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SPECIFYING COMMISSIONING 
FOR BUILDING HVAC SYSTEMS 
G.W. Gupton, Jr., P.E. 
ASHRAE !=el/ow 

ABSTRACT 

The objective of systems commissioning is to bring a building's HVAC systems from a state of 
static completion into dynamic operation. 

The commissioning process requires many specialized 
organizations. When those operations are not made a 
requirements by adequate specifications, the contractor 
consequently, the work is not done under the contract, 

operations by separate persona or 
part of th•e construction contract 

has no baai11 for pricing the work; 

Thia paper provid!:'s guidance for planning and specifying HVAC sy, tems commissioning work 
including the cleaning and identification of equipment and piping, cleaning and de gr ea a ing 
piping systems, chemical treatment program, lubrication, graphic operating instructions, 
operating and maintenance manuals, control system chec�out, preparation for testing and 
balancing, and instruction of operating and mai�ntenance personnel. 

INTRODUCTION 

When ASHRAE established a Task Group on Testing and Balancing in 1968, the early 
organizational meetings included much discussion on the desirability of including syatem11 
commissioning under the overall subject of testing and ba\ancl.ng, The consensus was that the 
two subjects, though closely related, are diverse enough lo ju�tify separate treatment in the 
ASHRAE technical committee structure. Testing and balancing had received the most publicity 
and ASHRAE member support and was the logical subject for a new task group which developed 
into TC 9.7, Testing and Balancing, in 1972. At about that time, a new technical committee 
was established to study the maintainability, reliability, and durability of ASHRAE-related 
systems, and it developed into the current TC l. 7, Hr.intenance, Maintainability and 
Reliability. In studying the overall subjects included in the scope of TC l. 7, a need for 
systems commissioning has become evident. TC 1.7 has ct>ordinated with TC 9.1, Large Building 
Air Conditioning Applications, the present at ion of a eerie.a of papers to define syotems 
commissioning and to provide material for an ASHRAE guideline on systems commissioning. 

LOCATION OF SYSTEMS COMMISSIONING SECTION IN PROJECT MANUAL 

Hoot specifications for systems commissioning in new building construction and retrofit will 
be included in a project manual which will b,� arranged in accordance with the Construction 
Specifications Institute' o Master format. Familiarly known all the CSI Format, it .irovideo a 
uniform approach for the organization in Divisions l thri>.,gh 16, with Divj11ir.-n l being 
"General Requirementii," Division 15 being "Mechanical, 11 and Di"· is ion 16 being "Electr .. �al. 11 

The location of spec if £cat ions for tee ting and balancing has been shifted in re•. is ions of 
the Hasterformat betwee11 Divisions 1 and 15. The location of systems commissioning, �hen it 
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ii recognized by the Maaterformat 1 may be subjected to limilu juggling. Moat engineers 
�refer to keep both te1tin1 and balancing and 1y1tema c�111111iaaioning in Division 15, 
''Mechanical," for the greatest ease of administration. Some arC'hitecta prefer to have the 
work specified in Divhion 11 "General Requirement a 1" in order that their field peraonne 1 may 
include the mechanical work in their project closeout. In those cues where the engineer'• 
fee i• determined •• a percentage of construction coat, any work deaigned by the engineer must 
be apecified under Division 15 10 that ita coat will be included in the "Mechanical" cost 
accountina. 

Thia writer was a �.ber of lhe original taak group on testing and balancing. His interest 
in the completion phase of projec.ta designed in his office was put to good use in preparin� a 
CS! guide specification on teating and balancing in 1968 followed by·CSI monographs on systems 
co11111h'aioning and warranty maintenance. The testing and balancina guide specification has 
been widely used but the monograph• have not been widely diatributed. 

''Warranty maintenance h another name for "firat year'• maintenance in the contract" and is 
widely used by some aultibuilding ovnera in the Southeast. "Sy1te1111 commiuioning" is another 
name for "•y• tem aetup 1 atar"-up 1 and checkout." These three sub jecta are closely re lated. and 
- when taken toaether in their loaical sequence of ay•tema commiaaioning; testing, balancing, 
and adjuating; and warranty aaintenance - can provide those operations that are vital to a 
a111ooth-runnin11 efficient, and effective aet of building system•. 

