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GENERAL LEGEND

RO

N

APPEARS ON SHEET WHERE SECTION IS CUT
——— SECTION IDENTIFICATION LETTER
——— SHEET WHERE SECTION IS DRAWN

APPEARS ON THE SHEET WHERE SECTION IS DRAWN
——— SECTION OR DETAIL IDENTIFICATION LETTER
——— SHEET WHERE DRAWN

SECTION SYMBOL ON SHEET WHERE CUT

M1.2 M12 [ -—— SHEET WHERE SECTION IS CUT
M2.1 M2.1 | =—— SHEET WHERE SECTION IS DRAWN
[
/h ELEVATION SYMBOL ON SHEET WHERE INDICATED
gEX H11 | —=—— SHEET WHERE INDICATED
H2.2 H22 | —-—— SHEET WHERE DRAWN
SECTION, ELEVATION OR DETAIL IDENTIFICATION
7B\ ON SHEET WHERE DRAWN
M12 | =—— SHEET WHERE INDICATED OR CUT
M21 | =—— SHEET WHERE DRAWN
ENLARGED AREA OR PARTIAL PLAN SYMBOL
(ON SHEET WHERE INDICATED AND SHEET WHERE DRAWN)
ﬁ —~—— |IDENTIFICATION LETTER
\P32/ ——— SHEET WHERE DRAWN
PLAN MATCH LINE SYMBOL
(X) (X}J CONNECTION OF NEW WORK TO EXISTING
LINE OR EQUIPMENT TO BE REMOVED
123 ROOM NUMBER
CEILING HEIGHT
AFE ABOVE FINISHED FLOOR
TOS, BOS TOP OF STEEL, BOTTOM
TOB, BOB TOP OF BEAM, BOTTOM
TOJ, BOJ TOP OF JOIST, BOTTOM
TOC, BOC TOP OF CONCRETE, BOTTOM
TOP, BOP TOP OF PIPE, BOTTOM
BOD BOTTOM OF DECK
S SMOKE BARRIER
) 1/2 HR. FIRE-RATED
S 1/2 HR. FIRE-RATED/SMOKE BARRIER
't 3/4 HR. FIRE-RATED
S 3/4 HR. FIRE-RATED/SMOKE BARRIER
& 1 HR. FIRE-RATED
¢S 1 HR. FIRE-RATED/SMOKE BARRIER
¢ 2 HR. FIRE-RATED

—S5— 2 HR. FIRE-RATED/SMOKE BARRIER

NOTE: LEGENDS ALSO APPEAR ON
INDIVIDUAL PLANS, SCHEDULES
AND DETAILS.

MECHANICAL LEGEND

HVAC, PLUMBING & FIRE PROTECTION
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NEW DUCT - 1ST FIGURE IS DIMENSION SHOWN

> |X| SUPPLY OR OUTSIDE AIR DUCTWORK; PLAN, UP & DOWN

RETURN OR EXHAUST DUCTWORK

/.
(4

DROP AND RISE IN DIRECTION OF FLOW

s> ACOUSTIC LINED DUCTWORK; PLAN

SUPPLY AIR DUCT

OUTSIDE AIR DUCT

RETURN AIR DUCT

RA

EXHAUST AIR DUCT

EA

TRANSFER AIR DUCT

TA

HVD

F/O

SIS -

HIGH VELOCITY SUPPLY DUCT (MEDIUM PRESSURE)
FLAT OVAL DUCT

LOW PRESSURE FLEXIBLE DUCT

HIGH PRESSURE FLEXIBLE DUCT

ROUND DUCTWORK; PLAN, UP AND DOWN

A, AIR FLOW; DIRECTION
T H ™ REHEAT COIL IN DUCT
T —Eh T MANUAL VOLUME DAMPER; PLAN, ONE LINE DIAGRAM
I
s N +  BACKDRAFT DAMPER
BDD
M
STF > $ MOTOR OPERATED DAMPER; PLAN, ONE LINE DIAGRAM
L O FD FIRE DAMPER
I I
—— SMOKE DAMPER; PLAN, ONE LINE DIAGRAM
3 i (FIRE/SMOKE - FSD)
\
[ . .
e SPLITTER DAMPER: SD; SHOWN IN TEE WITH
- TURNING VANES.

AIR TURNING VANES; PLAN, ONE LINE DIAGRAM

N N N

/\\\ -~
\_/ o/

LP,S —

MPS —

HPS —

— — LPR — —

— — MPR — —

— — HPR — —

HRS —

— — HRR — —

FOS ——

FOR —

FOV ——

SS

8S

VAC

DUCT BRANCH TAKE OFF WITH RAKE OFF DAMPER,;
PLAN, ONE DIAGRAM

DUCT TRANSITION; PLAN, ONE LINE DIAGRAM

ACCESS DOOR, VERTICAL OR HORIZONTAL

CEILING DIFFUSERS

DUCT OR PIPE SECTION

SUPPLY DIFFUSER; ONE, TWO, THREE AND FOUR WAY

RETURN, EXHAUST OR TRANSFER GRILLE

RETURN GRILLE WITH ACOUSTIC BAFFLE

EXHAUST OR RETURN BOTTOM WALL REGISTER OR GRILLE

EXHAUST OR RETURN TOP WALL REGISTER OR GRILLE

DOOR GRILLE

AIR DEVICE DESIGNATION.
(S) SUPPLY, (R) RETURN, (E) EXHAUST, (T) TRANSFER,
(L) LOUVER; I.E. SUPPLY TYPE 2, 200 C.F.M.

SLOT TYPE LINEAR SUPPLY DIFFUSER

SLOT TYPE LINEAR RETURN GRILLE

FLEXIBLE DUCT CONNECTOR; PLAN, ONE LINE DIAGRAM

A DIRECTION OF PIPE FLOW

DIRECTION OF PIPE PITCH

HOT WATER SUPPLY PIPING

HOT WATER RETURN PIPING

CONDENSER WATER SUPPLY PIPING
CONDENSER WATER RETURN PIPING

CHILLED WATER SUPPLY PIPING

CHILLED WATER RETURN PIPING

HOT/CHILLED WATER SUPPLY PIPING
HOT/CHILLED WATER RETURN PIPING

WATER SOURCE HEAT PUMP SUPPLY

WATER SOURCE HEAT PUMP RETURN
MAKE-UP(NON-POTABLE)
MAKE-UP(NON-POTABLE)HOT

LOW PRESSURE STEAM (0-15 PSI) PIPING
MEDIUM PRESSURE STEAM (16-50 PSI) PIPING
HIGH PRESSURE STEAM (51 PSI & OVER) PIPING
LOW PRESSURE CONDENSATE RETURN (0-15 PSI) PIPING

MEDIUM PRESSURE CONDENSATE RETURN (16-50 PSI)
PIPING

HIGH PRESSURE CONDENSATE RETURN (51 PS| & OVER)
PIPING

HEAT RECOVERY SUPPLY PIPING
HEAT RECOVERY RETURN PIPING
FUEL OIL SUPPLY PIPING

FUEL OIL RETURN PIPING

FUEL OIL VENT PIPING

REFRIGERANT SUCTION PIPING
REFRIGERANT LIQUID PIPING
EQUIPMENT OR SYSTEM DRAIN PIPING
EXPANSION LINE

SAFETY OR RELIEF VALVE DISCHARGE PIPING
CONDENSATE DRAIN PIPING

NATURAL GAS PIPING

EXISTING SANITARY SEWER PIPING (SITE)
EXISTING STORM SEWER PIPING (SITE)
SANITARY SEWER PIPING (SITE)
STORM SEWER PIPING (SITE)

SOIL & WASTE PIPING

DWV VENT PIPING

ROOF LEADER PIPING

FOUNDATION DRAIN PIPING

ACID WASTE

ACID VENT

DOMESTIC COLD WATER PIPING

DOMESTIC HOT WATER (140 F) PIPING

DOMESTIC RECIRCULATING HOT WATER PIPING
DOMESTIC HOT WATER (105 F) PIPING

HOT WATER PIPING (FOR EXAMPLE) HEAT TRACED
WATER SERVICE PIPING (EXTERIOR)

OXYGEN PIPING

ACETYLENE

VENT PIPING

VACUUM PIPING

COMPRESSED AIR PIPING

VALVE (IN GENERAL - SEE SPECS)

GATE VALVES (GV)

GLOBE VALVES

CHECK VALVE

BALANCING VALVE (WITH READ OUT)

BALANCING COCK ONLY (NON-SHUTOFF)

HOSE CONNECTION, BOILER DRAIN
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©
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P9

BALL VALVES (BV)

PLUG COCKS, BALANCING COCKS

SILENT CHECK VALVE

BUTTERFLY VALVES (BFV)

CONTROL VALVE; TWO WAY, THREE WAY

SOLENOID OR QUICK-OPENING VALVE

MOTOR OPERATED VALVE

FLOW MEASURING DEVICE

SELF REGULATING
FLOW CONTROL VALVE

RELIEF VALVE; PLAN, ELEVATION

PRESSURE REDUCING VALVE (PRV)

TRI-FUNCTION VALVE (TDV)

STRAINER; STRAINER WITH BLOW DOWN.

FLOAT VALVE

FLEXIBLE CONNECTOR

BACKFLOW PREVENTER, REDUCED PRESSURE
(STRAINER NOT SHOWN) (BFP - RPZ)

DOUBLE CK. VALVE ASSEMBLY (DCA)

REDUCING BUSHING

COUPLING, JOINT

CAP

PLUG

90° ELBOW

90° ELBOW TURNED UP

90° ELBOW TURNED DOWN

45° ELBOW

TEE OR SIDE CONNECTION

TEE OUTLET UP

TEE OUTLET DOWN

CROSS

UNCONNECTED CROSSING PIPES

RISE OR DRORP IN PIPE

RISER ONLY, SERVICE (LPS) SHOWN

BOTTOM CONNECTION TO LINE

TOP CONNECTION TO LINE

RISER IN SLEEVE

UNION

STRUCTURAL PIPE ANCHOR

BUILDING ENTRANCE PIPE ANCHOR

PIPE GUIDE

EXPANSION JOINT

THRUST BLOCK

WALL SLEEVE

CONCENTRIC REDUCER

ECCENTRIC REDUCER

VENT THROUGH ROOF, PLAN & RISER

THROUGH ROOF

THROUGH FLOOR

THROUGH WALL

THERMOMETERS

THERMOMETER WELL

PRESSURE GAUGES
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WHA-A

P-1

VTR

FD-1

WCO

CcO

FCO

GCO

AD

VACUUM AND COMPOUND GAUGES

PRESSURE/TEMPERATURE TEST PLUG

FLOW SWITCH

ORIFICE FLOW METER

METER: WATER, CONDENSATE OR GAS

POT OR SHOT FEEDER

THERMOSTAT, OR TEMP. CONTROLLER

PRESSURE CONTROLLER

HUMIDISTAT, OR HUM. CONTROLLER

CARBON DIOXIDE SENSOR

MANUAL AIR VENT

AUTOMATIC AIR VENT

AUTOMATIC AIR ELIMINATOR

VACUUM BREAKER

FLOAT AND THERMOSTATIC TRAP, TRAP SET

INVERTED BUCKET TRAP, TRAP SET

FLOAT, STEAM OR AIR TRAP

MAIN OR END OF MAIN DRIP TRAP SET

HORIZONTAL UNIT HEATER

PUMP

ROOF EXHAUST HOOD, EXHAUST FAN

ROOF INTAKE HOOD, SUPPLY FAN

FIRE PROTECTION

FIRE PROTECTION

PIPE HANGER

VALVE IN PIT

FIRE RISER

FIRE HYDRANT (FH)

FIRE DEPT. CONNECTION (FDC)
(SIAMESE: WALL, POST)

FIRE DEPT. CONNECTION (FDC)
(SINGLE: WALL, POST)

ZONE CONTROL VALVE SET
(SEE DETAILS)

TEST VALVE HEADER

POST INDICATOR VALVE (PIV)

YARD HYDRANT (YH)

WATER MOTOR ALARM (GONG)

ALARM CHECK VALVE

DRY PIPE VALVE

DRY PIPE VALVE W/ EXHAUSTERS

PREACTION SYSTEM VALVE

WET STANDPIPE HOSE STATION

DRY STANDPIPE HOSE STATION

ANGLE HOSE (HV) OR DRAIN VALVE

SPRINKLER HEAD: UPRIGHT OR GENERAL

SPRINKLER HEAD: PENDANT

SPRINKLER HEAD: PENDANT ON DROP NIPPLE

SPRINKLER HEAD: DRY PENDANT TYPE

SPRINKLER HEAD: UPRIGHT ON SPRIG

SPRINKLER HEAD: WITH GUARD

SPRINKLER HEAD: SIDEWALL

SPRINKLER HEAD: OUTSIDE

WATER HAMMER ARRESTOR: PDI SIZE A
PLUMBING FIXTURE I.D. NUMBER

VENT THRU ROOF; PLAN & RISER

FLOOR DRAIN I.D. NUMBER; PLAN & RISER
WALL CLEAN OUT

CLEAN OUT

FLOOR CLEAN OUT

GRADE CLEAN OUT

ACCESS DOOR

WH WALL HYDRANT
HB HOSE BIBB
OR
0sD OPEN RECEPTACLE
N RISER SYMBOL ON PLAN SHEET

GENERAL NOTES:

M4 | —«=—— SHEET WHERE WASTE & WATER RISERS APPEAR

RISER SYMBOL ON PLAN SHEET
P2l | —«=——— SHEET WHERE WASTE RISER APPEARS
pa2 | —-——— SHEET WHERE WATER RISER APPEARS

RISER SYMBOLS FOR WASTE (SANITARY)
S v AND WATER ON RISER SHEET
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1. GENERAL NOTES, WHEREVER THEY ARE
FOUND, APPLY TO ALL WORK IN THE
PROJECT, UNLESS OTHERWISE INDICATED.
SHEET NOTES, UTILIZING NOTE SYMBOLS,
APPLY ONLY TO THE SHEET ON WHICH THEY
ARE FOUND, UNLESS OTHERWISE STATED.
THE MEANING OF NOTE SYMBOLS AND
NUMBERS VARIES FROM SHEET TO SHEET.

2. CONTRACTOR SHALL UTILIZE ALL
INFORMATION IN THE CONTRACT
DOCUMENTS FOR PROVIDING THE WORK.
CONTRACTOR SHALL UTILIZE DETAILS AND
FLOW DIAGRAMS FOR THE WORK WHERE
APPROPRIATE, WHETHER OR NOT THEY ARE
SPECIFICALLY REFERENCED ON THE PLANS
OR SUPPORTING DRAWINGS.

3. CONTRACTOR SHALL FIELD VERIFY ALL
EXISTING CONDITIONS. ANY DISCREPANCIES
BETWEEN EXISTING CONDITIONS AND
CONTRACT DOCUMENTS ARE TO BE
BROUGHT TO THE ATTENTION OF THE
ENGINEER BEFORE ANY WORK RELATING TO
THOSE CONDITIONS IS PERFORMED.

4. LEGENDS OR LISTS OF SYMBOLS AND
ABBREVIATIONS ARE GENERAL IN NATURE
AND MAY CONTAIN ITEMS NOT USED IN THE
CONTRACT DOCUMENTS. IF ANY SUCH ITEMS
ARE FOUND WHICH ARE NOT DEFINED ON THE
PLANS OR IN THE SPECIFICATIONS, THE
ENGINEER SHALL BE CONTACTED FOR
CLARIFICATION BEFORE THE BID.

5. CONTRACTOR SHALL MAINTAIN A SET
OF PROJECT RECORD DRAWINGS AT THE JOB
SITE AND SHALL BE RESPONSIBLE FOR
MAKING CLEAR, NEAT CHANGES TO THE
DRAWINGS, REFLECTING CHANGES TO THE
WORK AND VARIANCE IN EXISTING
CONDITIONS.

6. PROVIDE ALL MISCELLANEOUS STEEL,
AS REQUIRED, TO SUPPORT ALL MECHANICAL
DUCT AND PIPING SYSTEMS AND EQUIPMENT.
HANG ALL EQUIPMENT FROM STRUCTURE
WITH MINIMUM OF TWO TRAPEZE
ASSEMBLIES OR FOUR INTEGRAL MOUNTING
POINTS WITH VIBRATION ISOLATORS ON ALL
FOUR SUPPORTS. DO NOT HANG ANYTHING
FROM STEEL, COMPOSITION OR WOODEN
DECKS. NON-ROOF CONCRETE DECKS MAY
BE USED ONLY WITH PERMISSION OF THE
ENGINEER. DO NOT HANG ANYTHING FROM
MECHANICAL OR ELECTRICAL ITEMS.

7. NO STEEL STRUCTURAL MEMBERS
SHALL BE CUT, BURNED, WELDED OR
DRILLED WITHOUT SPECIFIC PERMISSION OF
THE ENGINEER.

8. CONSULT ARCHITECTURAL PLANS FOR
DIMENSIONING AND POSITIONS OF WALL
LOUVERS.

9. ALL EQUIPMENT, DUCT, PIPING AND
ACCESSORIES INSTALLED OUTSIDE OR
OTHERWISE EXPOSED TO THE ELEMENTS
SHALL BE ADEQUATELY WEATHERPROOFED,
IN KEEPING WITH THE SPECIFICATIONS. ALL
FERROUS METAL FRAMING COMPONENTS
SHALL BE STAINLESS STEEL OR HOT-DIP
GALVANIZED.

10. DO NOT CHANGE PATH OF PIPING OR
DUCT RUNS, ADD TURNS OR OFFSETS OR
CHANGE DUCT DIMENSIONS OR PIPE SIZE
WITHOUT FIRST CONSULTING THE ENGINEER.
PIPE SIZES SHOWN ON DRAWINGS ARE
NOMINAL UNLESS OTHERWISE INDICATED.
ALL DUCT SIZES SHOWN ON PLANS ARE
CLEAR INSIDE DIMENSIONS FOR SHOP OR
FIELD-FABRICATED DUCT AND NOMINAL SIZES
FOR FACTORY FABRICATED DUCT.

11. SEE ALSO RISER DIAGRAMS OR
FLOW/CONTROL DIAGRAMS FOR SIZES NOT
SHOWN ON PLANS.

12.  FOR TYPICAL WATER, AND AIR
CONNECTIONS TO EQUIPMENT, SEE
STANDARD DETAILS.

13.  ALL EXTERIOR MECHANICAL UTILITIES
SHALL BE IN GENERAL COMPLIANCE WITH
APPROPRIATE DIVISION 22 SPECIFICATION
SECTION (FOR CORRESPONDING INTERIOR
UTILITIES).

