests and ratings according to 
AMCA 210/ASHRAE 51, "Laboratory Methods of Testing Fans for Certified 
Aerodynamic Performance Rating." 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install fan arrays level and plumb within associated air handling equipment. 

B. Disassemble and reassemble units, as required for moving to the final location, 
according to manufacturer's written instructions. 

1. After field assembly, test and confirm balance and vibration levels.  Rebalance 
as required to meet specified levels. 

C. Lift and support units with manufacturer's designated lifting or supporting points. 

D. Install units with clearances for service and maintenance. 

E. Label fans according to requirements specified in Division 20 Section "Mechanical 
Identification." 

3.2 CONNECTIONS 

A. Ground equipment according to Division 26 Section "Grounding and Bonding." 

B. Connect wiring according to Division 26 Section "Conductors and Cables." 

3.3 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to 
test and inspect components, assemblies, and equipment installations, including 
connections. 
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B. Perform the following field tests and inspections and prepare test reports: 

1. Verify that shipping, blocking, and bracing are removed. 
2. Verify that unit is secure on mountings and supporting devices and that 

connections to ducts and electrical components are complete. Verify that proper 
thermal-overload protection is installed in motors, starters, and disconnect 
switches. 

3. Verify that cleaning and adjusting are complete. 
4. Adjust damper linkages for proper damper operation. 
5. Verify lubrication for bearings and other moving parts. 
6. Refer to Division 23 Section "Testing, Adjusting, and Balancing" for testing, 

adjusting, and balancing procedures. 
7. Remove and replace malfunctioning units and retest as specified above. 

C. Test and adjust controls and safeties. Replace damaged and malfunctioning controls 
and equipment. 

3.4 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain fan arrays. Refer 
to Division 20 Section "Mechanical General Requirements." 

END OF SECTION 233417 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 20 Section “Motors.” 
3. Division 20 Section “Variable Frequency Controllers.” 
4. Division 23 Section “Common Work Results for HVAC” for common mechanical 

drive requirements for fans and air moving equipment. 

1.2 PERFORMANCE REQUIREMENTS 

A. Classify according to AMCA 99. 

1.3 ACTION SUBMITTALS 

A. Product Data: Include rated capacities, furnished specialties, and accessories for each 
type of product indicated and include the following: 

1. Certified fan performance curves with system operating conditions indicated. 
2. Certified fan sound-power ratings. 
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3. Motor ratings and electrical characteristics, plus motor and electrical 
accessories. 

4. Material thickness. 
5. Dampers, including housings, linkages, and operators. 
6. Roof curbs. 
7. Fan speed controllers. 

1.4 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loads, 
required clearances, method of field assembly, components, and location and size of 
each field connection. 

1. Wiring Diagrams: Power, signal, and control wiring. 
2. Design Calculations: Calculate requirements for selecting vibration isolators and 

for designing vibration isolation bases. 
3. Vibration Isolation Base Details: Detail fabrication, including anchorages and 

attachments to structure and to supported equipment. Include auxiliary motor 
slides and rails, and base weights. 

B. Coordination Drawings: Reflected ceiling plans and other details, drawn to scale, on 
which the following items are shown and coordinated with each other, based on input 
from installers of the items involved: 

1. Roof framing and support members relative to duct penetrations. 
2. Ceiling suspension assembly members. 
3. Size and location of initial access modules for acoustical tile. 
4. Ceiling-mounted items including light fixtures, diffusers, grilles, speakers, 

sprinklers, access panels, and special moldings. 

1.5 CLOSEOUT SUBMITTALS 

A. Field quality-control test reports. 

B. Operation and Maintenance Data: For power ventilators to include in operation and 
maintenance manuals. 

1.6 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, Article 100, by an NRTL acceptable to authorities having jurisdiction, and 
marked for intended use. 

B. AMCA Compliance: Products shall comply with performance requirements and shall 
be licensed to use the AMCA-Certified Ratings Seal. 

C. NEMA Compliance: Motors and electrical accessories shall comply with NEMA 
standards. 

D. UL Standard: Power ventilators shall comply with UL 705. 
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1.7 DELIVERY, STORAGE, AND HANDLING 

A. Deliver fans as factory-assembled units, to the extent allowable by shipping limitations, 
with protective crating and covering. 

B. Disassemble and reassemble units, as required for moving to final location, according 
to manufacturer's written instructions. 

C. Lift and support units with manufacturer's designated lifting or supporting points. 

1.8 COORDINATION 

A. Coordinate size and location of structural-steel support members. 

B. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. 
Concrete, reinforcement, and formwork requirements are specified in Division 03. 

C. Coordinate delivery and placement of roof curbs, and equipment supports. Installation 
of roof curbs, equipment supports, and roof penetrations is specified in Division 07 
Section "Roof Accessories." 