Another related subject is "fine tuning automatic control system", which outlines 
procedure• for 1ettin1 up automatic temperature control systems for the optimum operation of 
occupied buildin1111 using feedback comments from the building occupants. That subject is 
worthy of further study and development. 

SYSTEMS COMMISSIONING - What it is and how to specify it 

What is systems commissioning? Is it start-up and checkout? Ia it preparation for testing 
and ay1te111 balancing?· "r is systems commi11ioning just the cleanup of all the little details 
left undone from the construction phase 1 which must be done before the request for final 
inapectlon? 

The answer to these questions is a resounding "YES •11 Systems commissioi.:.ng is all of these 
things and more besides. 

System• commissioning is the work done After the pipefitters, plumbers, sheet metal 
workers, insulators, and contr.ol systems installers have completed their work and left the 
site. It is those varied and all-important tasks required to change a static complex of 
ductwork, piping, and equipment into a dynamic, operating environmental control system, ready 
to serve the building with a reasonable expectation of delivering performance within the 
design intent. 

Because of the multitrade and detailed ·nature of the work of systems commissioning, it is 
neceuary to use a checklist approach to ensure that all the work is done in a timely and 
proper manner. It is also neceuary to completely specify the work. The requirements for 
preparation for testing and balancing, as evolved for the CS! monograph on testing and 
balancing, serve as a useful checklist for discussing systems commissioning and for writing 
the specifications to cover the vork of systems commissioning. 

The "state of static completion" requires some "dynamic" operations that are necessary to 
safeguard the equipment from damage during the period of completion. 
The item.a that should be covered by the checklist are to: 

1. Verify that air distribution products installation is completed. 
2. Verify that filter installation is completed. 
3, Verify that lubrication of equipment is completed. 
4. Verify that instrumentation installation is complete. 
5. Verify that hydronics systems have been cleaned and filled with heat transfer fluid. 
6, Verify that refrigerating systems have been leak tested, evacuated, and filled with 

refrigerant and fresh oil. 
7. Verify that the system start-up is complete. 
8. Verify that stuffing boxes and packing glands on pumps and valves have been adjusted. 
9. Verify the rotation of electric motors and ratings of overload heaters. 
10. Verify that rotating equipment has been aligned and that belt drive tension has been 

adjusted. 
11. Verify that control diagrams and sequences have been corrPcted to "as-built." 
12, Verify that safety and operating control setpoints are designed anti that automatic 

control sequences have been checked out. 
13, Verify that io1tallatlon1 have been cleaned up and that temporary coverings, stickers, 

and taga have been removed. 
14. Verify that painted finishes have been repaired where da�aged. 
15. Verify that equipment and piping idl!.atification work has been completed, with valve 
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taa• and achedulea and a pipina identification ayate•. 
16. Verify that fina on extended aurface heat trana fer coil a have been combed out where 

damaged. 
17 • Verify that one aet of operating and maintenance unuala baa been prepared eapecially 

for uae by teating and balancing technician•. 
Additional itema that muat be included when 1pecifying 1y1tem com111ia1ionin1 work are to: 

18. Instruct building operating and maintenance peraonnel in all a1pect1 of the 1y1tem for 
operation• and .. intenance. 

19. Complete installation of guphic operational data 1uch aa atart/atop inatructiona, 
valve taa achedule, and piping identification achedule. 

20. I111plement the water treatment program, 'lith initial qualitative teating of fluids in 
the ayatema and of the domeatic water 1upply, checkout of the chemical feeder 
equipment, and inatructiona to the chemical'• aupplier aa to reaulta deaired. 

A review of the ayatema commisaioning checkliat will reveal that there i1 a� of 
continuity through the operations, with each one serving aa a prerequisite t �e ext 
operation and each being dependent ui:on performance of preceding operat io ns . '  is 
recommended that the specifications arising from the checklist be structured to maintain the 
same continuity as the checklist. 
Now leta get down to the apecifica of specifying. 
useful mean• for organizing the apecificationa. 
theae elements: 
Part I - General 

The CSI three-part section format serves as 
Under that format, the parts would contain 

1.1 General Requirements. Rel•te the aystem commissioning work to the overall project. 
1.2 Description of Work. Give a thumbnail description of the work to be done with some 

mention of the philosophy of results intended. 
1.3 Report Submit tale: List the report• that are required .to be prepared under systems 

commiu ioning. 
�art 2 - Products 

2.1 Identification Materials, Describe 
and pipe legend markers. 

the stenci la• tapes, tags• engraved nameplates, 

2,2 Graphics for Operational Data, Describe the reproduction proceu dt:•sired for long 
lived, nonfading diagrams• schedules• and sequences. Describe the frame and glazing 
desired, auch as 1/8 '' thick polycarbonate aheet in extruded aluminum frame. 