14. CONTRACTOR SHALL CERTIFY AT THE
TIME OF OWNER OCCUPANCY THAT ALL
BELT-DRIVEN EQUIPMENT HAS BEEN
CHECKED FOR BELT TIGHTNESS AFTER
WEAR-IN PERIOD.

15.  ALL EXISTING EQUIPMENT SHUTDOWNS
OR INTERRUPTIONS OF UTILITY SERVICE
REQUIRED FOR COMPLETION OF THE WORK
SHALL BE SCHEDULED IN ADVANCE, AS
REQUIRED BY THE OWNER.

16. COORDINATE ALL PIPING AND
DUCTWORK WITH BOTH NEW AND EXISTING
MECHANICAL AND ELECTRICAL WORK,
INCLUDING HVAC, PLUMBING, ELECTRICAL,
FIRE ALARM, SPRINKLER AND
COMMUNICATIONS.

17. CONTRACTOR IS RESPONSIBLE FOR
MAKING ALL REQUIRED CONNECTIONS FOR A
COMPLETE SYSTEM. CONNECTIONS OF NEW
WORK TO EXISTING IS USUALLY INDICATED
BY SPECIAL SYMBOL (SEE LEGEND).
SYMBOLS MISSING FROM THE DRAWINGS DO
NOT EXCUSE THE CONTRACTOR FROM
PROVIDING THE WORK.

18. PROVIDE LINTELS AS REQUIRED FOR
ALL NEW OPENINGS GREATER THAN 12" WIDE
IN MASONRY OR LOAD-BEARING WALLS,
MATERIAL TO BE APPROVED BY ENGINEER.

19.  ANY AND ALL DAMAGE DUE TO
DEMOLITION OR CONSTRUCTION IS TO BE
REPAIRED OR REPLACED AS APPROPRIATE,
SUBJECT TO ENGINEER'S APPROVAL, AND AT
NO ADDITIONAL COST TO THE OWNER.

20. THE CONTRACTOR SHALL NOT REMOVE
OR DISTURB ANY SUSPECTED HAZARDOUS
MATERIALS, INCLUDING
ASBESTOS-CONTAINING MATERIALS (ACM),
LEAD-BASED PAINTS, ELECTRICAL GEAR
CONTAINING PCB'S OR ANY OTHER, EXCEPT
AS INSTRUCTED IN THIS CONTRACT. IF ANY
MATERIAL NOT COVERED BY THE CONTRACT
IS ENCOUNTERED, NOTIFY THE ENGINEER AT
ONCE.

21.  ALL DUCTWORK AND SHEET METAL
SHALL BE PROVIDED AS INDICATED AND
SHALL BE MANUFACTURED AND SHOP- OR
FIELD-FABRICATED, AS A MINIMUM, IN
ACCORDANCE WITH THE RECOMMENDATIONS
AND DETAILS OF SMACNA, UNLESS
SPECIFICALLY INDICATED OTHERWISE.

22. PROVIDE ALL HVAC EQUIPMENT AND
ACCESSORIES AS INDICATED. INSTALL IN
COMPLIANCE WITH ALL REQUIREMENTS OF
THE KY BUILDING CODE.

23. MOUNT ALL ROOM THERMOSTATS OR
ADJUSTABLE SENSORS AT 5'-0" ABOVE
FINISHED FLOOR OR AS DIRECTED BY THE
ENGINEER.

24. DO NOT USE BULL-HEADED TEE
FITTINGS, EITHER ON PIPE OR ON DUCT,
UNLESS SPECIFICALLY SHOWN, OR IN THE
CASE OF DUCT, UNLESS INTERNAL TURNING
VANES PER SMACNA ARE PROVIDED.

25.  USE TURNING VANES, PER SMACNA
CONSTRUCTION GUIDELINES, FOR ALL
MITERED RECTANGULAR TURNS OF 45
DEGREES OR MORE.

26. ALL EQUIPMENT PROVIDED WITH
FILTERS SHALL HAVE FILTERS IN PLACE AT
THE TIME OF STARTUP. ALL NEW FILTERS
SHALL BE INSTALLED AT THE TIME OF OWNER
OCCUPANCY, AND A COMPLETE SET OF
EXTRA FILTERS SHALL BE TURNED OVER TO
THE OWNER AT THIS TIME. IN THE EVENT
THAT CARE IS NOT TAKEN DURING INITIAL
OPERATION TO PREVENT CONTAMINATION OF
THE FILTERS WITH CONSTRUCTION DUST,
ADDITIONAL SETS OF FILTERS SHALL BE
PROVIDED TO PROTECT THE EQUIPMENT.

27. TOTAL STATIC PRESSURE NOTED IN FAN
SCHEDULES INCLUDES DUCT SYSTEM,
TERMINAL UNITS, FILTERS, COILS, ETC. AIR
HANDLER EXTERNAL STATIC PRESSURE DOES
NOT INCLUDE COILS, CLEAN FILTERS OR ANY
OTHER PRESSURE DROPS ASSOCIATED WITH
ITEMS WITHIN THE AIR HANDLER ASSEMBLY
EXCEPT FILTER DIRT LOADS.

28. PROVIDE ALL CONTROLS NECESSARY
TO OPERATE EQUIPMENT AS SHOWN OR
DESCRIBED, INCLUDING VALVES,
ACTUATORS, HERMOSTATS, DAMPERS, ALL
ACCESSORY DEVICES AND POWER.

29. PROVIDE ADDITIONAL INPUT/OUTPUT
POINTS AS REQUIRED TO IMPLEMENT
CONTROL SEQUENCES SPECIFIED.

30. PROVIDE DISCONNECTS AND MAGNETIC
STARTERS (OR RELAYS WITH OVERLOAD
PROTECTION FOR SINGLE PHASE) FOR ALL
EQUIPMENT SUPPLIED UNDER DIVISION 23
WHICH IS SPECIFIED TO HAVE FACTORY
CONTROL PANEL. POWER WIRING AND
CONDUIT TO THESE DEVICES AND BETWEEN
THESE DEVICES AND MECHANICAL
EQUIPMENT, IF REQUIRED, SHALL BE
SUPPLIED UNDER DIVISION 26. FOR
EQUIIPMENT NOT SPECIFIED TO HAVE A
CONTROL PANEL, DISCONNECT AND STARTER
SHALL BE PROVIDED UNDER DIVISION 26.

31. SEISMIC BRACING DESIGN AND LAYOUT
DRAWINGS SHALL BE PREPARED BY A
REGISTERED STRUCTURAL ENGINEER
LICENSED IN THE STATE OF KENTUCKY. SAID
ENGINEER SHALL HAVE DEMONSTRABLE
EXPERIENCE IN THE DESIGN OF SEISMIC
BRACING FOR MECHANICAL & PLUMBING
SYSTEMS. DESIGN SHALL BE SUBMITTED FOR
APPROVAL BY THE ENGINEER OF RECORD.
ALL MECHANICAL EQUIPMENT SPECIFIED
HEREIN HAS AN IMPORTANCE FACTOR OF 1.5.
SEE STRUCTURAL DRAWINGS FOR
ADDITIONAL CRITERIA.

THIS DOCUMENT IS THE PROPERTY OF
GRW ENGINEERS, INC. AND SHALL NOT
BE REPRODUCED IN WHOLE OR IN PART
OR USED FOR CONSTRUCTION OF

ALL RIGHTS RESERVED:

GRW PROJECT NO. 05056-01
CLIENT PROJECT NO. BG 23-173

OTHER THAN THIS SPECIFIC PROJECT

WITHOUT WRITTEN PERMISSION

ENGINEERING - ARCHITECTURE - GEOSPATIAL

WWWw.grwinc.com

MECHANICAL
LEGEND, SYMBOLS AND GENERAL NOTES
KENTON COUNTY SCHOOL DISTRICT SUPPORT OPERATIONS
CENTER
11800 TAYLOR MILL ROAD, INDEPENDENCE, KY, 41051
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VCD

20° MAX. 1

| S—

90°TEES  piixay)2

R2=X+Y

—_—

VCD ' VCD 9 Q‘%D
R2 y R2
R1 YW2 R1

R1=(W1+W2)/2
R2=W1+W2

X ORY LESS THAN 12 INCHES

{° E
90 RADIUS ELBOWS

R2
R R1 Y
R=D D
OFFSETS
D LESS THAN 12 INCHES USE RADIUS: R1=(X+Y)/2
FOR D OF 12 INCHES OR MORE USE: R2=X+Y
X OR Y LESS THAN 12 INCHES
B CFM. A CFM B CFM. A CFM, X .
Y -— J{ Y Jr
VCD VCD x| VCD 7
C CFM / C CFM f \ L=1/4W, - 45
, 4 INCHES MIN. W VCD
CCFM, vy \ C CFM, vy VCD
A CFM E! VCD A CFM
RECTANGULAR VANED ELBOW
. 15xD . i
VCD
D K 20° MAX.

ROUND DUCT TAKEOFF
FROM RECTANGULAR MAIN

BRANCH TAKEOFFS

VCD

RETURN SYSTEMS ONLY

RECTANGULAR DUCTWORK DETAILS

1 NOT TO SCALE

FLEXIBLE DUCT. SEE

PLAN FOR SIZE —\
A0

@
, L 1" WIDE x 20 GA.
o]

OVER SCREWS

1/8" MAX. GAP.— |=~—

FLEXIBLE DUCT
CONNECTION DETAIL

6 NOT TO SCALE

DUCT OR EQUIPMENT
/ COLLAR
TAPE AROUND SNUGGLY

TWO WRAPS PRIOR TO
INSTALLING STRAP

STRAP

W/ CLAMP SCREW

| ——— OUTER EDGE OF COLLAR

SECURE STRAP w/ SHEET
METAL SCREWS 3" O.C.
MAX. HOOK SPIRAL WIRE

USE GALVANIZED VANES FOR GALV.
OR ALUMINUM DUCTS
— PLATE SAME THICKNESS AS DUCT —

‘7 VANES PRE-ASSEMBLED ON RUNNER PLATES

>
FF‘

o
-
>

G

fé_
S =\l /] >
G

31/4" 1

11/2" —=

\ 5
\ DUCT SIZE 24"X24" OR UNDEE\ DUCT SIZE 24"X24" OR UNDER
SQ. ELBOW WITH TYPE "A" SQ. ELBOW WITH TYPE "B"

DOUBLE THICKNESS VANES DOUBLE THICKNESS VANES

1"X1"X1/8" ANGLE CLIPS USED AS

SUPPORT AT BOTH ENDS OF VANE
AND RIVETED TO PLATE OR VANES
WELDED TO PLATE WITH CLIPS.

WELD OR RIVET —~1/2" WELD OR RIVET /4"
EDGE EDGE
- S
&
2 1/4"R o
[o) N
47 47
21/4" | 21/4" L
’IV 1
TACK WELD TO VANE TACK WELD TO VANE

TYPE "B" VANE USED IN DUCTS
24"x24" AND UNDER SAME GAGE
THICKNESS AS DUCT.

TYPE "A" VANE CONSTRUCTION

TYPE "A" VANE USED IN DUCTS OVER
24"x24" SAME GAGE THICKNESS AS
DUCT NOT TO EXCEED 20 U.S. GAGE.

TYPE "B" VANE CONSTRUCTION

TYPICAL TURNING VANE

2 NOT TO SCALE

\

15° TYP.

15° TYP.

f

PLAN OR SIDE VIEW

DUCT TRANSITION

20° MAX. TYP, 30° MAX. TYP.

FLOW

FLOW 4

A\

EQUIPMENT

PLAN OR SIDE VIEW

NOTE:
1.  UNLESS OTHERWISE INDICATED ON PLANS,
MAXIMUM ANGLES SHOWN SHALL APPLY.

DUCT TRANSFORMATION WITH
EQUIPMENT IN DUCT

DUCT AND EQUIPMENT
TRANSITION DETAIL

NOT TO SCALE

SUPPORT AS REQ.

FABRICATE FROM
FIRE-RETARDANT 1"
FIBERGLASS DUCT
BOARD, HOT IRONED
& REINFORCED W/
CLOTH TAPE

FULL NECK SIZE
MITERED ELBOW

- NO VANES

OUTSIDE DIMENSION N
TO FIT GRILLE AND
CEILING GRID

HEIGHT TO CLEAR
LIGHT FIXTURES BY
2" (MIN. 6")

MAX  NOM. INSIDE

/ CFM W H

300 10 8
410 10 10
520 10 12
640 10 14
770 10 16
900 10 18

RETURN AIR

TRANSFER AIR GRILLE
SOUND TRAP DETAIL

1 O NOT TO SCALE

1 1 |
QYP
d D d -
S D <> T '43
~ ) s ~
S !
1 1 OBD
OBD OBD
MAIN
EXHAUST
RISER
i MAIN
) EXHAUST
) RISER
g, ), N\
D

SUPPLY BRANCH PLAN VIEW

SINGLE LINE

RETURN/EXHAUST BRANCH PLAN VIEW

NOTE:
L=1/4W (4" MIN.)

VOLUME DAMPER
PROVIDE CONCEALED

_ ~ ~ DAMPER REGULATOR
/ |
45° A/
< // g )L
A =
7 N
w

NOTE:

1. INSTALL OBD Il ALL BRANCH SUPPLY & RETURN AIR DUCTS
AT ALL RISER CONNECTIONS. (TYPICAL)

BRANCH DUCT DAMPER DETAIL

3

NOT TO SCALE

PRE-INSULATED FLEX
DUCT. SEE SCHEDULE
FOR SIZE

ADAPTER FITTING
AS REQUIRED

[

NOTE:
DAMPERS SHOULD NOT BE INSTALLED CLOSER THAN
TWO DUCT WIDTHS TO ELBOWS OR INTERSECTIONS.

BRANCH DUCT
TAKE-OFF DETAIL

4 NOT TO SCALE

TWIST-LOCK FITTING WITH
VOLUME DAMPER & 1"
INSULATION BUILD-OUT

SUPPLY DUCT
RECTANGULAR DUCT SIZE

AS NOTED ON DWGS.

SHEET METAL 3
SCREWS

AIR DIFFUSER 4/_'_‘7

NOTE:

4

OUTSIDE AIR INTAKE
SEE SCHEDULE FOR
THROAT DIMENSIONS

BIRD SCREEN ALL AROUND

FOAM RUBBER GASKET
ALL AROUND CURB CAP

UNIT CURB CAP
NAIL ROOFING TO CURB

SECURE UNIT TO CURB W/
CADMIUM PLATED SCREWS

6" O.C. MIN. 2 PER SIDE
FACTORY PRE-FABRICATED\\ =

SHEET METAL SCREWS AND
DUCT SEALANT ALL AROUND

o o i

L VAPOR SEAL FLEX DUCT
TO SUPPLY DUCT

VARIABLE AIR VOLUME UNIT

1 3/16" DRAW BAND

\ CEILING

1. NO FLEXIBLE DUCT ALLOWED OVER SECURE OR GYPBOARD CEILINGS.

DIFFUSER INSTALLATION DETAIL

FOUR DUCT DIAMETERS OF
STRAIGHT INLET DUCT (36"
MIN.) SIZE OF TERMINAL UNIT

TRANSITION TO MATCH
DUCT SIZES ON PLANS

DISCHARGE DUCT

IF SIZE IS NOT INDICATED ON THE PLANS, IT SHALL MATCH THE

VAV TERMINAL INLET SIZE.

8 NOT TO SCALE

ol /]

VAV BOX DETAIL

9 NOT TO SCALE

ol /1]

RECTANGULAR TO ROUND
TAKEOFF CROWN PRODUCTS

330-DS, OR EQUAL

CLAMP (PLASTIC

D=

—_——

SHEET METAL ELBOW
OR BOX TO MATCH

REQUIREMENTS

] SHEETMETAL DUCT igiéi'PSBTLE) DIFFUSER
+ FLEX DUCT W/
= 1" INSULATION
m 7
‘g% - —S =TT TN e L] i<
zX CLAMP
s z MANUAL DAMPER W/ ROUND SHEET METAL DUCT,
2 LOCKING QUADRANT EXTERNALLY INSULATED
i i
TYPICAL DIFFUSER &
BRANCH TAKE-OFF DETAIL
1 1 NOT TO SCALE

CURB

NOTE:
SEE ARCHITECTURAL & STRUCTURAL SHEETS FOR CURB
INSTALLATION, FLASHING, AND FRAMING.

OUTSIDE AIR INTAKE
ROOF MOUNTING DETAIL
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TYPICAL ROOFTOP HVAC UNIT

z CONDENSATE DRAIN
, | MIN. 10 FT. LENGTH

TOWARD NEAREST

i ROOF DRAIN.

[~——— FLEX CONNECTION

RTU-
12" Mml 1j_/VENT
CD
TYPICAL FULL
ROOF — PERIMETER
‘ | EQPT. CURB ]
<
[ ~
HANG DUCTS PER ,<x><><><><><
SMACNA STANDARDS. —
0, ASUIE 1" INTERNAL
<SUPPLY 2, RETURN | INSULATION FOR
DUCT J[) DUCT __ | 5 FEET BEYOND
= DROP
ALTERNATE FLEX k
CONN. LOCATION / TURNING VANES ON BOTH DUCTS

NOTE:

SEE ARCHITECTURAL & STRUCTURAL SHEETS FOR CURB
INSTALLATION, FLASHING, AND FRAMING.