1.9 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and that are 
packaged with protective covering for storage and identified with labels describing 
contents. 

PART 2 - PRODUCTS 

2.1 IN-LINE CENTRIFUGAL FANS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. Acme Engineering & Manufacturing. 
2. Aerovent. 
3. Greenheck Fan Corporation; SQ/BSQ Series. 
4. Loren Cook Company. 
5. Moffitt Corporation. 
6. PennBarry. 
7. Soler & Palau. 

B. Description: In-line, direct centrifugal fans consisting of housing, wheel, outlet guide 
vanes, fan shaft, bearings, motor and disconnect switch, drive assembly, mounting 
brackets, and accessories. 

C. Casing: Rectangular or cylindrical, flanged. 

D. Throat and Mounting Assembly: One-piece spun aluminum or continuously welded 
assembly. 

1. Stiffeners: Continuously welded. 
2. Bolts, nuts, rivets, and washers: Cadmium plated. 
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3. Nuts: Self-locking type, vibration proof. 

E. Direct-Driven Units: Motor mounted in airstream, factory wired to disconnect switch 
located on outside of fan housing; with wheel, inlet cone, and motor on swing-out 
service door. 

F. Belt-Driven Units: Motor mounted on adjustable base, with adjustable sheaves, 
enclosure around belts within fan housing, and lubricating tubes from fan bearings 
extended to outside of fan housing. 

G. Fan Wheels: Aluminum, backward curved airfoil blades welded to aluminum hub. 

H. Accessories: 

I. Capacities and Characteristics: Refer to schedule(s) on Drawings. 

J. Vibration Isolators: Refer to Division 20 Section “Mechanical Vibration Controls.” 

2.2 CENTRIFUGAL ROOF VENTILATORS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. Acme Engineering & Manufacturing; Acme Fan Group; Models PRN and PV. 
2. Twin City Fan Company. 
3. Greenheck Fan Corporation; Models G and GB. 
4. Loren Cook Company; Models ACED and ACES. 
5. Moffitt Corporation. 
6. PennBarry; Domex. 
7. Soler & Palau. 

B. Description: Direct- or belt-driven centrifugal fans consisting of housing, wheel, fan 
shaft, bearings, motor and disconnect switch, drive assembly, curb base, and 
accessories. 

C. Housing: Removable, spun-aluminum, dome top and outlet baffle; square, one-piece, 
aluminum base with venturi inlet cone. 

D. Fan Wheels: Aluminum hub and wheel with backward-inclined blades. 

1. Fan Shaft: Turned, ground, and polished steel; keyed to wheel hub. 
2. Shaft Bearings: Permanently lubricated, permanently sealed, self-aligning ball 

bearings. 
3. Sheaves: Cast-iron, adjustable-pitch motor sheave. 
4. Fan and motor isolated from exhaust airstream. 
5. Refer to Division 23 Section “Common Work Results for HVAC” for additional 

requirements. 

E. Accessories: 

1. Variable Frequency Controller: Refer to Division 20 Section “Variable Frequency 
Controllers.” 

2. Disconnect Switch: Nonfusible type, with thermal-overload protection mounted 
inside fan housing, factory wired through an internal aluminum conduit. 

3. Bird Screens: Removable, 1/2-inch mesh, aluminum or brass wire. 
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4. Motorized Dampers: Parallel-blade dampers mounted in curb base with electric 
actuator; wired to close when fan stops. 

F. Provide prefabricated roof curbs for each fan. 

G. Capacities and Characteristics: Refer to schedule(s) on Drawings. 

2.3 ROOF CURBS AND ACCESSORIES 

A. Construction: Galvanized steel; mitered and welded corners; 1-1/2-inch- thick, rigid, 
fiberglass insulation adhered to inside walls; and 1-1/2-inch chemically treated wood 
nailer. Size as required to suit roof opening and fan base. 

1. Manufacturers: Roof curbs shall be provided by the fan manufacturer, or one of 
the following: 

a. Creative Metals. 
b. The Pate Company. 
c. Roof Products & Systems. 
d. Thybar Corporation. 
e. Any of the approved roof mounted exhaust fan manufacturers. 

2. Configuration: Self-flashing without a cant strip, with mounting flange, and 
suitable for flat roofs with tapered insulation. 

3. Height: Curb shall extend a minimum 18 inches above top surface of roof 
insulation. 

4. Metal Liner: Galvanized steel. 

B. Construction: Galvanized steel; mitered and welded corners; 1-1/2-inch- thick, rigid, 
fiberglass insulation adhered to inside walls; and 1-1/2-inch chemically treated wood 
nailer. Size as required to suit roof opening and fan base. 