2.3 Organizations for Cleaning and Degreasing. If the aupervision of cleaning and 
degreasing operations and furnishing chemicals is to be done by an outside 
organization, list those organizations along with chemical suppliers when the 
organization is not primarily a chemical vendor. 

2 .4 Chemicals for Water ·Treatment. List the acceptable manufacturers, and describe the 
packaging deaired. Normally, the specific chemicals are not known at this time and 
the specific chemical form, auch as briquette, liquid, or powder, has been guessed at 
if the feeding equipment has been previously specified. 

2.5 Equipment for 'Water Treat ment . Describe the equipment is to be installed under system 
commissioning. Because each chemical treatment manufacturer has its own formulations 
for control and algae• corrosion, and scale, it is wise to coordinate the fee ding 
equipment with the chemicals to be fed by specifying both chemicals and equipment 
under systems commies ioning. It is necessary in this cue to provide for connecting 
p oint s into the piping system and equipment as plu gg ed or valved outlets specified and 
detailed under the piping and equipment installation work, 

Part 3 - Execution 
3.1 Air distribution Checkout. Provide for a visual check that air distribution products 

' are installed and adjusted for "best guess" performance. 
3.2 Filter Checkouts. Provide for a visual check of filter installation. For panel 

filters, provide for adjustment of latching devices, installation of end spacers in 
filter boxes, and for proper latchi1;; and sealing of access doors. For roll filters, 
check for installation of media in curtain guides and over tensioning devices for 
interlocking of controls with fan operation and for setting of pressure and time 
controls. 

3.3 L ubrication. Provide for prepatation of a lubrication schedule listing for each piece 
of equipment requiring lubrication, the points to be lubricated• the product and the 
application device to be used, and the frequency of lubrication required, Next, 
provide for the initial lubrication of the equipment, along with flushing of anti-rust 
compounds that may have been furnished by the manufacturer. 

J,4 tn1tru111nt•tion, Provide for a check of ins t a l lat i on of air filter gaugE!s, pumps, 
then1ometers • thermometer welll, pilot . trave rse stations, and flow-measuring devices. 
That check includes verification of Cl) l ocat i on of point for reading to be certab 
that the device is meaa u�ing what it ia intended to measure; (2) type 

'
of device, such 

aa thermometer well for bi-metal stem ver sus test stem for a glas stem the rmometer; 
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(3) •ca le range, •uch a• a compound gauge at conden1er water pump •uction or otherwise 
to place the normal reading at near mid-range <>f the •ca le; ( 4) proper posit ion of 
in1trumentat ion to al lot1 reading from a convenient location, for reading pairs of 
instrument• from one location. and for acce••, 1uch a1 to thermometer teat we l ls where 
21 inch long 1/10 •p thermometers are uaed; and (5) ca libration of instruments, such 
a• air filter gauge•. 

3.5 Hydronic1 Sy•tem Heat Tran1f'...,1r F l uid1. Specify the work of cleaning and degreasing 
piping •Y•tem•, pre-treatment of water in cl oeed circu lation systems, and charging of 
antifreeze •olutione or other ·'h .. •t transfer f l uid&. The procedures for cleaning may 
vary from a a imp le f lushing at 