@ TYPICAL ROOFTOP UNIT DETAIL

FLOW — = S

1/8" COPPER LINE TO
NEAREST DRAIN

AUTOMATIC MAIN AIR
VENT (SEE SPECS)

_— BOILER DRAIN

\ BALL VALVE

TYPICAL AUTOMATIC AIR
VENT (AAV) END OF MAIN
(RETURN RISERS) DETAIL

5 NOT TO SCALE

SEE PLANS FOR
DUCTWORK
CONTINUATION

\

\
A}

ELECTRICAL ACTUATOR |—— "~

WALL FRAMING
FLASHING &
SLEEVE

HORIZONTAL
DISCHARGE
EXHAUST FAN

(WHERE SPECIFIED) = e

BACKDRAFT DAMPER

(WHERE SPECIFIED) N

CONDUIT HOLE ]

|

NOTES:

1. SEE ARCHITECTURAL & STRUCTURAL SHEETS FOR
FRAMING INSTALLATION, FLASHING AND FRAMING.

2. SEE SPECIFICATIONS FOR DUCTWORK REQUIREMENTS.

TYPICAL WALL MOUNTED
OUTBLAST EXHAUST FAN DETAIL

9 NOT TO SCALE

2

ELECTRICAL
ACTUATOR

(WHERE SPECIFIED)

DOME TYPE SPUN

ALUMINUM ROOF
EXHAUSTER
“—q )
)
FACTORY
PREFABRICATED
H . CURB
% 7 7 7 7 A
/7 7 7 7 X]
™~ CONDUIT HOLE

NOTES:

BACKDRAFT DAMPER
(WHERE SPECIFIED)

1. SEE ARCHITECTURAL & STRUCTURAL SHEETS FOR
CURB INSTALLATION, FLASHING AND FRAMING.

2. SEE SPECIFICATIONS FOR DUCTWORK
REQUIREMENTS.

TYPICAL ROOF EXHAUST FAN DETAIL

DRAIN LINE SHALL BE AT LEAST THE
SAME SIZE AS THE NIPPLE ON THE
DRAIN PAN

CLEAN OUT

PITCH DOWN TOWARD DRAIN ‘\

Pic

] A

\ DRAIN PAN

- N

_——PIPE TO NEAREST
ROOF DRAIN OR

NOT TO SCALE

FLOW

b

1/8" KEY-TYPE

AIR VENT

NOTE:

DO NOT USE THIS

TYPE AIR VENT FOR
PIPING ABOVE FINISHED
CEILINGS.

TYPICAL MANUAL AIR VENT (MAV)

NOT TO SCALE

WITH WASHERS, NUTS & BOLTS j\

(

)

w'/ MIN. 3/8" EYE-BOLTS SECURED

RINGS -
BOLTS \

HANGER STRAPS
-M-/

MIN. 1" x 1/8" \

O N

e

ANGLE RINGS /

MIN. 3/8" THREADED RODS W/
NUTS ON BOTH SIDES OF CLAMP

(

e

)

10

ROUND DUCT HANGERS

_N.

1"

FLOOR DRAIN

A= APx1"

B= APx15"

AIR HANDLING UNIT DRAIN TRAP

NOT TO SCALE

NOT TO SCALE

60" MAX.

UNLESS FOOT OF STRAP
IS PLACED UNDER A BOT.

HANGER STRAPS
REINFORCEMENT '7

v . . ‘I‘~\\\\\\\\\\_—
T SCREWS

SCREWS MAY BE OMITTED
IF HANGER LOOPS

TYPICAL DUCT HANGER

7 .T.NOT TO SCALE

\ \ \

STEEL BEARING FLAT WASHER

PLATE ! HEX NUT (2)

1/2" ROD

(TYP) VIBRATION
ISOLATOR

1/2" x 6" ROD W/

R.H. AND L.H. L.H. THREAD

THREAD
HEX NUT

FLAT WASHER LOCK WASHER
4" x 3" x 1/4"

FLAT WASHER STEEL ANGLE

LOCK NUT

SUPPORT DETAIL
TYPICAL LIGHT EQUIPMENT

4 NOT TO SCALE

HANGER ROD

INSULATION (VAPOR
BARRIER TYPE IS

REQUIRED FOR LOW
TEMPERATRUE PIPE)

PROVIDE HIGH COMPRESSIVE
STRENGTH INSULATION INSERT
UNDER INSULATION SHIELD

>
e ST oo
RRHRIIRRHNRAS
SRR
RS

’0

XX

INSULATION SHIELD AT
HANGER

0%

ADJUSTABLE CLEVIS HANGER

TYPE 1IN SPECIFICATIONS

|NSULAT|ON\
WELD
SADDLE
E-\/

HANGER ROD

1/2" DIA. HANGER RODS

WITH 36" MAX. SPACING

ON EACH CHANNEL \,_

PROVIDE INSULATION

SHEILD & INSERT FOR
ALL PIPING

XX

ADJUSTABLE ROLLER HANGER

TYPE 43 IN SPECIFICATIONS

BAND

n

(oo

SIDE VIEW

15/8"-12 GA.
CHANNEL OR 2"x2"x1/4"
ANGLE

TRAPEZE HANGER FOR UP
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TO 1000 LB. UNIFORM LOAD
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NOM SlZE THRU 3/4" ] 1 1/4"1 1/2" 2;1 2 1/2' 3;1 41) 5;1 6" 8" 10" 12" 1411 18" 18" 20" 241)
PIPE 7 FT. 7 9 M0 M 1211416 |17 1922|2325 | 27|28 | 30| 32
TUBING 5 FT. 7 8 8 9 10112 113 |14 | 16 | — - - - - - -
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BUTTERFLY
VALVE ~_
FLEXIBLE
CONNECTOR \

ALLOW FOR

STRAINER REMOVALi

SUCTION DIFFUSER

BUTTERFLY VALVE

/— TRIPLE-DUTY
VALVE

FLEXIBLE

—] CONNECTOR

PRESSURE
@'f GAUGE

pl— PROVIDE OSHA COUPLING
/ GUARD AS REQUIRED
U

)
_—

N

4" THICK

3/4" DRAIN BALL VALVE_/ /H
PIPE TO FLOOR DRAIN

CONCRETE PAD

ADJUSTABLE SUPPORT /

TYPICAL BASE MOUNTED CENTRIFUGAL PUMP DETAIL

1 NOT TO SCALE

FLUE

0

COMBUSTION

AIR
N
N—1

FLUE
Y
N—1
COMBUSTION
AIR
R
N—1

HYDRONIC PRIMARY/SECONDARY PIPING DETAIL

4 NOT TO SCALE

FROM AIR
SEPARATOR

ASME WATER
PRESSURE RELIEF
TO AIR VALVE RATED FOR
SEPARATOR HEAT SOURCE OUTPUT

PRESSURE GAUGE
W/ COCK

—-—— BALL VALVE

DIAPHRAGM TYPE
PRESSURIZED = W/ LOCK SHIELD
EXPANSION TANK N UNION

\

EXPANSION TANK DETAIL

7 NOT TO SCALE

E% SEE DETAIL FOR MAKE-UP WATER,
AIR SEPARATOR AND EXPANSION
TANK DETAILS

WATER METER

COLD WATER
MAKE-UP

EXP-1

8

SUPPORT PIPING FROM
ABOVE TO ELIMINATE

LOAD ON FLEX PROVIDE PRESSURE/TEMPERATURE
CONNECTORS OR A READOUT PLUGS ON BOTH LINES

PUMP CASING
\‘Q
>
4

EROWDE COMPOUND

3-FUNCTION VALVES,

LINE SIZE
GAUGE W/ SNUBBER
(SCALE APPROPRIATE FULL PORT BALL OR PUMP PUMP DISCHARGE
TO PRESSURE) BUTTERFLY VALVES SUCTION
WITH MEMORY LOCK
(LINE SIZE) L
FLEX PUMP CONNECTOR,
LINE SIZE (TYP. OF 4) 8 BY-PASS TYPE
N CHEMICAL
FEEDER
LONG TAPERED ¢
INCREASER FROM PUMP
1"x1/8" GALV.
DISCHARGE SIZE i ey
1/4" LEVER GAUGE COCKS S/ ANCHOR TO WALL
NG (TYP. OF 4) 2
NEW PUMP :'/74/ N~
q ~~— ,
W) 3/4" PLYWOOD
PROVIDE SHELF. ANCHOR
CONCRETE PAD - TO WALL. PAINT
SEE DETAL BALL VALVE (TYP.) PER SPECS
3/4" BOILER DRAIN
USE SUCTION DIFFUSER /
FOR VERTICAL SUCTION 3
LINES, 20 DIA. STRAIGHT =
PIPE AND STRAINER FOR
HORIZONTAL INLETS FLOOR
3 NOT TO SCALE 3 NOT TO SCALE
STRAIGHT |MIN.LENGTH | TYPICAL
RUN LENGTH e EXPANSION
(FT.) (IN.) (IN.)
50 12 +/-1 5Y.
100 24 +1-2 AS BURNEE
150 36 +1-3 CUREJaMB
200 46 +/-4 p CA 70 SgETION [
250 57 +-5 R U
STD. REFLECTOR EFLEGTUOBOU s5) (2){ ;,J\,SGO'V’B
RN02T% g (BRAG 2
LOOKW EXTEND TO DOMESTIC
SHEET MTL. SCREWS S OLD WATER LINE
TYP. APPLICATION OF 57607 y
REFLECTOR JOINT PIECE AATE D
P/N 02750900 RUN LENGTH TFONEN
( Y) BACK FLOW PREVENTER
ONE AMBER WITH INTERMEDIATE
)ClP) ATMOSPHERIC VENT
T .
BALL VALVE (TYP.)
REFLECTOR END CAP
P/N 02750900
"U" CLIPS 114"
P/N 91107700
—FILTER
| 1-1/4" BY-PASS LOOP
E
FTTH%U UNION (TYP.)
/ 16-3/4"
PRESSURE
CLEARANCE FOR REDUCING
BURNER REMOVAL VALVE

\
HORIZONTAL LINE

STD. REFLECTOR

EXTEND TO EXPANSION
TANK AS SHOWN

RADIANT HEATER DETAIL - TYPICAL ASSEMBLY 6 MAKE-UP WATER STATION DETAIL
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1/4" O.D. COPPER
VENT TUBE

3-WAY CONTROL VALVE
(WHERE APPLICABLE)

BALANCE/SHUT-OFF VALVE
HW RETURN SEE
PLAN FOR SIZE

‘ RETURN

— FULL SIZE BY-PASS WITH BALANCING
P/T VALVE (WHERE APPLICABLE)
PLUG
HW SUPPLY SEE
PLAN FOR SIZE

UNION (TYP.)

.

H
i

SUPPLY
% BALL VALVE
1/2" DRAIN W/ DRAIN
HEATING COIL VALVE & MALE HOSE
COUPLING

\
\~ 1/4" PET COCK \
CEILING (WHERE APPLICABLE)

HOT WATER COIL PIPING DETAIL
(3-WAY CONTROL VALVE)

NOT TO SCALE

1/4" O.D. COPPER
VENT TUBE

UNION (TYP.)

PLAN FOR SIZE

RETURN

A | BALL VALVE
‘\ HW RETURN SEE
I
)

2-WAY CONTROL VALVE
PIT BALANCE/SHUT-OFF VALVE

HW SUPPLY SEE
PLAN FOR SIZE

C I ‘ I I ‘ ‘ ‘ SUPPLY
\ 1/2" DRAIN W/ DRAIN

HEATING COIL VALVE & MALE HOSE
COUPLING

\
\~ 1/4" PET COCK \
CEILING (WHERE APPLICABLE)

HOT WATER COIL PIPING DETAIL
(2-WAY CONTROL VALVE)
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EXTERNAL DUCT
INSULATION

DUCT TRANSITION TO SUIT FAN
DISCHARGE, DUCT OR GRILLE AS

NOTED ON DRAWING

PROVIDE WEEP

LOUVER SLEEVE
%U S GASKET
SEE ARCHITECTURAL
DWGS. FOR DETAILS HEAD /
OF HEADS, SILLS, & GASKET ;
JAMBS |
|
ANGLE
Qb
MIN. LENGTH TO
SUIT DAMPER USE MOTOR OPERATED
DRAINABLE LOUVER p, | DAMPER AS SHOWN
SHOWN. SEE {4 { HERE, OTHER DAMPER
SCHEDULES AND v TYPE OR NO DAMPER AS
SPECIFICATIONS ,~BIRD SCREEN NOTED, SCHEDULED, OR
FOR TYPE USED — | | &FRAME SHOWN ON DRAWINGS
! S
|
|
ANGLE
HOLES IN FRAME ——— =} GASKET
|

SILL

(%

NOTES:

1.

2.

PROVIDE ACCESS PANEL TO
DAMPER OPERATOR
WHEREVER LOCATED

PITCH SLEEVE TOWARD LOUVER. PROVIDE
DRAIN IN LOW POINT IN DUCT. TERMINATE
DRAIN LINES NEAR FLOOR DRAIN.

MIN. 16" GA. GALVANIZED STEEL SLEEVE.

LOUVER AND DAMPER DETAIL

NOT TO SCALE

2 HR. RATED, NON-
/ﬁ_\ HARDENING RESILIENT )
| SEALANT BOTH SIDES. 1" MIN.

DUCT

APPROVED FIRESTOPPING.

PIPE Kg

4

NOTE: VERTICAL PIPE AND DUCT
PENETRATIONS SIMILAR.

TYP. FOR PENETRATIONS OF RATED WALLS.
DETAIL IS SIMILAR FOR NONRATED WALLS
EXCEPT SEALANT CAN BE NONRATED.

DETAIL SIMILAR FOR FLOOR SLAB PENETRATIONS
EXCEPT PIPE SLEEVE EXTENDS 1" ABOVE SLAB,
AND DUCT PENETRATIONS INCLUDE A 4" CURB.

éé//_ 2 HR. RATED, NON-
HARDENING RESILIENT

SEALANT BOTH SIDES.
APPROVED FIRESTOPPING.

\ STEEL PIPE SLEEVE

DUCT & PIPE RATED WALL PENETRATION DETAIL

4 NOT TO SCALE

ROUGHEN FLOOR

CONCRETE BASE
UNDER BASE \
FINISHED — —— . .
FLOOR ' =
\ . K < . R
T e " a : / A' a ' ﬂ
. \ . s . o .
6 X 6 X 6/6 W.W.F., 2" COVER
4“ _
DOWEL & SET 4
DOWELS X 8 X 2

2

NOTE:

CONCRETE BASE SHALL BE 4" LARGER ALL AROUND THAN THE BASE
OF THE EQUIPMENT BEING SUPPORTED UNLESS OTHERWISE NOTED.

TYPICAL CONCRETE PAD DETAIL

NOT TO SCALE

TYPICAL PIPING
PENETRATIONS

THROUGH ROOF CURB.
REFRIGERANT PIPING —

AND ELECTRICAL

CONNECTION SHALL BE

ROUTED THROUGH
THESE OPENINGS

COORDINATE
INSTALLATION WITH
ROOFING
CONTRACTOR

3

COORDINATE LENGTH WITH EQUIPMENT MANUFACTURER

oo

OO0

AN

SN\

QNN

AN

G I

1| \

)
CONSTRUCTION NOTES:

1) 14 GAUGE GALVANIZED BASE AND GUSSETS \ \
18 GAUGE GALVANIZED COVER \ \

2

)
3)
4)
5)
6)

FULLY INSULATED CURB WITH RIGID INS.

2" x 4" WOOD NAILER

PIPE CURB WITH WATERTIGHT SEAL TO COVER
STEP BOOTS AND STAINLESS STEEL CLAMPS

INCLUDED \

\

: |

DISCONNECT MOUNTING
FRAME DETAIL

PLATFORM WITH 3/4" PLYWOOD™ \ :L—’ \

NOTES:

1.

2.

\— 18"-TALL ROOF CURB FOR OUTDOOR
UNIT INSTALLATION

SEE ARCHITECTURAL & STRUCTURAL SHEETS FOR CURB
INSTALLATION, FLASHING AND FRAMING.

DETAIL APPLIES TO BOTH MINI-SPLIT & CRAC CONDENSING
UNITS.

CONDENSING EQUIPMENT ROOF CURB DETAIL

NOT TO SCALE

STANDARD WALL MOUNT WITH SWIVEL BRACKET

CEILING

ISOMETRIC VIEW

WALL

AIRFLOW
8 [+
| 85"
MIN
WS
SIDE VIEW
NOTE:

MAINTAIN SERVICE CLEARANCE
AROUND UNIT AS REQUIRED BY
MANUFACTURER AND LOCAL
ELECTRICAL CODES.

of od
of o
of ° o

WALL

8"

MIN
A
FRONT VIEW
6'-0"
MIN
!
FLOOR

ELECTRIC WASH-DOWN UNIT HEATER

5

NOT TO SCALE

DEFLECTOR DISK &
FRESH AIR INTAKE

S

/— FLUE VENT TERMINAL

—J =

OVERALL HEIGHT PER
NFPA 54

MAX SNOW LEVEL, 12" MIN.
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ANCHORS

COMBUSTION AIR

INTAKE ——___ |

14
TWO 1/2"d ALL % I

THREAD RODS

DIRECTION%,
LOUVERS

TYPICAL GAS UNIT HEATER DETAIL

N GAS MAIN
L CONCENTRIC VENT BOX
ASSEMBLY

S/

TN T

LT, /™

="

>

EXHAUST
VENT

DIRECT VENT EXHAUST FLUE.
SIZE AND CONFIGURATION BY
MANUFACTURER. PITCH DOWN
TO OUTLET.