1. Manufacturers: Roof curbs shall be provided by the fan manufacturer, or one of 
the following: 

a. Creative Metals. 
b. The Pate Company. 
c. Roof Products & Systems. 
d. Thybar Corporation. 
e. Any of the approved roof mounted exhaust fan manufacturers. 

2. Configuration: Built-in raised cant with step dimension matching insulation 
thickness, with mounting flange, and suitable for sloped roofs with uniform 
insulation thickness. 

3. Height: Curb shall extend a minimum 18 inches above top surface of roof 
insulation. 

4. Pitch Mounting: Manufacture curb for roof slope, top of curb shall be level. 
5. Metal Liner: Galvanized steel. 

2.4 MOTORS 

A. Comply with requirements in Division 20 Section "Motors." 
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2.5 SOURCE QUALITY CONTROL 

A. Sound-Power Level Ratings: Comply with AMCA 301, "Methods for Calculating Fan 
Sound Ratings from Laboratory Test Data." Factory test fans according to AMCA 300, 
"Reverberant Room Method for Sound Testing of Fans." Label fans with the AMCA-
Certified Ratings Seal. 

B. Fan Performance Ratings: Establish flow rate, pressure, power, air density, speed of 
rotation, and efficiency by factory tests and ratings according to AMCA 210, 
"Laboratory Methods of Testing Fans for Rating." 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install power ventilators level and plumb. 

B. Secure roof-mounting fans to roof curbs with cadmium-plated hardware. Refer to 
Division 07 Section "Roof Accessories" for installation of roof curbs. 

C. Support suspended units from structure using threaded steel rods and spring hangers 
having a static deflection of 1 inch. Vibration-control devices are specified in 
Division 20 Section "Mechanical Vibration Controls." 

D. Install units with clearances for service and maintenance. 

E. Label units according to requirements specified in Division 20 Section "Mechanical 
Identification." 

3.2 CONNECTIONS 

A. Duct installation and connection requirements are specified in other Division 23 
Sections. Drawings indicate general arrangement of ducts and duct accessories. Make 
final duct connections with flexible connectors. Flexible connectors are specified in 
Division 23 Section "Duct Accessories." 

B. Install ducts adjacent to power ventilators to allow service and maintenance. 

C. Ground equipment according to Division 26 Section "Grounding and Bonding." 

D. Connect wiring according to Division 26 Section "Conductors and Cables." 

3.3 FIELD QUALITY CONTROL 

A. Perform the following field tests and inspections and prepare test reports: 

1. Verify that shipping, blocking, and bracing are removed. 
2. Verify that unit is secure on mountings and supporting devices and that 

connections to ducts and electrical components are complete. Verify that proper 
thermal-overload protection is installed in motors, starters, and disconnect 
switches. 

3. Verify that cleaning and adjusting are complete. 
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4. Disconnect fan drive from motor, verify proper motor rotation direction, and 
verify fan wheel free rotation and smooth bearing operation. Reconnect fan drive 
system, align and adjust belts, and install belt guards. 

5. Adjust belt tension. 
6. Adjust damper linkages for proper damper operation. 
7. Verify lubrication for bearings and other moving parts. 
8. Verify that manual and automatic volume control and fire and smoke dampers 

in connected ductwork systems are in fully open position. 
9. Disable automatic temperature-control operators, energize motor and adjust fan 

to indicated rpm, and measure and record motor voltage and amperage. 
10. Shut unit down and reconnect automatic temperature-control operators. 
11. Remove and replace malfunctioning units and retest as specified above. 

B. Test and adjust controls and safeties. Replace damaged and malfunctioning controls 
and equipment. 

3.4 ADJUSTING 

A. Adjust damper linkages for proper damper operation. 

B. Adjust belt tension. 

C. Refer to Division 23 Section "Testing, Adjusting, and Balancing" for testing, adjusting, 
and balancing procedures. 

D. Replace fan and motor sheaves as required to achieve design airflow. 

E. Lubricate bearings. 

END OF SECTION 233423 
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PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. Related Sections include the following: 

1. Division 20 Section “Mechanical General Requirements.” 
2. Division 23 Section “Metal Ducts.” 
3. Division 23 Section “Temperature Controls.” 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated, include rated capacities, furnished 
specialties, sound-power ratings, and accessories. 

1. Liners and adhesives. 
2. Sealants and gaskets. 

1.3 INFORMATIONAL SUBMITTALS 

A. Shop Drawings: Detail equipment assemblies and indicate dimensions, required 
clearances, method of field assembly, components, and location and size of each field 
connection. 

1. Include a schedule showing unique model designation, room location, model 
number, size, and accessories furnished. 

2. Wiring Diagrams: Power, signal, and control wiring. 