"
city water preuure, through preuure flushing vi th 

booster pump•, to a chemical treatment with •ubsequent water f l ushings. After initial 
cleaning, the piping eystems are ready for pump &tart-up so that fine mesh temporary 
start-up &trainer• can remove the remaining particulate& above the strainer mesh size. 
During start-up &training operation•, the pressure drop across the strainer is 
monitored and the &trainer medium is changed when it i1 loaded, Each change of media 
shou ld go to a finer mesh unti l the desired level of particu late size and 
concentration ie achieved, On ay•tems having a continuing inf lux of particu lates, 
such as from underground piping systems, it ia deeirable to provide a centrifuga l-type 
separator in the circu lating lines. The overal l  eubject of c leaning, with the many 
methods of cleaning and pretreatment, cou ld take hours to discuss in detail. 
Degreasing preeents a similar situation, I wi l l  onl y  say that degreasing needs to be 
ccordinated with cleaning and pretreatment by a person fami liar with chemical 
reactions to avoid injury to personnel performing the deg!'easing and damage to the 
p1p1ng system through r•!action between cleaning, degreasing, and pretreatment 
compounds. Pretreatment mU11t be carried out carefu l ly since it is usual ly done with 
system pumps running and •1ith fair ly high concentrations of chemicah heing fed into 
the ayatem. Damage to pump ahaft sea ls often results from improperly performed 
c leaning, degreasing, and pretreatment operations. The water used in filling the 
ayetem must be c l ean and pure, genera l ly domeetic potabl� water. Care must be 
exercised in fi l ling to avoid cross-connect ions and bacltf low to the pot ab le water 
systems. 
Charging brine or g lyco l systems requires carefu l coordination in the system deeign 
phase tu provide the specialty products needed for filling and p ressurizing the 
system. Judicious use of diaphragm type compression tanks and air venting into 
containers of the circulated fluid help in charging the bystem. 
Initia l charging and p ressu ri zation of medium temperature water (HTW) and high 
temperature W8'ter (HTW) aya teme must be specified in detai l to assure proper system 
operation and to protect piping and equipment from pressure surges and destructive 
water hammer. Carefu 1 coordination in the system design phase is required to provide 
the specialty items required for system pressure control by inert gas, generally 
nitrogen. System operating pressures ia the 170 to 20C• peiy, range require careful 
selection of piping eyetem components and careful leak testing of the comp leted piping 
system. 

3.6 Refrigerating System Charging. Provide for verification of completion of operations 
specified un.der the system installation oection, then epecify evacuation, charging 
refrigerant, dehydration, and providing fresh -oi L Often, factory-charged systems 
wil l be found to have improper refrigerant charge and muet be ad j usted to the proper 
operating charge for the temperat ure and load cond itione of the installat i on . System 
with winter charge receivers for condenser capacity control may be started during 
auamer conditions but must be rechecked during outside conditions approaching minimum. 
The charge must be adjusted to provide the ability to control head pressure at the 
minimum level. 
As a fol lowup on this part of sys tems commissioning, speci fy the monitoring of 
moisture in the refrigerant circuits and the changing of dehydrator cores when their 
moisture-hol ding capacity is reached. 

3.7 Start-up. Adequate start-up procedur�e c"'r be the most effective insurance of all to 
protect against premature failure of the building sy11tems. Ideally, start-up 
procedure& would be performed by factor y-trained service technicians but 
rea lietical ly, start-up procedures are perfomed by either the contrac to r ' s st

0
art-up 

crew or by the manufacturer's (or his agent's) sales personnel . In euch case it is 
desirab le to work from a checklist. Such a check-list will be eff�ctively subdivided 
into three time frames: Cl) pre-eta x-t-up , (2) first run observation, Rnd (J) equipm•nt 
checkout, Typical operation perfonnned in each part ere: 
1. Pre-star t-up Inspection: 

A. Verify proper equipment mounting and setting. 
B. Verify that contro l ,  inter lock, and power wiring are complete. 
C. Verify a lignment of motore and drives. 
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D. Verify proper piping connections and accessories. 
E. Verify that lubrication is complete. 

2. Firet Run Observation: 
A. Verify direction of rotation. 
B. Verify eetting of aafety controle. 
C. Monitor heat buildup in bearinge. 
D. Check motor loade againet nameplate rating&. 

3. Equipment Checkout: 
A. Verify t�e proper overload heater aizee. 
B. Verify function of safety and operating controle. 
C. Verify proper operation of equipment. 
D. Report on inepection, obeervation, and checkout proceduree. 

Some ownera, particularly governmental agenciee, require certification by affidavit 
that etart-up procedurea have been performed and that equipment inetallation ie in 
accordance with the manufacturer'• written inatallation recommendation&. Under such 
requirements, the etart-up procedure• take on additional C"Ontractural importance 
becauee of their effect of extending the warranty terme beyond the normal acope. 