ACHORS AND RODS BY

o MECHANICAL CONTRACTOR

\UNIT HEATER

(M)
¥ VENT GAS REGULATOR

INTO COMBUSTION
CHAMBER
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PUMP SCHEDULE
FLOW HEAD CONNECTIONS ELECTRICAL
MARK MANUFACTURER MODEL PV il RPM T OURES = T Tk TR REMARKS
P-1 TACO VR15M 21 36 4200 2" 2" 06 120/1/60 5 20 1235
P-2 TACO VR15M 21 36 4200 2" 2 06 120/1/60 5 20 1235
P-3 TACO 1207D 28 50 1760 2" 2" 2 208/1/60 15 25 123,467
P-4 TACO 1207D 28 50 1760 2" 2" 2 208/1/60 15 25 12,3467
REMARKS:
1. PUMPS SHALL BE 100% AND 100% BACKUP WITH LEAD/LAG OPERATION.
2. PUMPS SHALL BE RATED FOR CONTINUOUS DUTY.
3. PROVIDE WITH HOA STARTER FOR EACH PUMP.
LOUVER SCHEDULE 4. BASE MOUNTED PUMP.
MARK MANUFACTURER MODEL INTAKE / SIZE CEM PRESSURE FREE AREA VELOCITY REMARKS 5. INLINE PUMP. INTERLOCK WITH BOILER OPERATION.
EXHAUST WIDTH HEIGHT | DEPTH DROP (IN) (SQ FT) (FPM) 6. PROVIDE WITH VFD BY DDC CONTRACTOR.
L-1 GREENHE CK ECD-401 INTAKE 26 26 4 940 0.040 19 487 ALL 7. PROVIDE WITH 6" HOUSEKEEPING PAD
L2 GREENHE CK ECD-401 INTAKE 40 40 4 2.390 0.039 5 479 ALL
L-3 GREENHECK ECD-401 INTAKE 52 44 4 3,560 0.039 7.4 478 ALL OTHER ACCEPTABLE MANUFACTURERS INCLUDE: BELL AND GOSSETT, ARMSTRONG. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.
REMARKS:
1. LOUVER COLOR SELECTED BY ARCHITECT
2. COORDINATE ALL LOUVER LOCATIONS WITH ARCHITECT AND ENGINEER PRIOR TO INSTALLATION
3. ALUMINUM CONSTRUCTION
4. DRAINABLE BLADES
5. PROVIDE INSECT SCREEN
6. PROVIDE WITH FACTORY MOUNTED DAMPER ACTUATOR. CONTROLS CONTRACTOR SHALL PROVIDE REQUIRED POWER TO ACTUATOR.
OTHER ACCEPTABLE MANUFACTURERS INCLUDE: RUSKIN, UNITED ENTERTECH. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS. CRAC UNIT SCHEDULE
NOM. N NS. IN ELECTRICAL
MARK MANUFACTURER MODEL CFM o /?P AC?SYOgTUi gip/sxcﬁ(\)/%wﬁ HUMDIFIER | MOTOR (HP) | ———— —wicA TS REMARKS
OUTDOOR UNIT
CRAC-1B LIEBERT PDX MCS056 i ; - ; ; 460/3/60 3.2 15 1-3, 47, 9
CRAC-2B LIEBERT PDX MCS056 - ; - ; i 460/3/60 3.2 15 1-3, 47,9
INDOOR UNIT
CRAC-1A LIEBERT PDX VS053 8000 187000 182500 INFRARED 4.0 460/3/60 56.5 70 1-2, 4, 7-8
CRAC-2A LIEBERT PDX VS053 8000 187000 182500 INFRARED 40 460/3/60 56.5 70 1-2, 4, 7-8
MINI SPLIT SYSTEM SCHEDULE REMARKS:
NOM. COOLING | NOM. HEATING ELECTRICAL 1. DESIGN CONDITIONS: 95DB/78WB SUMMER, 80DB/62.7WB INDOOR.
MARK MANUFACTURER MODEL CFM SEER FAPATITY MED | capacy ma | HERTING BSPE s — = REMARKS 5 COOLING ONLY UNIT.
—_ T 3. FURNISH WITH CONTROL SYSTEM WITH REMOTE THERMOSTAT AND UNIT MOUNTED SCREEN DISPLAY. UNITS SHALL RUN ON LEAD/LAG CONTROL SYSTEM
= —r— ) o - = . = = m——— = T = e 4. WITH LOW AMBIENT CONTROL TO 0 F AND R-407C FOR OUTDOOR UNIT.
0U-2 DAKIN RKBO9AXVJU - 17 8.8 i i 208/1/60 15 6.95 15 139 5. PROVIDE WITH MERV 11 FILTERS.
03 CAKIN KOS U - - o5 : : p—— - oo - Py 6. PROVIDE WITH UNIT MOUNTED DISCONNECT SWITCH.
OOOR UNT 7. INSTALL PER MANUFACTURER'S INSTRUCTIONS
= T YT W - 5 - : - : - : — 8. OUTDOOR UNIT SHALL BE INSTALLED ON ROOF WITH CURB.
9. PROVIDE WITH INTEGRAL CONDENSATE PUMP.
MS-2 DAIKIN FTKBO9AXVJU 330 - 838 ] - ] - - - 1,39
MS-3 DAIKIN FTKBO9AXVJU 330 - 838 - ] - - - ] 1,3 59
UARKS. OTHER ACCEPTABLE MANUFACTURERS INCLUDE: TRANE, AIREDALE. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.
1. DESIGN CONDITIONS: 95DB/75WB OUTDOOR, 80DB/67WB INDOOR SUMMER: 5DB OUTDOOR, 70DB/60WB INDOOR WINTER.
2. COOLING AND HEATING UNIT.
3. FURNISH WITH WIRED REMOTE CONTROLLER / THERMOSTAT
4. PROVIDE WITH CONDENSATE PUMP
5. INDOOR UNIT SHALL BE WALL MOUNTED UNIT.
6. INSTALL PER MANUFACTURER'S INSTRUCTIONS
7. INDOOR UNIT SHALL BE POWERED BY OUTDOOR UNIT.
8. COOLNG ONLY UNT GAS FIRED BOILER SCHEDULE
9. PROVIDE LOW AMBIENT COOLING PACKAGE.
MIN. GAS MBH MBH FLUE ELECTRICAL
MARK MANUFACTURER MODEL SERVICE EWT LWT GPM REMARKS
OTHER ACCEPTABLE MANUFACTURERS INCLUDE: LG, MITSUBISHI. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS. PRESS. INPUT OUTPUT SIZE VioiHz MCA Moce
B-1 LAARS LFTHF 199 HYDRONIC 470 14" 199 182 140 160 28 2 115/1/60 4 15 ALL
B2 LAARS LFTHF 199 HYDRONIC 470 14" 199 182 140 160 28 2 115/1/60 4 15 ALL
REMARKS:
1. CONDENSING TYPE BOILER WITH MINIMUM 10:1 TURNDOWN RATIO
2. PROVIDE WITH DIRECT VENT OPTION
3. PROVIDE WITH SEALED COMBUSTION
4. MINIMUM NATURAL GAS PRESSURE IS AT FULL LOAD
5. BOILERS SHALL BE INSTALLED PER MANUFACTURERS RECOMMENDATIONS
6. PROVIDE EMERGENCY GAS SHUT OFF VALVE AT ALL EXIT DOORS
7. PROVIDE WITH ASME RATING.
8. BOILERS SHALL OPERATE WITH LEAD/LAG OPERATION WITH THE ABILITY FOR BOTH BOILERS TO RUN FOR CERTAIN PERIODS OF TIME.
OTHER ACCEPTABLE MANUFACTURERS INCLUDE: AERCO, CLEAVER-BROOKS, LOCHINVAR. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.
ROOF TOP UNIT SCHEDULE
UNIT COOLING UE——
SUPPLY FAN EXHAUST FAN LAT COMPRESSOR
SEER o | oy | sz oey | e | amroy | size iy | DB E) | LWBE) | gy MBH) | STAGES | QTY | REFRIGERANT | V/@/Hz MCA MOCP
RTU-01 DAIKIN MPS050F 5276 102 16430 25 15 16390 05 1 538 53.1 547 1 440 6 Multiple 4 R410A 460/3/60 | 1168 125 ALL
REMARKS:
1. COOLING DESIGN CONDITIONS: EAT 80F DB / 67F WB AND 95F DB / 78F WB AMBIENT. 8. CONTROLS PROVIDED BY DDC CONTRACTOR.
2. PROVIDE ROOF TOP UNIT WITH ROOF CURB. 9. SEE SPECIFICATIONS FOR MORE INFORMATION
3. SINGLE POINT POWER CONNECTION WITH FACTORY INSTALLED DISCONNECT SWITCH AND 115V GFI CONVENIENCE OUTLET. 10. VFD'S ON SUPPLY AND EXHAUST FANS.
4. FAN CYCLING CONTROL OPTION 11. PROVIDE WITH PHASE PROTECTION.
5. HIGH AND LOW PRESSURE SWITCH. 12. PROVIDE WITH SMOKE DETECTOR SHUT DOWN.
6. COMPRESSOR SHORT CYCLE TIMER. 13. PROVIDE UNIT WITH 2", 30% EFFICIENCY PRIMARY FILTERS.
7. PROVIDE WITH HAIL GUARD.
OTHER ACCEPTABLE MANUFACTURERS INCLUDE: TRANE, AAON. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.
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EXHAUST FAN SCHEDULE

ESP DRIVE ELECTRICAL
MARK MANUFACTURER MODEL AREA SERVED CFM SONES RPM REMARKS
(IN H20) TYPE V/@IHz HP FLA
EF-01 GREENHECK CUE-100-a | 1T FLOORBATHROOMS AREA B, BUGROOMS, 2D | 1 0g0 0750 | 106 | DRecT | 1725 | useo/1| 13 7.2 ALL
FLOOR KITCHEN AREA B
EF-02 GREENHECK G-090-G 1ST FLOOR MALE/FEMALE LOCKER ROOMS AREA A 440 0.250 5.5 DIRECT 1,300 115/60/1 1/25 - ALL
EF-03 GREENHECK G-070-VG 2ND FLOOR BATHROOMS AREA A 170 0.250 2.9 DIRECT 1,313 115/60/1 1/15 1.3 ALL
EF-04 GREENHECK CUE-070-G 1ST FLOOR BATHROOMS AREA A 100 0.250 2.2 DIRECT 1,300 115/60/1 1/60 - ALL
EF-05 GREENHECK CUE-090-E 1ST FLOOR ELEVATOR MECH ROOM, STAIR B 240 0.250 4.4 DIRECT 1,050 115/60/1 1/40 - ALL
EF-06 GREENHECK G-095-VG PARTS STORAGE, PARTS/INVENTORY 940 0.250 9.7 DIRECT 1,648 115/60/1 1/6 2.8 ALL
EF-07 GREENHECK GB-220 TIRE STORAGE 2,390 0.250 7.1 BELT 436 115/60/1 1/4 5.8 ALL
EF-08 GREENHECK GB-180 1ST FLOOR AREA D STORAGE ROOMS 2,060 0.500 7.4 BELT 765 115/60/1 1/3 7.2 ALL
EF-09 GREENHECK SBE-1L24 MAINTENANCE/INSPECTION BAYS 4,400 0.125 10.8 BELT 589 115/60/1 1/3 7.2 1,2
EF-10 GREENHECK SBE-1L24 MAINTENANCE/INSPECTION BAYS 4,400 0.125 10.8 BELT 589 115/60/1 1/3 7.2 1,2
EF-11 GREENHECK SBE-1L24 MAINTENANCE/INSPECTION BAYS 4,400 0.125 10.8 BELT 589 115/60/1 1/3 1.2 Tl
EF-12 GREENHECK SBE-1124 MAINTENANCE/INSPECTION BAYS 4,400 0.125 10.8 BELT 589 115/60/1 1/3 7.2 1,2
EF-13 GREENHECK SE1-14-432-VG WORKSPACES 1,510 0.125 6.1 DIRECT 1,242 115/60/1 1/4 3.8 1,2
EF-14 GREENHECK SE1-14-432-VG WORKSPACES 1,510 0.125 6.1 DIRECT 1,242 115/60/1 1/4 3.8 1,2
EF-15 GREENHECK SE1-12-432-E WAREHOUSE 550 0.125 4.2 DIRECT 1,050 115/60/1 1/20 - 1,2
REMARKS:
1. PROVIDE WITH UNIT MOUNTED DISCONNECT
2. PROVIDE WITH MOTORIZED DAMPER. CONTROLS CONTRACTOR SHALL PROVIDE REQUIRED POWER TO ACTUATOR.
3. PROVIDE WITH APPROPRIATE ROOF CURB (MIN. 12"). ROOF SLOPE SHALL BE CONFIRMED PRIOR TO ORDERING ROOF CURB
OTHER ACCEPTABLE MANUFACTURERS INCLUDE: CARNES, COOK. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.
AIR DEVICE SCHEDULE
MARK MANUFACTURER MODEL MAX CFM MODULE AIR PATTERN NECK MAXNC REMARKS
S-1 PRICE SCD 110 24X24 4-WAY 6 25 1,35
S-2 PRICE SCD 240 24X24 4-WAY 8 25 1,35
S-3 PRICE SCD 420 24X24 4-WAY 10 25 1,35
S+4 PRICE SCD 560 24X24 4-WAY 12 25 1,35
S-5 PRICE SCD 720 24X24 4-WAY 14 25 1,35
S-6 PRICE 620 230 4X8 DOUBLE DEFLECTION - 39 2
S-7 PRICE SDGE 2085 36X12 DOUBLE DEFLECTION - 30 2
S-8 PRICE 20 1030 18X10 SINGLE DEFLECTION - 30 2
R-1 PRICE 85 100 24X24 - 6 25 1,35
R-2 PRICE 85 200 24X24 - 8 25 1,35
R-3 PRICE 85 290 24X24 - 10 25 1,35
R4 PRICE 81 420 24X24 - 12 25 1,35
R-5 PRICE 81 530 24X24 - 14 25 1,35
R-6 PRICE 81 1100 24X24 - 16 35 1,35
R-7 PRICE 60 8000 34X34 - - - 2
E-1 PRICE 80 110 12X12 - 6 35 1,35
E-2 PRICE 80 180 12X12 - 8 35 1,35
E-3 PRICE 80 110 24X24 - 6 35 1,35
E-4 PRICE 80 330 24X24 - 10 35 1,35
E-5 PRICE 80 180 8X8 - - 35 2
E-6 PRICE 80 330 10X10 - - 35 2
E-7 PRICE 80 1080 18X8 - - 35 2
E-8 PRICE 80 1080 12X12 - - 35 2
T PRICE 80 80 12X12 - 6 35 1,35
T-2 PRICE 80 740 12X12 - - 35 2
REMARKS:
1. LAY-IN TYPE

2. DUCT MOUNTED

3. PROVIDE WITH WHITE FINISH

4. COORDINATE AIR DEVICE LOCATIONS WITH REFLECTED CEILING PLANS PRIOR TO INSTALLATION. LIGHTING HAS PRIORITY OVER HVAC
5. PROVIDE SQUARE TO ROUND ADAPTER AS REQUIRED

OTHER ACCEPTABLE MANUFACTURERS INCLUDE: TITUS. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.
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HVLS SCHEDULE

. COLOR BY ARCHITECT

D OB WN -

. SUPPORT FROM THE STRUCTURE
. PROVIDE WITH FIRE ALARM WIRING PIGTAIL.

. MOUNT AS HIGH AS POSSIBLE IN SPACE PER MANUFACTURER'S INSTRUCTIONS
. MAINTAIN 3-0" CLEARANCE FROM POSSIBLE OBSTRUCTIONS.
. PROVIDE WITH CENTRALIZED (WIRED) WALL-MOUNTED CONTROLLER TO CONTROL FANS WITH BAS CONNECTION. SEE DRAWINGS FOR LOCATIONS.

OTHER ACCEPTABLE MANUFACTURERS INCLUDE: BAF. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.

MARK MANUFACTURER MODEL MAX CFM o L Sl i REMARKS
RPM (LB) V/IDIHz FLA MCA MOCP
HVLS-01 GREENHECK DS-3-8 23,500 145 137.0 208/3/60 7 8.75 15.75 ALL
HVLS-02 GREENHECK DS-3-8 23,500 145 137.0 208/3/60 7 8.75 15.75 ALL
HVLS-03 GREENHECK DS-3-8 23,500 145 137.0 208/3/60 7 8.75 15.75 ALL
HVLS-04 GREENHECK DS-3-8 23,500 145 137.0 208/3/60 7 8.75 15.75 ALL
HVLS-05 GREENHECK DS-3-8 23,500 145 137.0 208/3/60 7 8.75 15.75 ALL
HVLS-06 GREENHECK DS-3-8 23,500 145 137.0 208/3/60 7 875 15.75 ALL
HVLS-07 GREENHECK DS-3-8 23,500 145 137.0 208/3/60 7 8.75 15.75 ALL
HVLS-08 GREENHECK DS-3-8 23,500 145 137.0 208/3/60 7 875 15.75 ALL
HVLS-09 GREENHECK DS-3-8 23,500 145 137.0 208/3/60 7 875 15.75 ALL
HVLS-10 GREENHECK DS-3-8 23,500 145 137.0 208/3/60 7 8.75 15.75 ALL
REMARKS:

ENGINEERING - ARCHITECTURE - GEOSPATIAL

WWW.grwinc.com

ELECTRIC HEATER SCHEDULE
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MARK MANUFACTURER MODEL TYPE CFM BTUH REMARKS
V/@IHz KW MCA MOCP
EUH-1 MARKEL AWH3150F WALL HEATER 100 5118 | 115/1/60 1.5 12.5 15 1-3
EUH-2 MARKEL AWH3150F WALL HEATER 100 5118 | 115/1/60 1.5 12.5 15 1-3
EUH-3 MARKEL AWH3150F WALL HEATER 100 5118 | 115/1/60 1.5 12.5 15 1-3
EUH-4 RUFFNECK CR1-480360-075 | CORROSIVE WASHDOWN | 700 25,600 | 480/3/60 7.5 13.13 30 1,4
EUH-5 RUFFNECK CR1-480360-075 | CORROSIVE WASHDOWN | 700 25,600 | 480/3/60 7.5 13.13 30 1,4
REMARKS:
1. INTEGRAL THERMOSTAT AND DISCONNECT
2. PROVIDE REQUIRED MOUNTING BRACKET FOR SURFACE MOUNTING.
3. COLOR TO BE SELECTED BY ARCHITECT
4. PROVIDE REQUIRED MOUNTING HARDWARE FOR WALL MOUNTING.
OTHER ACCEPTABLE MANUFACTURERS INCLUDE: TRANE, REDDI. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.
GAS FIRED RADIANT TUBE HEATER SCHEDULE
MARK MANUFACTURER MODEL LengtH | 7S NFORMATION FUEL FLUE ELECTRICAL REMARKS
INPUT (MBH) TYPE |[PRES INWG| IGNITION SIZE V/@IHz MCA MOCP
RH-1 ROBERTS GORDON CTH2V-150 40 150 NG 46-14 [HOT SURFACE 4 115/1/60 5 15 ALL
RH-2 ROBERTS GORDON CTH2V-150 40 150 NG 46-14 [HOT SURFACE 4 115/1/60 5 15 ALL
RH-3 ROBERTS GORDON CTH2V-150 40' 150 NG 46-14 [HOT SURFACE 4 115/1/60 5 15 ALL
RH-4 ROBERTS GORDON CTH2V-175 50' 175 NG 50-14 |HOT SURFACE 4 115/1/60 5 15 ALL
RH-5 ROBERTS GORDON CTH2V-175 50° 175 NG 50-14 |HOT SURFACE 4 115/1/60 5 15 ALL
RH-6 ROBERTS GORDON CTH2V-175 50° 175 NG 50-14 |HOT SURFACE 4 115/1/60 5 15 ALL
RH-7 ROBERTS GORDON CTH2V-175 50' 175 NG 50-14 |HOT SURFACE 4 115/1/60 5 15 ALL
RH-8 ROBERTS GORDON CTH2V-175 50' 175 NG 50-14  |HOT SURFACE 4 115/1/60 5 15 ALL
RH-9 ROBERTS GORDON CTH2V-175 50' 175 NG 50-14 |HOT SURFACE 4 115/1/60 5 15 ALL
REMARKS:
1. INSTALL AS HIGH AS POSSIBLE TO AVOID WORKING AREA BELOW
2. COORDINATE FLUE PENETRATIONS WITH ROOFING CONTRACTOR
3. PROVIDE WALL MOUNTED THERMOSTAT
OTHER ACCEPTABLE MANUFACTURERS INCLUDE: REZNOR, MODINE, SPACE RAY. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.
GAS FIRED UNIT HEATER SCHEDULE
— I—— — - GAS INFORMATION FAN MOTOR ELECTRICAL |  FLUE ELECTRICAL ——
INPUT (MBH) | OUTPUT (MBH) | HP AMPS SIZE V/QIHz MCA MOCP
GUH-1 REZNOR UBX 1793 105 87.2 3/4 13 4 115/1/60 195 30 ALL
GUH-2 REZNOR UBX 506 30 246 1/6 37 4 115/1/60 56 15 ALL
GUH-3 REZNOR UBX 759 45 36.9 1/6 37 4 115/1/60 56 15 ALL
GUH-4 REZNOR UBX 759 45 36.9 1/6 3.7 4 115/1/60 56 15 ALL
GUH-5 REZNOR UBX 506 30 246 1/6 3.7 4 115/1/60 56 15 ALL
GUH-6 REZNOR UBX 506 30 246 1/6 37 4 115/1/60 56 15 ALL
REMARKS:

1. HORIZONTAL GAS FIRED UNIT HEATER

2. PROVIDE FLUE AS REQUIRED BY MANUFACTURER AND ROUTE PER PLANS

3. PROVIDE WALL MOUNTED THERMOSTAT

4. INSTALL AS HIGH AS POSSIBLE
5. PROVIDE WITH DISCONNECT.

OTHER ACCEPTABLE MANUFACTURERS INCLUDE: TRANE, MODINE. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.
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EXPANSION TANK SCHEDULE
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TANK ACCEPTANCE
MARK |MANUFACTURER MODEL LOCATION REMARKS
VOLUME (GAL) | VOLUME (GAL)
ET-1 TACO CA215-125 | MECHANICAL ROOM 57 26.7 ALL
REMARKS:
1. ASME RATED
2. 100 PSIG PRESSURE RATING
OTHER ACCEPTABLE MANUFACTURERS INCLUDE: WESSELS, WATTS.
REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.
AIR SEPARATOR SCHEDULE
INLET/OUTLET MODEL FLOW | SYSTEM FLOW
MARK MANUFACTURER MODEL lrvrcstaeat et Pl iy REMARKS
AS-1 BELL & GOSSETT 4902ADM-125 o § ¥ 51 28 ALL
REMARKS:
1. ASME RATED COMPLETE WITH INTERNAL STRAINER AND AUTOMATIC AIR VENT
OTHER ACCEPTABLE MANUFACTURERS INCLUDE: ARMSTRONG, WESSELS
REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.
GRAVITY HOOD SCHEDULE
MARK MANUFACTURER MODEL INTAKE / EXHAUST CFM HEE REMARKS
WIDTH (IN) HEIGHT (IN) HEIGHT (IN) | AREA (SQFT)
GH-1 GREENHECK FGI INTAKE 19300 66 84 42 385 ALL
REMARKS:
1. UNIT TO INCLUDE 13.5" HIGH ROOF CURB. CONFIRM ROOF SLOPES PRIOR TO ORDERING
2. PROVIDE INSECT SCREEN
3. PROVIDE WITH BACKDRAFT DAMPER IN CURB
4. REFER TO SPECICATIONS FOR ADDITIONAL INFORMATION
OTHER ACCEPTABLE MANUFACTURERS INCLUDE: RUSKIN, UNITED ENERTECH. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.
VARIABLE AIR VOLUME BOX SCHEDULE
COOLING HEATING NC
TAG MANUFACTURER MODEL INLET (N) | DESIGN | DESIGN | MINIMUM | MINSP | DESIGN EAT LAT |CAPACITY| EWT _— CoIL COlL | DELTAT | WPD - — REMARKS
CFM APD (IN) CFM APD (IN) CFM F F MBH F ROWS CKTS F FT H20
VAV-01 ENVIRO-TEC SDR 12 2000 1 790 0.68 790 55 93.0 32.23 140 33 2 2 20 2.57 20 19 ALL
VAV-02 ENVIRO-TEC SDR 10 1300 1 290 0.48 290 55 98.2 13.21 140 1.19 2 2 20 0.4 19 15 ALL
VAV-03 ENVIRO-TEC SDR 04 180 1 50 0.06 50 55 105.0 253 140 0.24 2 4 20 0 19 24 ALL
VAV-04 ENVIRO-TEC SDR 04 220 1 70 0.04 70 55 85.0 2.39 140 0.26 1 1 20 0.08 21 26 ALL
VAV-05 ENVIRO-TEC SDR 04 130 1 30 0.03 30 55 97.2 1.32 140 0.12 1 1 20 0.02 - 20 ALL
VAV-06 ENVIRO-TEC SDR 04 130 1 30 0.02 30 55 95.6 1.18 140 0.1 1 2 20 0 _ 19 ALL
VAV-07 ENVIRO-TEC SDR 12 1680 1 160 0.69 160 55 95.1 7.1 140 0.66 2 4 20 0.02 24 20 ALL
VAV-08 ENVIRO-TEC SDR 04 150 1 60 0.04 60 55 105.3 2 81 140 0.25 ) 2 20 0.02 15 21 ALL
VAV-09 ENVIRO-TEC SDR 10 1310 1 680 0.70 680 55 97.7 30.83 140 2.81 3 3 20 0.71 19 15 ALL
VAV-10 ENVIRO-TEC SDR 04 300 1 30 0.05 30 55 97.9 1.29 140 0.12 1 1 20 0.02 23 29 ALL
VAV-11 ENVIRO-TEC SDR 04 200 1 50 0.07 50 55 105.3 277 140 0.19 2 4 20 0 20 25 ALL
VAV-12 ENVIRO-TEC SDR 04 160 1 80 0.05 80 55 99.9 3.58 140 0.31 2 2 20 0.03 16 2 ALL
VAV-13 ENVIRO-TEC SDR 08 670 1 560 0.70 560 55 98.0 25.56 140 2.31 4 4 20 0.3 18 - ALL
VAV-14 ENVIRO-TEC SDR 05 310 1 120 0.12 120 55 93.8 4.63 140 0.46 2 2 20 0.07 20 24 ALL
VAV-15 ENVIRO-TEC SDR 12 1400 1 1100 0.48 1100 55 96.3 485 140 4.88 3 3 20 2.54 - i ALL
VAV-16 ENVIRO-TEC SDR 04 160 1 170 0.05 170 55 93.1 6.64 140 0.68 2 2 20 0.13 16 22 ALL
VAV-17 ENVIRO-TEC SDR 05 320 1 210 0.18 210 55 98.4 9.7 140 0.87 3 3 20 0.1 21 24 ALL
VAV-18 ENVIRO-TEC SDR 05 320 1 140 0.13 140 55 93.6 5.69 140 0.58 2 2 20 0.1 21 24 ALL
VAV-19 ENVIRO-TEC SDR 08 650 1 210 0.29 210 55 94.9 8.87 140 0.87 2 2 20 0.2 16 : ALL
VAV-20 ENVIRO-TEC SDR 08 660 1 260 0.31 260 55 93.8 10.56 140 1.06 2 2 20 0.26 16 - ALL
VAV-21 ENVIRO-TEC SDR 08 670 1 310 0.45 310 55 99.6 14.78 140 1.29 3 3 20 0.2 16 - ALL
VAV-22 ENVIRO-TEC SDR 05 300 1 100 0.11 100 55 96.8 4.09 140 0.38 2 2 20 0.05 19 25 ALL
VAV-23 ENVIRO-TEC SDR 06 520 1 190 0.51 190 55 98.9 8.65 140 0.77 3 3 20 0.08 19 16 ALL
VAV-24 ENVIRO-TEC SDR 08 950 1 300 0.54 300 55 92.9 12.13 140 1.25 2 2 20 0.31 20 16 ALL
VAV-25 ENVIRO-TEC SDR 10 1080 1 360 0.36 360 55 96.7 15.84 140 1.48 2 2 20 0.47 16 - ALL
VAV-26 ENVIRO-TEC SDR 08 660 1 250 0.31 250 55 94.0 10.28 140 1.03 2 2 20 0.25 16 . ALL
REMARKS:

1. COOLING ENTERING AIR TEMPERATURE: 55F. HEATING ENTERING WATER TEMPERATURE: 140F.
2. PROVIDE DUCT-MOUNTED BIPOLAR IONIZATION DOWNSTREAM FROM EACH VAV BOX. GPSAIR DM2 USED AS BASIS OF DESIGN. DIVISION 23 CONTRACTOR RESPONSIBLE FOR WIRING AND INSTALLATION OF BIPOLAR IONIZATION UNIT.

OTHER ACCEPTABLE MANUFACTURERS INCLUDE: PRICE, NAILOR. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.
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glevTTEgH PRESSURE SWITCH PRESSURE SENSOR SPACE TEMPERATURE (°F) 2 VAV BOX D |AG RAM
@ o8 - (ADJUSTABLE SETPOINTS)
= as = &) &)

NOT TO SCALE

ROOF TOP UNIT RTU-01
SET POINT
FANS FUNCTION ADJUSTABLE REMARKS o
SUPPLY FAN SHALL RUN CONTINUOUSLY UNDER VFD CONTROL. SUPPLY FAN VFD SHALL ( ) S Y
MODULATE TO MAINTAIN THE DUCT STATIC PRESSURE SETPOINT. SUPPLY FAN STATIC PRESSURE 8 N wEl
SETPOINT SHALL BE RESET BASED ON THE ZONE REQUIRING THE MOST PRESSURE. RELIEF FAN COOLING COIL DISCHARGE AIR TEMPERATURE 55 F 3 Q >z3 3
SHALL RUN CONTINUOUSLY UNDER VFD CONTROL. RELIEF FAN VFD SHALL MODULATE TO - 5 522523
MAINTAIN BUILDING PRESSURIZATION SETPOINT. SUM UP VAV BOX VOLUMES FOR SUPPLY AIR S 9%uS59
SPACE TEMPERATURE SETPOINT - COOLING 75F DEAD BAND +/- 2 F z godbE2
;gggﬁﬂﬂgﬁ ;TQJIIEDTI\T(ESGS(;JERSENSEEC-SI—AP'I'OI{/NET SHALL BE MONITORED BY PRESSURE SENSOR AND SPACE TEMPERATURE SETPOINT - HEATING 70F DEAD BAND +/- 2 F HARDWARE E E G253 EE &
. < Z
OUTPUT INPUT 3 | 8 | 5245528
DAMPER CONTROL SPACE RELATIVE HUMIDITY SETPOINT - COOLING 50% RH DEAD BAND +/- 5% RH TAG POINT DESCRIPTION UNITS x 2 bOESalE
OUTSIDE AIR DAMPER SHALL MODULATE BETWEEN MINIMUM AND MAXIMUM OUTSIDE AIR VOLUME SPACE RELATIVE HUMIDITY SETPOINT - HEATING 50% RH DEAD BAND +/- 10% RH DIGITAL | ANALOG | DIGITAL ANALOG ; = 2359 3 iz
TO MAINTAIN CO2 LEVEL DIFFERENTIAL SETPOINT DURING OCCUPIED MODE. OUTSIDE AIR Ly é la 2S5 |- . < o & Eﬁggéﬁ
DAMPER SHALL CLOSE IF SUPPLY FAN IS OFF OR IF NIGHT SETBACK OR SET UP IS IN OPERATION. ECONOMIZER COOLING SWITCHOVER TEMP 55 F OAT = or < SETPOINT § @ . § : 3 Ij'ij o2 2|0 AN M z = w d JZZuwxfiE
wn wi= |4 L
COOLING COIL CONTROL RTU-01 VAV ROOF TOP AIR CONDITIONING UNIT w/ o|2z3|a|Z|la|S|2|Z2|0|2|Z|R|F|2IE|R|S]2
ES(a(2]=2|20la]l=|8]|e|?3|F|x|E %59 =
IN COOLING MODE DX COIL SHALL MAINTAIN COOLING COIL DISCHARGE TEMPERATURE SETPOINT. MIXED AIR TEMPERATURE 55 F RELIEF AIR FAN, AND ECONOMIZER cu|G|Z[o|E|g|]R|E|2|z|2]|2 | |u|5|8|8|ald <
IN HEATING MODE DX COIL SHALL BE DISABLED. E 3| EH'; = BIZ(T|” § % é’ = |2 '%E Jlo|a § o z
z ol il P Sla|® ) o
ECONOMIZER NIGHT SET BACK TEMP SETPOINT - COOLING 80 F DEAD BAND +/- 2 F w O © <[ O N
ENABLE ECONOMIZER COOLING WHEN OUTSIDE AIR TEMPERATURE IS EQUAL TO OR LESS THAN NIGHT SET BACK TE - HEATING 65F MWF T7S-01 |MIXED AIR TEMPERATURE DEG F (DEG C) X 8
THE ECONOMIZER COOLING SWITCHOVER SETPOINT. DX COOLING COIL SHALL SEQUENCE OFF. SEGFOEG =
EXHAUST (RELIEF) AIR DAMPER SHALL OPEN AND OUTSIDE AIR AND RETURN AIR DAMPERS SHALL TS-02 |SUPPLY AIR TEMPERATURE F (DEG C) X
MODULATE TO MAINTAIN MIXED AIR TEMPERATURE SETPOINT. IF RETURN AIR RELATIVE HUMIDIT DUCTSTAMC PRESSURE 5" ¥IG TS-04 |OUTSIDE AIR TEMPERATURE DEG F (DEG C) X 0
RELATIVE HUMIDITY SETPOINT IS MET. WHEN THE OUTSIDE AIR TEMPERATURE IS GREATER THAN DP-01 JFILTER STATUS N WG (PA) X =1z
. o
THE SWITCHOVER SETPOINT ECONOMIZER COOLING IS DISABLED. HIGH STATIC PRESSURE ALARM 25" WG DP-03 |FILTER STATUS - OUTSIDE AIR IN WG (PA) X 5| s
B ) ) RH-01 |RETURN AIR RELATIVE HUMIDITY %RH X 0| £
SUISI%ZUSIL’EODC“CASEIIEEDTWOESER ﬁ“éﬁ%f’gf gYESF'Il'EII\E/IDSHALL MODULATE HEATING OR COOLING COILS TO \OK PSO1 ]STATIC PRESSURE SENSOR (Approx 213 Dist Downstream of ARU) N WE BA) X E é
BUILDING PRESSURIZATION 0.02”WG
MAINTAIN SPACE SET UP / BACK TEMPERATURE AS SCHEDULED. OUTSIDE AIR AND RELIEF / A DP-02 |BUILDING STATIC PRESSURE INWG (PA) X g §
EXHAUST DAMPERS SHALL CLOSE AND RETURN DAMPER SHALL OPEN. ASSOCIATED EXHAUST GS-01 |CO2 SENSOR PPM X = 2
FANS SHALL DE-ENERGIZE. UNOCCUPIED MODE CONTINUES UNTIL OPTIMAL START ROUTINE IS FILTER ALARM 0.75" WG SD-01 |SUPPLY SMOKE DETECTOR ON/OFF X \
INITIATED AND CONTROL SYSTEM RETURNS TO OCCUPIED MODE OF OPERATION. <502 [RETURN SMOKE DETECTOR ON/OFF - 2
MORNING WARM-UP / COOL-DOWN MAXIMUM DIFFERENCE BETWEEN IS-01 |SUPPLY FAN STATUS ON/OFF X ~
DEPENDING ON THE SEASON DDC SHALL CALCULATE OPTIMAL START TIME FOR OBTAINING MAXIMUM CO, DIFFERENTIAL 700 PPM QMS'EEZC?EUgg'DLEEC:ERLg% LEVELS HPS-01 |HIGH LIMIT STATIC PRESSURE SWITCH IN WG (PA) X 3
OCCUPIED SPACE TEMPERATURE SETPOINT AS SCHEDULED. ALL VAV BOXES SHALL OPEN 100%. 2 - cR02 |SUPPLY FAN VFD ALARM ON/OFF X z
OUTSIDE AIR AND RELIEF / EXHAUST DAMPERS SHALL REMAIN CLOSED AND RETURN DAMPER - 5
SHALL REMAIN OPEN. SUPPLY FAN SHALL OPERATE AT 100% CAPACITY. HEATING OR COOLING DX-01 |DXCOIL CONTROL PER (%) X X >
CONTROL SHALL OPERATE AT 100% CAPACITY. WHEN THE COOLEST OR WARMEST SPACE SC-01 [SUPPLY FAN VFD COMMAND PER (%) X [
TEMPERATURE (DEPENDING ON THE SEASON) RISES / DROPS 0.5 F ABOVE / BELOW OCCUPIED DA02 |RETURN DAMPER PER (%) X
SPACE TEMPERATURE SETPOINT THE DDC SHALL BE PLACED IN OCCUPIED MODE OF OPERATION.
SC-04 |EXH RELIEF FAN VFD COMMAND PER (%) X
SMOKE / FIRE ALARMS DA-01 |OUTSIDE AIR DAMPER PER (%) X
ACTIVATION OF ROOFTOP UNIT DUCT SMOKE DETECTOR SHALL DE-ENERGIZE ASSOCIATSEESTEM DA-03 |RELIEF 7 EXHAUST AR DAMPER PER (%) X
CR-04 |EXH RELIEF FAN VFD ALARM ON/OFF X
A IS-02 |EXH RELIEF FAN STATUS ON/OFF X
AFMS-01|AIRFLOW MEASURING STATION CFM X
UPON ACTIVATION OF THE HVAC EMERGENCY SHUTDOWN BUTTON THE SUPPLY AND RETURN / VAV TERMINAL BOXES
RELIEF / EXHAUST FANS SHALL STOP AND OUTSIDE AIR, RETURN AIR AND / OR RELIEF / EXHAUST
DAMPERS SHALL CLOSE. UPON RESET THE SYSTEM SHALL RETURN TO LAST OPERATING STATE. TS-03 |SPACE TEMPERATURE DEG F (DEG C) X
OVER PRESSURIZATION CONTROL IC-01 |HOT WATER REHEAT CONTROL PER (%) X
IF THE STATIC PRESSURE IN THE SUPPLY DUCT EXCEEDS HIGH STATIC PRESSURE ALARM, THE FAN AFS-01 |AIR FLOW SWITCH ON/OFF X
SHALL BE DEACTIVATED. UPON CORRECTION OF THE PROBLEM, THE SYSTEM SHALL BE RESET AND DA-04 [VAV DAMPER ACTUATOR PER (%) X
UNIT SHALL RETURN TO NORMAL OPERATION. Note 1: Outside air temperature, and humidity readings can be a global point.
wn
Z
O <
— w0
< o
r
L -
RELIEF AIR o >
/\ OUTSIDE AIR @) A'd
ng 4o
] @)
N\ o 2
a Oa
LLl
(O] CURRENT Yo
SENSOR @ DAMPER S 0
OPEN — D Z
FILTER p_| L DA prd L
) VFD DAMPERMIN | 04 — 0
P | S POSITION HOT WATER O @) Y LL
RETURN /RELIEF [** REHEAT COIL Y O
01 LI
FAN VARIABLE = VAV — Z
FREQUENCY DRIVE REHEAT COIL | ~ = FROM AHU E=
(BY UNIT MFG) @ CIRCUIT OFF SA TO SPACE 1 E O wz D.
C = bl
LO| [HI < o <
RELIEF AIR _ > _ @)
DAMPER @ NG OUTSIDE AIR CARBON DIOXIDE SENSOR REHEAT COIL ' O
ACTUATOR s\ s\ | DPAMPERACTUATOR LOCATED IN 205 - LARGE CIRCUIT ON 9 (778 T O Y
N7\ TRAINING ROOM 01 @)
DUCT SMOKE @ N.C. DUCT SMOKE T 1
DETECTOR N\ DETECTOR | | | | | —
(BY OTHERS) 7N 7\ (BY OTHERS) 65 20 25 80 @)
SUPPLY DUCT HIGH SUPPLY DUCT N =
2 9
D 2
3 F
o
Z o
O (0 0)
— A
—
Z
LLl
X