3.8 Stuffing Boxee and Packing Glande. Provide for adjustment of atuffing boxes on pump 
ehafta and for packing glands on valve steme. Stuffing boxes on pumpa are packing 
glande ueing packing material to suit the pump duty, with graphite and lubricant 
impregnated asbeetos being an old standby for condeneer water service. Valve packing 
may be TFE impregnated aellestos, solid TFE, or 0-rings. In all packing materials 
there is a lubricant to ease the friction in rotation. In pumpc, the frictional heat 
generated is cooled by a liquid, either the pumped liquid or an external liquid 
supplied to· lantern rings in the packing gland. Therefore, adjustment of pump stuffing 
boxes requires that eome liquid leakage be preeent during ope rat ion. To stop liquid 
leaks on stuffing boxee is to cause da'llage by overheating of packing and 11haft. 
Mechanical shaft seale do not leak when in good condition so that a leaking seal may 
be a sign of incipient failure. Valve packing, on the other hand, can be adjusted 
just tight enough to stop leaks but not tight enough to bind the etem. 

3.9 Motor Rotation and Overload Heaters. Provide for a visual inspection and verification 
of motor rotations. It ie possible for motor rotations to have been checked by the 
electrician when power connections were made on temporary electric power. Then, when 
final connections were made to the permanent transformer bank, croaeed phasing 
reversed the rotation of all three-phase motors on the system. This is an important 
check, which causes some unusual operating conditions when overlooked, and is 
difficult to explain to the layman. 
Provide for checking and recording overload heater data and operating conditions. The 
firet step is to abstract the motor nameplate amperage for the voltage applied, _then 
read the motor's full-load current and the voltage at the terminal box. If the applied 
voltage is different from the motor nameplate, determine whether the applied voltage 
is within the range al lowed under the motor guarantee. If not, take the necessary 
action to change the motor or the applied voltage. 
When the voltage is off the nameplate value, but within the allowab le range, compute 
the equivalent amperage at nameplate voltage and compa.re to the overload heater 
amperage rating range. At this time, �onsider whether the ambient temperature of the 
stliri-oor is above, below, or the same as the ambient temperature of the motor. If the 
two ambient temperatures are not the same, use overload heaters of higher range for 
"hot area" starters or ones of lower range for "cold area" starters to compensate the 
heater trip point for heat gains or losses with the environment. 

3.10 Alignment of Drives. Provide for aligning drives, belt and direct coupled, and for 
adjusting belt tension. When checking axial alignment of iJhaft couplings, it is also 
necessary to check the end clearance between shafts as a final step in this procedure. 
Improper clearance in the coupling will cause noise and premature failure of the power 
transmitting elements of the coupling. When aligning sheaves in V-belt drives, 
seversl points bear discussion. With single groove fixed- and variable-pitch sheaves, 
the drive is aligned with the faces of both Rheaves parallel and on the same 
center line. With multiple-groove variable sheave11 driving fixed-pitched sheaves, a 
problem arises in that the groove spacing on the variable-pit ch sheaves varies with 
adjustments in pitch diameter and the spacing is never the same as on the fixed-pitch 
sh eave. In this case, the best approach is to align drives with sheave faces parallel 
and with centerlines of the grooved widths of sheaves in line. Belt tension can cause 
problems. If belts are too loose, 1tlipping results, which glazes belt edges and 
groove faces thue causing more slipping and more glazing, with declining performance 
and n�ise on the dr�ven machine. On the other hand, if the belts are too tight, 
excessi.ve loads are imposed on the belts. When motors with belt drives are to be 
cycled from electric load management automation systems, the conventional belt drive 
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is likely to be the source of trouble when multi-groove variable pitch sheaves are 
used. I t  is bes t t o  use fixed-pi t ch sheaves wi t h  composite belt s  having mult iple deep 
vee vect ions laminated to a flat belt backing. That combina t ion avoids s t ret ching 
individual belts on start-up from unequal friction in the grooves due to glazing• In 
t he composite belt• gripping is done by th e vee sect ions and t he s t re t ch producing 
power t ransmission is done by flat belt backin g. 

3.11 Cont rol Diagrams and Sequences. Provide for coordination wit h  work under the 

automatic con t rol system to have the control diagra11lB and sequences of operation 

corrected to "as installed, " reflecting changes brought about in response to cont ract 

modifications and to the more pragmatic changes -in diagrams and sequences to make t he 

installed system control the building systems as intended by the designer. 1'hese 

la t ter chan.ges are -of t e n  evolved when performing a formal control system checkou t ,  

where each sequence i s  checked throughout its full range and setpoints are verified. 

In mult iunit systems, it is desirable ro have one system diagram and its sequence per 

drawing for the ou tlying mechanical rooms wit h  the cent ral plan t diagrams on several 

drawings. Labeling con t rol instrumen t s  wit h  func tional designations on the drawings 

and in the sequences, as well as inst alling corresponding nameplates on each 

ins trumen t ,  is a great help in checkou t and in maint enance. These lat t er points 

should be specified under the automatic con t rol systems section. 
:Ll2 Safety ar•d Opera ting Con t rol Set poin t s. Provide for sys t ematic checkout of safe t y  and 

operating con'trols of equipmen t ,  along wit h  operational check of associa ted control 

se quences, such as condenser water bypass valves, cooling tower fan cycling, and pump 

pressure bypass. Because mos t of the safet y  cont rols• and some of the operat iog 

controls nre furnished fac tory mounted wit h  the equipmen t, t here will be no checkou t 
of t heir operation under t he aut omatic con t rol sys t em unless tha t checkou t is 

specified in enough detail to be priced by the automa tic cont rols sys t em contract or. 
The checkout of safety and operating con t rols sys tem checkout of associa t ed control 
sequences can be combined with the work men tio�ed under 3.11 above. 

3.13 Clean-up of Ins t allat ion. Provide for a thorough cleaning of the ins tallat ion eit her 
in preparat ion for finish painting or for final acceptance. Many different types of 
operations are required in t his work, including removal of temporary coverings 
inst alled for protection of t he work; removal of adhesive-applied st ickers, except 
those giving specific maintenance ins truct.ion, which were in tended to remain for use; 
removal of cord and wire affixed tags, except equipmen t  ident ifica t ion stencils; 
washing down surfaces t hat are to receive finish pain ting, using cleaning compounds 
in tended for that use; cleaning ot he r  surfaces• eit her those wit h  factory finish or 
t hose t ha t  sre not t o  receive any addit ional finish painting; cleaning coating 
spat ters and overruns from insula t ion installat ion and finishing; and cleaning inside 
control cabine ts, to remove dirt and scrap material from connec tions to t he panel, by 
blowing out wit h  compressed air or by vacuum cleaning wit h  brush t ipped and pointed 

··wands. Cleaning of internal portions of t he system is covered under ot her headings. 
3.14 Paintine. Provid e for touch-up of factory finishes that have been marred. This 

touch-up is in tended t o  cover the scrat ches and abrasions t ha t  can be prepared by 
light sanding or by derus ting wit h  chemical compounds such as naval jelly, t hen coa ted 
wit h  a compat ible primer followed by a ma t ching t op coa t .  Where major damage has 
occurred on a finished surface• the entire piece should be refinished, and specific 
ins tructions given for the work. Provide for fielti pain t ing of black s t eel and iron 

. �. which is expoaed to view, using a rust-inhibit ing primer and top-coa t sys tem, 
following the n�nfacturer's recommendation for surface preparation and application of 
t he products. 

3.15 Ident ifica tion of Equipment, Piping, and Valves. Provide for identification of 
equipment with nameplates and stencil led le.gends g1v1ng informa tion such as, on 
air-hand ling uni.ts, wha t is accessible through acces a door, and caution legends such 
as "Do Not Open wit h Fan Running." Provide for ident ification of piping with use of 
color-coded tape band markers or stencilled-on paint ed backgrounds. ln either sys tem, 
directional markers are applied adjacen t to equipment and valves. For sys t ems in 
buildings wit h  full-time operat ing personnel, the color-coded t ape banding system is 
very effective. For systems operated by non technical personnel types, t he abbrevia t ed 
legends are bes t ,  and a minimum of abbre viation is desirable. 
Provide for iden tification of valves using sys tema tically numbered valve t ags on the 
valves, keyed in t o  small-scale diagrams locating t he valves, and with a valve schedule 
t ha t  lis ts for l!ach tag number the valve size, service, and funct ion, such as "101. 3 
Cold Water\ Building Gervice Cutoff", Specify t he at t achment method, considering 
frequency of usage, whether handwheel or lever opera t ed, ext en t  of insula t ion, and 
visibility �f valve location. 