A L l DX
! L ! p— — VAV CONTROL CHART
iFRT ore ) N.O. FILTER - 2/3 DOWN DUCT SUPPLY
P AR NOTE: PROVIDE EACH SPACE IN VAV ZONE WITH A TEMPERATURE SENSOR FOR
N§ ZONE AVERAGING CONTROL.
colL .
& (%) () &)
01 IS 02
O]\« SCHARG
RELATIVE MIXED AIR N DISCHARGE AIR
RETURN AIR CURRENT TEMP SENSOR
ggkl"é%';\( DAMPER ACTUATOR TEMP SENSOR SENSOR
il s
VFD E a SEQUENCE OF OPERATION - VAV
: <| | ol o
NOTE: = =l 2| ¢] ¢
TEK-AIR IAQ -TEK OR APPROVED EQUAL. 02 . § 4
@ Q Q VARIABLE AIR VOLUME TERMINAL (VAV) CONTROL g } g g
SUPPLY FAN ! ] BLE LUME TE L L g - o :
VARIABLE 2 5 w £
FREQUENCY DRIVE INSIDE % OUTSIDE WHEN IN COOLING MODE, THE BAS WILL MODULATE VOLUME DAMPER TO MAXIMUM CFM SET POINT TO MAINTAIN u z g 2
(BY UNIT MFG) BUILDING BUILDING THE DESIRED SPACE TEMPERATURE.

BY
JJS
JJS

WHEN IN HEATING MODE, THE BAS WILL MODULATE VOLUME DAMPER TO HEATING CFM SET POINT AND
MODULATE HOT WATER REHEAT COIL TO MAINTAIN THE DESIRED SPACE TEMPERATURE PER THE VAV CONTROL
CHART ABOVE.

DATE
4/21/23
5/15/23

RTU -O 1 CO N TRO L D IAG RAM WHEN ROOMS THAT ARE SERVED BY A VAV BOX ARE UNOCCUPIED, THE BAS WILL MODULATE VOLUME DAMPER TO

1 NOT TO SCALE MINIMUM CFM SET POINT AND THERMOSTAT FOR VAV BOX SHALL BE SET TO SET UP / BACK TEMPERATURE.
OCCUPANCY STATUS SHALL BE SET BY LIGHTING OCCUPANCY SENSORS PROVIDED BY DIVISION 26.
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ROOF / ////\

% Y

L5

SEQUENCE OF OPERATION: EF-01, 02, 03, 04, 05

DURING UNOCCUPIED TIMES, EXHAUST FANS SHALL BE DISABLED.
DURING OCCUPIED TIMES, EXHAUST FANS SHALL RUN CONTINUOUSLY.
OCCUPIED STATUS SHALL BE DETERMINED BY DDC SCHEDULE.

TO BUILDING
l_________————————————>AUTOMATION
SYSTEM DDC

% X

NOTE:
1.  MAKE-UP AIR PROVIDED FROM AHU-01.

v {7

EXHAUST FAN DIAGRAM (EF-01, 02, 03, 04, 05)

1 NOT TO SCALE

SEQUENCE OF OPERATION: EF-06

FAN SHALL BE ENABLED UNDER HAND-OFF-AUTOMATIC CONTROL. DURING AUTOMATIC MODE (A), FAN WILL ACTIVATE WHEN
TEMPERATURE GOES ABOVE SPACE SETPOINT (ADJUSTABLE). THE FAN WILL BE DISABLED DURING UNOCCUPIED TIMES.
OCCUPIED STATUS SHALL BE DETERMINED BY DDC SCHEDULE.

TO BUILDING
- — —™ AUTOMATION
H.O.A. SYSTEM DDC
SWITCH |
l——————————————H.O.A.——————|
|

% ) ;
LOUVER LO1
@ -

ROOF / ////\
v/

EXHAUST FAN CONTROL DIAGRAM (EF-06)

2 NOT TO SCALE

SEQUENCE OF OPERATION:EF-07, 08, 09, 10

EF-11, 12, 13, 14, 15

BY EXHAUST FAN.

DURING UNOCCUPIED TIMES, EXHAUST FANS SHALL BE DISABLED.
DURING OCCUPIED TIMES, EXHAUST FANS SHALL RUN CONTINUOUSLY.
OCCUPIED STATUS SHALL BE DETERMINED BY LIGHTING OCCUPANCY SENSOR PROVIDED BY DIVISION 26 IN ROOM(S) SERVED

TO BUILDING
[~ T T T T T T ™ AUTOMATION
SYSTEM DDC

LOUVER L02

._l\‘_

/

I, \

/

I y

N
\

EXHAUST FAN CONTROL DIAGRAM (EF-07)

3 NOT TO SCALE

TO BUILDING
V-V V- — — — — — — — — = AUTOMATION
SYSTEM DDC

AN

AIR FLOW

NOTE:

7
7.

&)

1.  MAKE-UP AIR PROVIDED FROM GH-1.

EXHAUST FAN DIAGRAM (EF-09, 10, 11, 12)

NOT TO SCALE

TO BUILDING
r—-————— """ —""—"—"—"—"——— — — — — = AUTOMATION
| SYSTEM DDC
|
|

LA
| |
[ |
=) |
11
.
| TOTII\E/I:AKE-UP AIR PROVIDED FROM GH-1
ROOF / AN, \ ! | |
EXHAUST FAN DIAGRAM (EF-08)
4 NOT TO SCALE
TO BUILDING
—————— _—
|T SVSTEM DDC
— L
7 r B
|
i===g" IM'_ _I =|
S LOUVER L-03
Jil N

AIR FLOW

T
IS

7
V77 AL

EXHAUST FAN CONTROL DIAGRAM (EF-13, 14, 15)

OPERATING PARAMETERS

SET POINT

FUNCTION REMARKS
ADJUSTABLE
SUMMER VENTILATION DEAD BAND +/- 2.5 F (1.5 C)
EXHAUST FAN SPACE AIR TEMPERATURE SETPOINT 90 F (38 C) PROVIDE TEMPERATURE READING TO DD

(EF-06 ONLY)

MONITORING SYSTEM.

FAN STATUS (ALL EXHAUST FANS)

ON/OFF STATUS TO DDC MONITORING SYSTEM
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HVAC CONTROLS
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SEQUENCE OF OPERATION: PARKING LOT LIGHTS

LIGHTING CONTROL SHALL BE DETERMINED BY PHOTOCELL STATUS AND DDC SCHEDULE.
PROVIDE LIGHTING STATUS TO DDC MONITORING SYSTEM.
SEE SHEET E-608 FOR MORE INFORMATION.

THIS DOCUMENT IS THE PROPERTY OF
GRW ENGINEERS, INC. AND SHALL NOT
BE REPRODUCED IN WHOLE OR IN PART
OR USED FOR CONSTRUCTION OF

ALL RIGHTS RESERVED:

GRW PROJECT NO. 05056-01
CLIENT PROJECT NO. BG 23-173

OTHER THAN THIS SPECIFIC PROJECT

WITHOUT WRITTEN PERMISSION

OPERATING PARAMETERS: MS-1, 2,3/0U-1, 2,3

SET POINT
FUNCTION REMARKS
ADJUSTABLE
HIGH TEMPERATURE ALARM 90 F (38 C) SEND ALARM TO DDC SYSTEM IF SPACE
TEMPERATURE GOES ABOVE HIGH TEMP ALARM OR
LOW TEMPERATURE ALARM 50 F (10 C) BELOW LOW TEMP ALARM (ADJUSTABLE).

SEQUENCE OF OPERATION: INFRARED HEATER

SYSTEM STATUS

-ON/OFF STATUS TO DDC MONITORING SYSTEM (ALL).
-HEAT/COOL STATUS TO DDC MONITORING SYSTEM
(MS-1/0U-1 ONLY)

-SPACE TEMPERATURE TO DDC MONITORING SYSTEM
(ALL).

INFRARED HEATER CONTROL:

THERMOSTAT WILL CYCLE THE INFRARED HEATER SYSTEM TO MAINTAIN THE DESIRED SETPOINT (ADJUSTABLE).

CURRENT SENSOR DRY CONTACTS FOR INFRARED HEATER STATUS (ON/OFF) AND TEMPERATURE OF SPACE TO DDC MONITORING SYSTEM.

OPERATING PARAMETERS: FREEZER STORAGE

ENGINEERING - ARCHITECTURE - GEOSPATIAL

WWW.grwinc.com

SEQUENCE OF OPERATION: HVLS FANS

SET POINT
FUNCTION ADJUSTABLE REMARKS
SEND ALARM TO DDC SYSTEM IF SPACE
HIGH TEMPERATURE ALARM 32F(0C) TEMPERATURE GOES ABOVE HIGH TEMP ALARM

(ADJUSTABLE).

FANS SHALL BE ENABLED CONTINUOUSLY UNDER HAND-OFF-AUTOMATIC (H-O-A) CONTROL. DURING AUTOMATIC (A) FANS CONTROLLED BY BMS
SCHEDULE.

PROVIDE FAN STATUS AND ALARM STATUS TO DDC MONITORING SYSTEM.

SYSTEM STATUS

-SPACE TEMPERATURE TO DDC MONITORING SYSTEM.

SEQUENCE OF OPERATION: CO/NOx DETECTOR

CO AND NOx SENSOR SHALL CONTINUOUSLY MONITOR PPM OF GAS IN BUS MAINTENANCE BAYS. SEE SHEET MH403 & MH404 FOR LOCATIONS.

ONCE SETPOINT IS REACHED SENSOR SHOULD TRIGGER AUDIBLE AND VISUAL ALARM.

SENSOR SHALL ALSO REPORT ALARM STATUS TO DDC MONITORING SYSTEM.

SEQUENCE OF OPERATION: CRAC UNITS

UNITS SHALL OPERATE ON LEAD/LAG SYSTEM WHERE EACH UNIT SHALL OPERATE FOR 7 DAYS (ADJUSTABLE) BEFORE SWAPPING WITH THE OTHER
UNIT AND GOING IDLE. THE CONTROL DAMPERS FOR THE ACTIVE UNIT SHALL OPEN AND THE CONTROLS DAMPERS FOR THE IDLE UNIT SHALL BE
CLOSED.

UPON ACTIVATION OF FIRE SUPPRESSION SYSTEM, ALL CONTROL DAMPERS SHALL CLOSE AND UNITS SHALL SHUT DOWN. FIRE DAMPERS SHALL BE
INSTALLED AT THE PENETRATIONS FROM THE SECOND FLOOR TO THE NETWORK OPERATIONS CENTER.

OPERATING PARAMETERS: CRAC UNITS

SET POINT

FUNCTION REMARKS
ADJUSTABLE
SEND ALARM TO DDC SYSTEM IF SPACE
HIGH TEMPERATURE ALARM 80 F (27 C) TEMPERATURE GOES ABOVE HIGH TEMP ALARM

(ADJUSTABLE).

SYSTEM STATUS

-SPACE TEMPERATURE TO DDC MONITORING SYSTEM.
-EQUIPMENT STATUS TO DDC MONITORING SYSTEM.

CENTER

HVAC CONTROLS
11800 TAYLOR MILL ROAD, INDEPENDENCE, KY, 41051

KENTON COUNTY SCHOOL DISTRICT SUPPORT OPERATIONS
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DDC INPUT/OUTPUT SUMMARY TABLE

BLDG:

SUPPORT OPERATIONS CENTER

KENTON CO SCHOOLS

HARDWARE

SOFTWARE

OUTPUT

INPUT ALARMS

DIGITAL (BO)

ANALOG (AO)

DIGITAL (BI)

ANALOG (Al) DIGITAL

ANALOG

TYPE

APPLICATION PROGRAMS

SYSTEMS:
HYDRONIC SYSTEM
NEW BOILER B-1
NEW BOILER B-2

POINT DESCRIPTION

CONTROL RELAY
SOLENOID (EP)
24 VAC TRIAC

ELECTRIC TRANSDUCER

PNEUMATIC TRANSDUCER
H-O-A OVERRIDE SWITCH

GATEWAY INTERFACE

0-10 VDC
4-20 MA

ELECTRIC TRANSDUCER
PNEUMATIC TRANSDUCER
SET POINT ADJUSTMENT
H-O-A OVERRIDE SWITCH

% RELATIVE HUMIDITY SWITCH

PRESSURE SWITCH

CONTROL SWITCH CONTACT
FLOW SWITCH

THERMOSTAT SWITCH

UNIT LOCKOUT/ALARM SWITCH

PULSE COUNTER INTERFACE
CONTROL RELAY

H-O-A OVERRIDE SWITCH
TIMED OVERRIDE SWITCH
TEMPERATURE

POSITION ADJUSTMENT

% RELATIVE HUMIDITY
SPEED

PRESSURE

FLOW
PPM CARBON DIOXIDE

GATEWAY INTERFACE
EQUIPMENT STATUS

HIGH LIMIT

CURRENT SENSOR
LOW LIMIT

FEEDBACK
SENSOR FAILURE
HIGH VALUE

LOW VALUE

RUN TIME

MAINTENANCE
CRITICAL

SCHEDULE START/STOP
OPTIMUM START/STOP

OPERATOR START/STOP
DAY/NIGHT SETBACK
NIGHT PURGE

VARIABLE VOLUME CONTROL
HOT/COLD DECK RESET
TEMP. CONTROL PROGRAM
ALTER. W/FAILURE BACKUP

EVENT PROGRAM
DUTY CYCLING
TOTALIZE RUN TIME
TOTALIZE STARTS
ECONOMIZER
ENTHALPY CONTROL
LOAD RESET
OUTDOOR AIR RESET
SETPOINT RESET

DEHUMIDIFICATION

OUTDOOR TEMP CUTOFF

DDC PROGRAM

FAILURE MODE *

POINT HISTORY

REMARKS

HYDRONIC SYSTEM

SYSTEM HW SUPPLY

SYSTEM HW RETURN

LOOP BYPASS VALVE

®|®|®| ®| GRAPHIC DISPLAY

NEW BOILER B-1

BOILER ENABLE/DISABLE

BURNER STATUS

BURNER % HI FIRE

BOILER HW SUPPLY TEMP

FLAME SAFEGUARD ALARM

LOW WATER ALARM

HIGH WATER ALARM

BOILER ISOLATION VALVE

NEW BOILER B-2

BOILER ENABLE/DISABLE

BURNER STATUS

BURNER % HI FIRE

BOILER HW SUPPLY TEMP

FLAME SAFEGUARD ALARM

LOW WATER ALARM

HIGH WATER ALARM

BOILER ISOLATION VALVE

NEW PUMP P-1

PUMP START/STOP

PUMP STATUS

NEW PUMP P-2

PUMP START/STOP

PUMP STATUS

NEW PUMP P-3

PUMP VFD ENABLE/DISABLE

VFD SPEED CONTROL

VFD FEEDBACK

VFD FAULT ALARM

PUMP STATUS

NEW PUMP P-4

PUMP VFD ENABLE/DISABLE

VFD SPEED CONTROL

VFD FEEDBACK

VFD FAULT ALARM

PUMP STATUS

SEQUENCE OF OPERATIONS

HEATING HOT WATER SYSTEM

HOT WATER BOILERS

1.  THE HOT WATER BOILER PLANT CONSISTS OF TWO (2) BOILERS WITH
LEAD/LAG/STANDBY CONTROL. ONE (1) BOILER SHALL ALWAYS BE
ENABLED ON TO PROVIDED REHEAT CAPABILITY FOR SUMMER TIME
DEHUMIDIFICATION.

2. THE MAINTENANCE STAFF SHALL SCHEDULE LEAD/LAG CONTROL OF THE
BOILERS AS PROGRAMMED BY THE DDC GRAPHIC OWNER INTERFACE.
THE LOCAL DIRECT DIGITAL CONTROLLER (DDC) SHALL LEAD/LAG TWO
BOILERS AND TWO SECONDARY HOT WATER PUMPS AS DETERMINED BY
WEEKLY RUN TIME SCHEDULE. IN THE EVENT OF LEAD FAILURE THE DDC
SHALL AUTOMATICALLY START THE SELECTED LAG BOILER SYSTEM.

3. WHENEVER A BOILER IS ENABLED ON, THE DDC SHALL OPEN THE
ASSOCIATED BOILER ISOLATION VALVE ENABLE THE COMBUSTION AIR
DAMPER AND START ASSOCIATED PRIMARY PUMP. THE COMBUSTION AIR
DAMPER SHALL CYCLE WITH THE BURNER TO REMAIN SHUT DURING OFF
PERIODS. ISOLATION VALVE PROOF SWITCH SHALL INTERLOCK ON THE
SELECTED BOILER, PUMP STATUS AND COMBUSTION AIR DAMPER PROOF
SWITCH SHALL ALLOW TOGETHER A BOILER BURNER TO START.

4. DDC SHALL SENSE BOILER HOT WATER SUPPLY TEMPERATURE AND
ALARM IF BOILER IS UNABLE TO MAINTAIN OPERATING TEMPERATURE OF
160°F. BOILER BURNER, ONCE ENABLED BY THE DDC WILL BE
CONTROLLED BY ONBOARD OPERATING, MODULATING AND LIMIT
CONTROLS TO MAINTAIN SET POINT.