3.16 Fin Straightening. Provide for inspection of finned surface heat transfer coils for 
damaged fins. Wher.� pla te type fins are bent, comb out the fins using combs available 
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for each fin spacing, auch as 8 fins per inch or 14 fins per inch. Where helical 
wound fins are bent, straighten the fins with a blunt blade, like a putty knife, imd 
inspect for separation of .the fin from the tube. Heavy fin damage may be reason for 
rejection of the coil. It is al.uming to see the equipment shipped from factories 
with heavy fin damage. Some manufacturers have failed to instill in their workers an 
understanding of the necessity for protecting the delicate finning on close pitched 
fin surface coils. 

3.17 Maintenance Manuals. Provide for the preparation of manuals containing operational 
and maintenance data for the systems. This wo�k is properly the subject of a separate 
specification section, but it is often covered by a two-sentence paragraph in another 
mechanical work section. The manuals are often specified to be furnished in 
duplicate, sometimes in triplicate. Because of the work involved in assembling a 
proper manual, the number to be provided should be set in considerati�n of the number 
actually needed. For the same reas·on, it is not customar-y for the architect/engineer 
to hold a file copy, although there are times during the first year that one wishes he 
had kept a copy. Ol)e copy should be prepared early for use in test and balance work, 
to be returned when the work is completed. 
Manuals should be organized in a three-part forwat: 
Part 1 General. Provide data on the installing contractor, with principal 
subcontractors and equipment vendors, including home address, telephone nu::ibe:, and 
special telephone number for service departments on !'Ormal and emergency call bas is. 
Include copies �f inspection certificates �ssue� ��r building systems. Include 
copies of the start-up certificates and reports. 
Part 2 - Operating Instructions. Provide narrative description of system start-stop 
procedures, 11easonal changeover procedures, and routine maintenance intervals keyecl 
into Part 3. Include valve tag schedule and diagrams and piping identification 
legend, as color code or abbreviations. 
Part 3 Maintenance Instructions. Provide copies of manufacturers maintenance 
instructions along with shop drawings of the specific equipment and parts list, when a 
parts list has been prepared. On shop assembled equipment, such as rooftop equipment 
penthouses, it is desirable to have a bill of material with purchase oruer numbers for 
the vendor's identification of equipment orders. Include contractor's shop and 
setting drawings, lubrication charts and schedules, water treatment program data, and 
test and balance reports. 
The maintenance instructions for a simple project ma1 be contained in a single 
loose-leaf notebook, but more complex projects will require multiple volumes with 
pockets and fold-out drawings. An excellent reference source for maintenance manual 
format and contents is the ASHRAE 1984 SYSTEMS HANDBOOK, Chapter 39 . 

3.18 Instructions t� Owner's Operating and Maintenance Personnel. Provide for formal 
instructions to the building's operating and maintenance personnel. These sessions 
need to be organized in a classroom setting to review the operating and maintenance 
manual, followed by a walking tour of the building reviewing and identifying elements 
of each system. On a simple project, the walking tour may be adequate, but it is 
desirable to review the instructions at least once in the peace and quiet of a 
classroom. In either event, obtain a receipt from the owner's representative for the 
completed sessions. 
The astute design professional will use the system commissioning work as the principal 
trai.ni.ng ground for building system operating and maintenance personnel and for 
facilities management pers�nnel who will be responsible for the building operation and 
maintenance at the comple&ion of the project. In order to achieve maximum results, 
the training operations desired must be defined and thoroughly described in the 
specification for systems commissioning. 
The items which must be specified include: 
1. Curriculum - a listing of the systems and equipment that are to be ·covered in the 

training operations and the operating and maintenance manuals to be used, 
2. Instructor qualifications - a listing of the experience and training required for 

the instructors in the training sessions, including factory training courses. 
3. Contact hours - the number of hours required in the classroom and in the field for 

each item of equipment and system for which training is specified. 
4. Classroom - the requirements for the classroom as to seating capacity, prov is ions 

for audio-visual presentations, and chalkboards. 
S. Training aids - special requirements for cutaway models, training panels, 11nd 