5. INTHE EVENT ONE BOILER CANNOT MEET THE HOT WATER SUPPLY
TEMPERATURE RESET SCHEDULE, THE DDC SHALL AUTOMATICALLY
SEQUENCE ON: THE LAG BOILER, COMBUSTION AIR DAMPER, ASSOCIATED
HOT WATER PUMP, SUBJECT TO THE LAG BOILER ISOLATION VALVE AND
COMBUSTION AIR DAMPER PROOF SWITCHES.

6. THE DDC SHALL MONITOR THE STATUS OF EACH BOILER, HOT WATER
PUMP, ISOLATION VALVE, AND COMBUSTION AIR DAMPER. IF A FAILURE
OCCURS AN ALARM SHALL BE RECORDED AT THE DDC GRAPHIC OWNER
INTERFACE.

7. SECONDARY HOT WATER SUPPLY TEMPERATURE SHALL BE MAINTAINED
AS RESET BY OUTSIDE AIR TEMPERATURE AND AS BIASED BY THE
COOLEST ZONE HOT WATER RETURN TEMPERATURE.

8. THE SECONDARY HOT WATER PUMPING SYSTEM CONSISTS OF TWO
VARIABLE FREQUENCY DRIVE (VFD) PUMPS WHICH ROTATE IN POSITIONS
OF LEAD/LAG/BACK-UP. ONE PUMP CAN CARRY FULL DESIGN FLOW. THE
MAINTENANCE STAFF SHALL ENABLE, DISABLE AND CONTROL LEAD/LAG
OF THE PUMPS AS DETERMINED BY THE WEEKLY RUN TIME SCHEDULE
AND HEATING CAPACITY REQUIREMENTS.

9. DDC SHALL MODULATE THE ENABLED SECONDARY HOT WATER PUMP
VARIABLE SPEED DRIVES AS REQUIRED TO MAINTAIN THE DIFFERENTIAL
PRESSURE SETPOINT FOR THE LOWEST OF THE TWO (2) REMOTE

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

DIFFERENTIAL PRESSURE SENSORS, THE LOCATIONS OF WHICH WILL BE
CHOSEN IN CONJUNCTION WITH THE ENGINEER.

LEAD SECONDARY HOT WATER PUMP VFD SHALL BE MODULATED TO [95%]
SPEED BEFORE THE DDC STARTS THE LAG SECONDARY HOT WATER
PUMP VSD. WHEN A COMMAND TO START THE LAG SECONDARY HOT
WATER PUMP IS INITIATED, THE LEAD SECONDARY HOT WATER SHALL
RAMP DOWN TO [50%] SPEED, THE DDC SHALL START THE LAG PUMP VFD
AND SOFT START RAMP UP TO [50%] SPEED.

ON AN INCREASING PUMPING DEMAND, THE DDC SHALL RAMP UP IN [5%]
INCREMENTS SEQUENCING THE LEAD AND LAG PUMP VFD'S TO MAINTAIN
THE LOWEST DIFFERENTIAL PRESSURE SETPOINT. (TARGET
DIFFERENTIAL PRESSURE TO BE APPROVED BY ENGINEER).

ON A DECREASE IN PUMPING DEMAND, THE DDC SHALL RAMP DOWN IN
[5%] INCREMENTS SEQUENCING THE LEAD AND LAG PUMP VFD'S TO
MAINTAIN THE LOWEST DIFFERENTIAL PRESSURE SETPOINT. WHEN THE
SUM OF THE LEAD AND LAG PUMP IS [90%] THE DDC SHALL STOP THE LAG
PUMP VFD AND CONTROL ONLY THE LEAD PUMP VFD.

DDC GRAPHIC OWNER INTERFACE SHALL MONITOR EACH SECONDARY
HOT WATER PUMP VFD GENERAL ALARM CONTACT, SPEED OUTPUT
SIGNAL, AND FEEDBACK SIGNAL (HZ).

A PRIMARY PUMP ON EACH ACTIVE BOILER SHALL BE INTERLOCKED WITH
BOILER ENABLE. THE ASSOCIATED 3-WAY MIXING SHALL MODULATE TO
MAINTAIN A 120°C RETURN TEMPERATURE.

THE STATUS FROM EACH BOILER AND PUMP SHALL BE USED TO TOTALIZE
RUNTIME. IF TOTAL RUNTIME OF A BOILER OR PUMP EXCEEDS RUNTIME
LIMITS, ALARM SHALL BE RECORDED AT THE DDC GRAPHIC OWNER
INTERFACE.

WHENEVER A BOILER IS OFF, THE DDC SHALL CLOSE THE ASSOCIATED
ISOLATION CONTROL VALVE, COMBUSTION AIR DAMPER, AND PRIMARY
BOILER PUMP.

DDC GRAPHIC OWNER INTERFACE SHALL MONITOR EACH BOILER HOT
WATER SUPPLY AND RETURN TEMPERATURE, BOILER GAS FLOW, BOILER
STATUS, BOILER GENERAL ALARM, ASSOCIATED PUMP STATUS AND
3-WAY VALVE STATUS.

MAKE UP WATER FOR CLOSED LOOP SYSTEM. DDC SHALL CONNECT TO
WATER METER AND SEND AND ALARM TO DDC GRAPHIC OWNER
INTERFACE IF METER RUNS CONTINUOUSLY FOR A PERIOD OF TIME (ADJ.)
TO ALERT A POTENTIAL LEAK IN SYSTEM.

SHUT DOWN

UPON DETECTION OF FIRE, COMBUSTIBLE GAS IN THE BOILER ROOM OR
UPON PANIC BUTTON ACTIVATION FUEL FLOW TO THE BOILER SHALL
CEASE BY CLOSING AUXILLARY GAS VALVES AND DISABLING THE PUMP
SET.

SYSTEM HOT
WATER SUPPLY
TEMPERATURE
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NOTE: COORDINATE WITH BOILER MANUFACTURER'S EXISTING CONTROLS

PRIOR TO DESIGN/INSTALLATION OF DDC BOILER SYSTEM.

BOILERS

1 SCALE: N.T.S.
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HYDRONIC CONTROLS
11800 TAYLOR MILL ROAD, INDEPENDENCE, KY, 41051
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FURNISH AND INSTALL NEW ROOFTOP
PACKAGED HVAC UNIT. SEE SCHEDULES AND P
DETAILS FOR MORE INFORMATION. INSTALL

PER MANUFACTURER'S INSTRUCTIONS.

2 FURNISH AND INSTALL NEW ROOF MOUNTED
EXHAUST FAN. SEE SCHEDULES AND
DETAILS FOR MORE INFORMATION. INSTALL
PER MANUFACTURER'S RECOMMENDATION.

3 FURNISH AND INSTALL NEW ROOF MOUNTED
OUTDOOR MINI SPLIT UNIT. SEE SCHEDULES
AND DETAILS FOR MORE INFORMATION.
INSTALL PER MANUFACTURER'S
RECOMMENDATION.

4 FURNISH AND INSTALL NEW COMPUTER
ROOM OUTDOOR CONDENSING UNIT. SEE
SCHEDULES AND DETAILS FOR MORE
INFORMATION. INSTALL PER
MANUFACTURER'S INSTRUCTIONS.
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GENERAL NOTES:

SEE SHEET M001 FOR MECHANICAL
LEGEND AND GENERAL NOTES.
COORDINATE WITH OTHER DISCIPLINES
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S

FURNISH AND INSTALL VAV TERMINAL UNIT.
MAINTAIN ALL MANUFACTURER'S REQUIRED
CLEARANCES. SEE SCHEDULES AND DETAILS
FOR MORE INFORMATION.

SUPPLY DUCTWORK DOWN FROM SECOND
LEVEL, SEE SHEET MH405 FOR
CONTINUATION.

PROVIDE DUCTWORK UP TO EF-02, SEE
SHEET MH405 FOR CONTINUATION.

HVAC CONTROL PANEL FOR HVLS FANS &
GAS-FIRED RADIANT HEATERS. CONTROL
WIRING SHALL BE PROVIDED UNDER
DIVISION 23 CONTRACT.

FURNISH AND INSTALL FIRE DAMPER WHERE
DUCTWORK PENETRATES THE FIRE-RATED
WALL.

PROVIDE RETURN DUCTWORK UP TO
SECOND LEVEL, SEE SHEET MH405 FOR
CONTINUATION.

FURNISH AND INSTALL WALL-MOUNTED
ELECTRIC UNIT HEATER. BASE OF UNIT
SHALL BE 3'-0" AFF. SEE SECHEDULES AND
DETAILS FOR MORE INFORMATION.
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FURNISH AND INSTALL VAV TERMINAL UNIT.
/RAN\ MAINTAIN ALL MANUFACTURER'S REQUIRED P
oo / CLEARANCES. SEE SCHEDULES AND DETAILS

FOR MORE INFORMATION.

SUPPLY DUCTWORK DOWN FROM SECOND
LEVEL, SEE SHEET MH406 FOR
CONTINUATION.

) 3 PROVIDE DUCTWORK UP TO EF-01, SEE
/ SHEET MH406 FOR CONTINUATION.
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REVISION DESCRIPTION

/ 4 |PROVIDE RETURN DUCTWORK UP TO
/ SECOND LEVEL, SEE SHEET MH406 FOR
e /R6 )\ / CONTINUATION.
| " s 16)‘ / 5 |PROVIDE DUCTWORK UP TO CRAC UNITS
10" =, O : / / ABOVE, SEE SHEET MH406 FOR
? - &= “ﬂ ; CONTINUATION.
~ | L = 6 |HVAC CONTROL PANEL FOR HVLS FANS &
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20 / || % /g DIVISION 23 CONTRACT.
8" = / — "
~ | 3 6"\ = | =120
////// = \Q\ r‘ =
© |
\\\\ﬂl]jl | |
S 8 L \800/
O] | i :
A 16"x14"
E = m * 6" 8"x8" ]
VAV-OD—] || /R2\ \A00 /™ =1 7 7 * (1) /
VAV-0D—— || N4 5 AN T © Mo /R6\
= \130/ 10°x8" =~ 10°x8" ! 11272 X : R-6
8" X = — | |6 \.650 /
| 120"x14" | ] 18"x20" 1 | |T| 167x16"
| E ) /////// 5 |
| /87 /ST \ g M0%10" = ~ L
- 2000 \2000 / = 2
—10"0 N N 9%
: KL o 5 5 - \
© I
B0 /RT /R i 2
8000 \ 250 / =3
¢ : ) = . i @)
T || \150/ © =5
>
18"x20" e N < S
| Z X
G <
_4 | % L
DA 2o e Tap0)) S E < oo
s7 e ~ \'d
- B | 5 S <
{2000/ 000/ e ] C U
L ( =
A 1 77% N O m O
10 10" 011y, X 0 X <C O <
“ = A=\ . > g 4
= / R-3\ A A
X \150 / 250 L 5
167 /1 5 <
\100/ ) gy | B0 R
oA 2y § SI::‘_I(D]HH\\H/W m 5 LL
X il 8"g < ~/ m D
=z~ 14°x14 0 w=
N P _ X LL] 5 - =
~l - Z -
m ~ L (M)
< o<
[ 12'x12", ]
| O
O
W = =
75
> nd
-z <
N 3 <
nd -
— O S
LL = %
o <
=
Z
LL
X
n|
N I =
g 2|, 80O |zO
z z = 3
Q = w x
(2] << => o
8 8 & <
52
o
'-',_J
g
o
&
I
s
w -~
5
= 2
i
4 £
b
4
s
2}
z

AREA KEY PLAN

FIRST LEVEL - AREA B - HVAC PLAN

C:\Users\jsheppard\Documents\50564ME3D1V20_Jsheppard@grwinc.com.rvt

5/15/2023 4:10:57 PM

SCALE: 1/8"=1'-0"

1_|ADDENDUM 3
SCALE CHECK|

NO

DATE:
MARCH 30, 2023

PLAN NORTH

SCALE:

1/8" = 1'-0"

/
/
/
/

W * MH402
X1




C:\Users\jsheppard\Documents\50564ME3D1V20_Jsheppard@grwinc.com.rvt

3/31/2023 8:47:20 AM

m
C
jI:O
(]
-

.
[o)]
©
OE

%

“\ 16"X1 6" 3 S

16"x16"

[RAN {1275,

—7/
|

| (RN [

| NECIZAN
| RN
/ <~

FIRST LEVEL - AREA C - HVAC PLAN

14"x14"

L-01

L-02

F=}——<EUH-05)

SCALE: 1/8"=1'-0"

PLAN NORTH

/
/
/
/

/
/
/
/

GENERAL NOTES:

1. SEE SHEET M001 FOR MECHANICAL
LEGEND AND GENERAL NOTES.

2. COORDINATE WITH OTHER DISCIPLINES
PRIOR TO INSTALLATION OF MECHANICAL
COMPONENTS.
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FURNISH AND INSTALL VAV TERMINAL UNIT.
MAINTAIN ALL MANUFACTURER'S REQUIRED
CLEARANCES. SEE SCHEDULES AND DETAILS
FOR MORE INFORMATION.

2 FURNISH AND INSTALL CORROSION
RESISTANT ELECTRIC UNIT HEATER. BASE
OF UNIT SHALL BE 14'-0". SEE SECHEDULES
AND DETAILS FOR MORE INFORMATION

3 FURNISH AND INSTALL OPERABLE LOUVER.
BASE OF LOUVER SHALL BE 13'-0" AFF. SEE
SCHEDULES AND DETAILS FOR MORE
INFORMATION.

4 |PROVIDE DUCTWORK UP TO EF-06, SEE
SHEET MH407 FOR CONTINUATION.

5 PROVIDE DUCTWORK UP TO EF-07, SEE
SHEET MH407 FOR CONTINUATION.

6 |HVAC CONTROL PANEL FOR HVLS FANS &
GAS-FIRED RADIANT HEATERS. CONTROL
WIRING SHALL BE PROVIDED UNDER
DIVISION 23 CONTRACT.

7 |SUPPLY DUCTWORK DOWN FROM SECOND
LEVEL, SEE SHEET MH405 FOR
CONTINUATION.
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GENERAL NOTES:

1. SEE SHEET M001 FOR MECHANICAL
LEGEND AND GENERAL NOTES.

2. COORDINATE WITH OTHER DISCIPLINES
PRIOR TO INSTALLATION OF MECHANICAL
COMPONENTS.
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FURNISH AND INSTALL INDOOR WALL
MOUNTED MINI SPLIT UNIT. BASE OF UNIT
SHALL BE 7'-6" AFF. SEE SCHEDULES AND
DETAILS FOR MORE INFORMATION.

2 PROVIDE DUCTWORK UP TO EF-08, SEE
SHEET MH408 FOR CONTINUATION.

3 |FURNISH AND INSTALL CORROSION
RESISTANT ELECTRIC UNIT HEATER. BASE
OF UNIT SHALL BE 14'-0". SEE SECHEDULES
AND DETAILS FOR MORE INFORMATION

4 |HVAC CONTROL PANEL FOR HVLS FANS &
GAS-FIRED RADIANT HEATERS. CONTROL
WIRING SHALL BE PROVIDED UNDER
DIVISION 23 CONTRACT.

ENGINEERING - ARCHITECTURE - GEOSPATIAL

WWW.grwinc.com
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FIRST LEVEL - AREA D - HVAC PLAN
KENTON COUNTY SCHOOL DISTRICT SUPPORT OPERATIONS
11800 TAYLOR MILL ROAD, INDEPENDENCE, KY 41051
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GENERAL NOTES: S OEKEN

1. SEE SHEET M001 FOR MECHANICAL
LEGEND AND GENERAL NOTES.

2. COORDINATE WITH OTHER DISCIPLINES
PRIOR TO INSTALLATION OF MECHANICAL
COMPONENTS.
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SHEET KEYNOTES

FURNISH AND INSTALL VAV TERMINAL UNIT.
MAINTAIN ALL MANUFACTURER'S REQUIRED P
CLEARANCES. SEE SCHEDULES AND DETAILS

FOR MORE INFORMATION.

2 FURNISH AND INSTALL GAS FIRED UNIT
HEATER. MAINTAIN MANUFACTURER'S
RECOMMENDED CLEARANCES. SEE
SCHEDULES AND DETAILS FOR MORE

.
<
H
=
s
9
)
m
& g
INFORMATION. E S
48"x44 5N 3 |FURNISH AND INSTALL GAS FIRED RADIANT O | g
“ \ HEATER. MAINTAIN MANUFACTURER'S i s
5 RECOMMENDED CLEARANCES. SEE = | g
oy SCHEDULES AND DETAILS FOR MORE T | s
— 3 i INFORMATION. %2 =
. o 3 4 |FURNISH AND INSTALL HIGH VELOCITY, LOW < | ®
3 & SPEED FAN. MAINTAIN MANUFACTURER'S )
X N ¥ RECOMMENDED CLEARANCES FROM @)
S FT STRUCTURE AND LIGHTING. SEE 5
"\‘/‘;’@ L @ SECHEDULES AND DETAILS FOR MORE
A / INFORMATION. 5
- 5 |FURNISH AND INSTALL WALL-MOUNTED z
EXHAUST FAN. BASE OF FAN SHALL S
@ APPROXIMATELY BE 20-0" AFF. SEE Z
| ‘ - SECHEDULES AND DETAILS FOR MORE 0
\ INFORMATION.

8"x8" @ 8"x8" @ 6 |FURNISH AND INSTALL OPERABLE LOUVER.

| BASE OF LOUVER SHALL APPROXIMATELY BE
20'-0" AFF. SEE SCHEDULES AND DETAILS
FOR MORE INFORMATION.

7 |PROVIDE DUCTWORK UP TO EF-05, SEE
/E5 \ SHEET MH101 FOR CONTINUATION.

\ 160 / 8 [PROVIDE DUCTWORK UP TO EF-04, SEE
SHEET MH101 FOR CONTINUATION.

9 |PROVIDE DUCTWORK UP TO EF-02, SEE
SHEET MH101 FOR CONTINUATION.

10 |PROVIDE DUCTWORK UP TO EF-03, SEE

Veud SHEET MH101 FOR CONTINUATION.
11 [SUPPLY DUCTWORK DOWN FROM RTU-01,
/53\ : — SEE MH101 FOR CONTINUATION.
tm | ko amaall 12 |RETURN DUCTWORK UP TO RTU-01, SEE
] oo MH101 FOR CONTINUATION.
12'x12" T 13 |[FURNISH AND INSTALL WALL-MOUNTED 0p)
offl & ELECTRIC UNIT HEATER. BASE OF UNIT =
B _jg e o | SHALL BE 3-0" AFF. SEE SECHEDULES AND
A S DETAILS FOR MORE INFORMATION. C_) —
I T 2020 | 14 [HVAC CONTROL PANEL. CONTROL WIRING — — Yo
i N R e SHALL BE PROVIDED UNDER DIVISION 23 < o
S otk CONTRACT. PROVIDE SECOND DATA DROP < ~—
X8| gy [ RBN\ — TO CONTROL PANEL FOR OWNER i T <
/[ S-3 \ i % 640 e Xz T IRl CONVENIENCE. SEE ELECTRICAL SHEETS
\.330 / g - “:F;;H\H D “H FOR MORE INFORMATION. n o >
i i T AT o L 15 |SUPPLY DUCTWORK DOWN TO FIRST LEVEL, @) X
14'x14 5 N | S s SEE SHEET MH401 FOR CONTINUATION. O — ur
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GENERAL NOTES:
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SEE SHEET M001 FOR MECHANICAL
LEGEND AND GENERAL NOTES.
COORDINATE WITH OTHER DISCIPLINES
PRIOR TO INSTALLATION OF MECHANICAL
COMPONENTS.
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HEET KEYNOTES

S

FURNISH AND INSTALL VAV TERMINAL UNIT.
MAINTAIN ALL MANUFACTURER'S REQUIRED
CLEARANCES. SEE SCHEDULES AND DETAILS
FOR MORE INFORMATION.

FURNISH AND INSTALL OPERABLE LOUVER.
BASE OF LOUVER SHALL APPROXIMATELY BE
20'-0" AFF. SEE SCHEDULES AND DETAILS
FOR MORE INFORMATION.

FURNISH AND INSTALL INDOOR WALL
MOUNTED MINI SPLIT UNIT. BASE OF UNIT
SHALL BE 7'-6" AFF. SEE SCHEDULES AND
DETAILS FOR MORE INFORMATION.

FURNISH AND INSTALL INDOOR COMPUTER
ROOM AIR CONDITIONER UNIT. SEE
SCHEDULES AND DETAILS FOR MORE
INFORMATION.

FURNISH AND INSTALL GAS FIRED UNIT
HEATER. MAINTAIN MANUFACTURER'S
RECOMMENDED CLEARANCES. SEE
SCHEDULES AND DETAILS FOR MORE
INFORMATION.

FURNISH AND INSTALL WALL-MOUNTED
EXHAUST FAN. BASE OF FAN SHALL
APPROXIMATELY BE 20'-0" AFF. SEE
SECHEDULES AND DETAILS FOR MORE
INFORMATION.

ENGINEERING - ARCHITECTURE - GEOSPATIAL

RETURN DUCTWORK UP FROM FIRST LEVEL,
SEE SHEET MH402 FOR CONTINUATION.

EXHAUST DUCTWORK UP FROM FIRST
LEVEL, SEE SHEET MH402 FOR
CONTINUATION.

SUPPLY DUCTWORK DOWN TO FIRST LEVEL,
SEE SHEET MH402 FOR CONTINUATION.

10

RETURN DUCTWORK UP FROM NETWORK
OPERATIONS CENTER, SEE SHEET MH402
FOR CONTINUATION. PROVIDE AND INSTALL
FIRE DAMPER IN DUCTWORK AT FLOOR
PENETRATION. SEE MECHANICAL CONTROL
SHEETS FOR MORE INFORMATION.

11

PROVIDE AND INSTALL CONTROL DAMPERS
FOR COMPUTER ROOM AIR CONDITIONER
DUCTWORK. SEE MECHANICAL CONTROL
SHEETS FOR MORE INFORMATION.

12

SUPPLY DUCTWORK DOWN TO NETWORK
OPERATIONS CENTER, SEE SHEET MH402
FOR CONTINUATION. PROVIDE AND INSTALL
FIRE DAMPER IN DUCTWORK AT FLOOR
PENETRATION. SEE MECHANICAL CONTROL
SHEETS FOR MORE INFORMATION.

13

FURNISH AND INSTALL HIGH VELOCITY, LOW
SPEED FAN. MAINTAIN MANUFACTURER'S
RECOMMENDED CLEARANCES FROM
STRUCTURE AND LIGHTING. SEE
SECHEDULES AND DETAILS FOR MORE
INFORMATION.

SECOND LEVEL - AREA B - HVAC PLAN
KENTON COUNTY SCHOOL DISTRICT SUPPORT OPERATIONS

CENTER
11800 TAYLOR MILL ROAD, INDEPENDENCE, KY 41051
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GENERAL NOTES:

1. SEE SHEET M001 FOR MECHANICAL
LEGEND AND GENERAL NOTES.

2. COORDINATE WITH OTHER DISCIPLINES
PRIOR TO INSTALLATION OF MECHANICAL
COMPONENTS.
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SHEET KEYNOTES

FURNISH AND INSTALL VAV TERMINAL UNIT.
MAINTAIN ALL MANUFACTURER'S REQUIRED
CLEARANCES. SEE SCHEDULES AND DETAILS
FOR MORE INFORMATION.

2 PROVIDE DUCTWORK UP TO EF-05, SEE
SHEET MH101 FOR CONTINUATION.

3 |PROVIDE DUCTWORK UP TO EF-04, SEE
SHEET MH101 FOR CONTINUATION.

4 |FURNISH AND INSTALL WALL-MOUNTED
ELECTRIC UNIT HEATER. BASE OF UNIT
SHALL BE 3'-0" AFF. SEE SECHEDULES AND
DETAILS FOR MORE INFORMATION.

5 FURNISH AND INSTALL GAS FIRED RADIANT
HEATER. MAINTAIN MANUFACTURER'S
RECOMMENDED CLEARANCES. SEE
SCHEDULES AND DETAILS FOR MORE
INFORMATION.

6 FURNISH AND INSTALL HIGH VELOCITY, LOW
SPEED FAN. MAINTAIN MANUFACTURER'S
RECOMMENDED CLEARANCES FROM
STRUCTURE AND LIGHTING. SEE
SECHEDULES AND DETAILS FOR MORE
INFORMATION.

7 FURNISH AND INSTALL WALL-MOUNTED
EXHAUST FAN. BASE OF FAN SHALL
APPROXIMATELY BE 22'-0" AFF. SEE
SECHEDULES AND DETAILS FOR MORE
INFORMATION.

ENGINEERING - ARCHITECTURE - GEOSPATIAL

WWW.grwinc.com

8 FURNISH AND INSTALL NEW ROOF MOUNTED
EXHAUST FAN. SEE SCHEDULES AND
DETAILS FOR MORE INFORMATION. INSTALL
PER MANUFACTURER'S RECOMMENDATION.

9 FURNISH AND INSTALL NEW ROOF MOUNTED
OUTDOOR MINI SPLIT UNIT. SEE SCHEDULES
AND DETAILS FOR MORE INFORMATION.
INSTALL PER MANUFACTURER'S
RECOMMENDATION.

10 |FURNISH AND INSTALL NEW ROOF MOUNTED
GRAVITY INTAKE HOOD. SEE SCHEDULES
AND DETAILS FOR MORE INFORMATION.
INSTALL PER MANUFACTURER'S
RECOMMENDATION.

11 |SUPPLY DUCTWORK DOWN TO FIRST LEVEL,
SEE SHEET MH401 FOR CONTINUATION.

12 |FURNISH AND INSTALL FIRE DAMPER WHERE
DUCTWORK PENETRATES THE FIRE-RATED
WALL.

CENTER

SECOND LEVEL - AREA C - HVAC PLAN
KENTON COUNTY SCHOOL DISTRICT SUPPORT OPERATIONS
11800 TAYLOR MILL ROAD, INDEPENDENCE, KY 41051
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GENERAL NOTES:

1. SEE SHEET M001 FOR MECHANICAL
LEGEND AND GENERAL NOTES.

2. COORDINATE WITH OTHER DISCIPLINES
PRIOR TO INSTALLATION OF MECHANICAL
COMPONENTS.

CONSTRUCTION DOCUMENTS

(32
— N~
= ‘T
1 =
8 | & | 8% g
rs) Q gazul
o o ¥x3;0Cz
. wr oZ x [e]
() o 5850 g @
z | 2| .i%25s:
[ = auw
S = w_ogoo2u
e | £ | fzyszris
& o ©w=280%2
F00QqEE
=2 e 5ozEDL3
i G | =5:835¢
O = J2ENREE
) IFOmo032
SHEET KEYNOTES 2
=
1 [FURNISH AND INSTALL HIGH VELOCITY, LOW <HE
SPEED FAN. MAINTAIN MANUFACTURER'S PR
RECOMMENDED CLEARANCES FROM 72}
LU LLLI L STRUCTURE AND LIGHTING. SEE 8
SECHEDULES AND DETAILS FOR MORE o
INFORMATION. .
2 |FURNISH AND INSTALL NEW ROOF MOUNTED m
OUTDOOR MINI SPLIT UNIT. SEE SCHEDULES ~ | g
AND DETAILS FOR MORE INFORMATION. E 3
@ INSTALL PER MANUFACTURER'S S
GH-01 RECOMMENDATION. 0 3
ﬁ\ a 3 |FURNISH AND INSTALL NEW ROOF MOUNTED E 5
LR /[ S-2\ OU-02 - = GRAVITY INTAKE HOOD. SEE SCHEDULES >
i \ AND DETAILS FOR MORE INFORMATION. %2 5
+ 6 “ 6 6 INSTALL PER MANUFACTURER'S < | =
AVLS-0 - HVLS-06 - AVLS-0 - AVLS-08 RECOMMENDATION. .
4 |[FURNISH AND INSTALL GAS FIRED RADIANT Qo
+a0 T mE Bl HEATER. MAINTAIN MANUFACTURER'S 5
| RECOMMENDED CLEARANCES. SEE
12"x12"—_] SCHEDULES AND DETAILS FOR MORE =
i INFORMATION. z
S 6 5 |FURNISH AND INSTALL WALL-MOUNTED &)
| _| EXHAUST FAN. BASE OF FAN SHALL Z
EF-11 APPROXIMATELY BE 22'-0" AFF. SEE &
— SECHEDULES AND DETAILS FOR MORE

L min L] INFORMATION.

6 FURNISH AND INSTALL NEW ROOF MOUNTED
EXHAUST FAN. SEE SCHEDULES AND
DETAILS FOR MORE INFORMATION. INSTALL

PER MANUFACTURER'S RECOMMENDATION.
(5) EUH-04

= EF-12

G

BN BN BN EF-08

RH-05 RH-09

IR A Ly

CENTER
11800 TAYLOR MILL ROAD, INDEPENDENCE, KY 41051
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SECOND LEVEL - AREA D - HVAC PLAN
KENTON COUNTY SCHOOL DISTRICT SUPPORT OPERATIONS
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FIRST LEVEL - WAREHOUSE ALTERNATE - MECHANICAL PLAN

L-04

GUH-07

EF-16

(1)

GUH-08

O

EXHAUST FAN SCHEDULE

SCALE: 1/8"=1'-0"

MARK MANUFACTURER MODEL CFM ESP (IN H20) SONES DRIVE TYPE RPM V/IPH/HZ HP FLA REMARKS
EF-16 GREENHECK CUE-090-VG 200 0.13 in-wg 1.4 Direct 738 115/1/60 0.10 2A ALL
REMARKS:
1. PROVIDE WITH UNIT MOUNTED DISCONNECT.
2. PROVIDE WITH MOTORIZED DAMPER.
3. OPERATION OF EXHAUST FAN SHALL BE INTERLOCKED WITH THE OPERATION OF THE LIGHTING FOR THE WAREHOUSE.
4. CONNECT EXHAUST FAN TO DDC MONITORING SYSTEM: PROVIDE FAN STATUS PARAMETER TO SYSTEM.
OTHER ACCEPTABLE MANUFACTURERS INCLUDE: RUSKIN, UNITED ENTERTECH. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.
PRESSURE FREE AREA VELOCITY
MARK MANUFACTURER MODEL INTAKE/EXHAUST WIDTH HEIGHT DEPTH CFM DROP (IN) (SQFT) (FPM) REMARKS
L-04 GREENHECK ECD-401 Intake 1'-4" 1'-0" 0'-4" 200 0.038 0.4 473 ALL
REMARKS:
1. LOUVER COLOR SELECTED BY ARCHITECT.
2. COORDINATE ALL LOUVER LOCATIONS WITH ARCHITECT AND ENGINEER PRIOR TO INSTALLATION.
3. ALUMINUM CONSTRUCTION.
4. DRAINABLE BLADES.
5. PROVIDE INSECT SCREEN.
6. PROVIDE WITH FACTORY MOUNTED DAMPER ACTUATOR. CONTROLS CONTRACTOR SHALL PROVIDE REQUIRED POWER TO ACTUATOR.
7. INTERLOCK OPERATION OF DAMPER WITH EF-16.
OTHER ACCEPTABLE MANUFACTURERS INCLUDE: CARNES, COOK. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.
OUTPUT
MARK MANUFACTURER MODEL CFM INPUT (MBH) (MBH) HP AMPS FLUE SIZE V/PH/HZ MCA MOCP REMARKS
GUH-07 REZNOR UBX 759 45 36.9 1/6 3.7 4 115/1/60 5.6 15 ALL
GUH-08 REZNOR UBX 759 45 36.9 1/6 3.7 4 115/1/60 5.6 15 ALL
REMARKS:
1. HORIZONTAL GAS FIRED UNIT HEATER.
2. PROVIDE FLUE AS REQUIRED BY MANUFACTURER AND ROUTE PER PLANS.
3. PROVIDE WALL MOUNTED THERMOSTAT.
4. INSTALL AS HIGH AS POSSIBLE.
OTHER ACCEPTABLE MANUFACTURERS INCLUDE: TRANE, MODINE. REFER TO SPECIFICATIONS FOR ADDITIONAL REQUIREMENTS.
PLAN NORTH
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/
/
/

/
/
/
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GENERAL NOTES:

SEE SHEET M001 FOR MECHANICAL
LEGEND AND GENERAL NOTES.
COORDINATE WITH OTHER DISCIPLINES
PRIOR TO INSTALLATION OF MECHANICAL
COMPONENTS.
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HEET KEYNOTES

S

FURNISH AND INSTALL GAS FIRED UNIT
HEATER. MAINTAIN MANUFACTURER'S
RECOMMENDED CLEARANCES. SEE
SCHEDULES AND DETAILS FOR MORE
INFORMATION.

FURNISH AND INSTALL WALL-MOUNTED
EXHAUST FAN. BASE OF FAN SHALL
APPROXIMATELY BE 10'-0" AFF. SEE
SECHEDULES AND DETAILS FOR MORE
INFORMATION.

FURNISH AND INSTALL OPERABLE LOUVER.
BASE OF LOUVER SHALL APPROXIMATELY BE
10'-0" AFF. SEE SCHEDULES AND DETAILS
FOR MORE INFORMATION.

ENGINEERING - ARCHITECTURE - GEOSPATIAL

WWW.grwinc.com

WAREHOUSE ALTERNATE - MECHANICAL PLAN

CENTER

KENTON COUNTY SCHOOL DISTRICT SUPPORT OPERATIONS
11800 TAYLOR MILL ROAD, INDEPENDENCE, KY 41051
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GENERAL NOTES:

SEE SHEET M001 FOR MECHANICAL
LEGEND AND GENERAL NOTES.
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PRIOR TO INSTALLATION OF MECHANICAL
COMPONENTS.
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SEE SHEET MP402 FOR CONTINUATION.

2

CONNECT HOT WATER SUPPLY AND RETURN
PIPING TO NEW VAV BOX. SEE DETAIL FOR
CONNECTION INFORMATION, TYPICAL.

HYDRONIC PIPING UP TO SECOND FLOOR.
SEE SHEET MP405 FOR CONTINUATION.
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GENERAL NOTES:
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LEGEND AND GENERAL NOTES.
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S

SEE SHEET MP406 FOR CONTINUATION.

CONNECT HOT WATER SUPPLY AND RETURN
PIPING TO NEW VAV BOX. SEE DETAIL FOR
CONNECTION INFORMATION, TYPICAL.

SEE SCHEMATIC MECHANICAL ROOM PIPING
DIAGRAM DETAIL FOR MORE INFORMATION.

FURNISH AND INSTALL NEW GAS-FIRED
BOILER. INSTALL PER MANUFACTURER'S
RECOMMENDATION. PPROVIDE WITH 6"
HOUSEKEEPING PAD. SEE DETAILS AND
SCHEDULES FOR MORE INFORMATION.

FURNISH AND INSTALL NEW INLINE BOILER
CIRCULATING PUMP. INSTALL PER
MANUFACTURER'S RECOMMENDATION. SEE
DETAILS AND SCHEDULES FOR MORE
INFORMATION.

BYPASS PIPING WITH CHECK VALVE.

FURNISH AND INSTALL NEW BASE MOUNTED
ZONE PUMP. INSTALL PER
MANUFACTURER'S RECOMMENDATION.
PROVIDE WITH 6" HOUSEKEEPING PAD. SEE
DETAILS AND SCHEDULES FOR MORE
INFORMATION.

INSTALL PER MANUFACTURER'S
RECOMMENDATION. MOUNT AS HIGH AS
POSSIBLE. SEE DETAILS AND SCHEDULES
FOR MORE INFORMATION.

FURNISH AND INSTALL NEW AIR SEPARATOR.
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FURNISH AND INSTALL NEW EXPANSION
TANK. INSTALL PER MANUFACTURER'S
RECOMMENDATION. PROVIDE WITH 6"
HOUSEKEEPING PAD. SEE DETAILS AND
SCHEDULES FOR MORE INFORMATION.

10

PIPING TO MAKE-UP WATER STATION. SEE
DETAIL FOR MORE INFORMATION.

11

HYDRONIC PIPING DOWN TO FIRST FLOOR.
SEE SHEET MP401 FOR CONTINUATION.
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GENERAL NOTES:

1. SEE SHEET M001 FOR MECHANICAL
LEGEND AND GENERAL NOTES.

2. COORDINATE WITH OTHER DISCIPLINES
PRIOR TO INSTALLATION OF MECHANICAL
COMPONENTS.
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SEE SHEET MP405 FOR CONTINUATION.

2 |CONNECT HOT WATER SUPPLY AND RETURN
PIPING TO NEW VAV BOX. SEE DETAIL FOR
CONNECTION INFORMATION, TYPICAL.

3 |HYDRONIC PIPING DOWN TO FIRST FLOOR.
SEE SHEET MP402 FOR CONTINUATION.
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