demonstration models of installed equipment. 
3.19 Graphic Operational Data. Provide copies of data prepared under other paragraphs 

arranged and displayed to become graphic operational data. Most of the data will be 
in a form to be framed, with frame and glazing to be as specified under 2.2 above. In 
some cases, it is desirable to set up operating instructions on a step-by-step basis 
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with a framed set of instructions in larste print coordinated with large nu mbers at 
eac:h 11Witc:h or other device to be operated. 
For example the motor starter panel board servin1 air c:ondit ioni.ng equipment would 
have a larg� "l" on the front, the starter serving the air handlin1g unit would have a 
large "2" displayed by the pushbutton station, the starter serving the chilled water 
pump would have a large "3" displayed by the pushbutton station, and the startc: for 
the hot water pump would have a large 11411 displayed by the hand-off-Automatic: switch. 
The narrative operating instructions for daily start-stop would include under heading: 
"TO START SYSTEM" 
STEP 1. GO TO STARTER PANELBOARD HARKED "l". 
STEP 2. AT STARTER PUSHBUTTON STATION HARKED "2" PRESS "START" BUTTON UNTIL GREEN 
LIGHT SHOWS. 
STEP 3. AT STARTER PUSHBUTTON STATION HARKED "3" PRESS "START" BUTTON UNTIL GREEN 
LIGHT SHOWS. 
STEP 4. AT STARTER SELECTOR SWITCH HARKED "4" nJRN POINTE.1 KNOB TO "AUTO" POSITION· 
GREEN LIGHT WILL SHOW IF OUTSIDE TEMPERATURE IS BELOW 65 • " 
Such an instruc:tural sequence is useful where nontechnical personnel will be in charge 
of the daily start-stop of systems. A similar sequence ls necessary under the heading 
"TO STOP SYSTEMS." 
The usual graphic: operational data will include simple daily st.:.-t··'ltop instructions, 
seasonal changeover instruction, piping identification legend, valve identification 
schedule and diagrams, lubrication schedule, and control diagrams with op0rating 
sequences. 
Another worthwhile piec:e of graphic data on projects cf medium size is a set of 
drawings and specifications left in metal containers mounted on the wall of the 
mechanical equipment room with the other graphic operational data. The drawings will 
be in a round tube and the specification and sub mittal data will be in .'\ rectangular 
box with a hinged top. Each will be appropriately labeled. 

3.20 Water Treatment Program. Provide for a complete chemical water treatment program with 
preliminary water testing, recommendations for chemical treatment dosage and feeding 
method for each system, 1110nthly testing of systems under treatment, 11ervices of a 
consulting chemist, and supply of chemicals for one year's operation. 
The work of this program must be coordinated with the work of cleaning, degreasing, 
and pretreatment under 3.5 above. 
As mentioned under 2. S above, some of the water treatment equipment may be provid"'d 
under systems commissioning. Specify how the equipment is t:o be mounted, connect1 
and controlled, This requires coordination with the other specification sections 
piping connection points, materia1a for connecting water treatment equipment, Pnd 
electrical connections to provide power and control. 
Specify testing to incl•lde (1) initial qualitative testing of domestic water supp ... / 
and of the heat exchnnge fluids in the �y�tems to establish the program as to 
chemicals to be fed, the form in which th< ·�hemicals are to be supplied,. equipment to 
be used to feed the chemicals, th� feeding rate, and the concentrations to be 
maintained; (2) testing of tlt!> chemical concentration shortly after treatment is 
started to verify the dosage and to establish a continuing feed rate; and (3) 12 
monthly teats with reports to complete a year of chemical treatlllent. The monthly 
tests will be used to adjust the feed rate11 to accomplish specific goals for chemical 
treatment. Where active corrosion is anticipated due to changing water conditions, 
such as use of well water or cooling tower water in chilled water systems during 
winter operation, it is desirable to provide a corrosion control coupon loop and a 
monitoring program. This pipe loop contains a series of threaded tees, each tee 
having a plug in one end and a coupon with an identifying number of its original 
weight in milligrams. Afte.r exposure to circulating water for varying periods of 
time, the coupons will be withdrawn, cleaned, and weighed. From a coruparison of the 
final weight to the original weight, the percent loss in weight, and co-rrosion rates 
can be determined, and the water conditions can be modified before serious damage is 
done to the system. 

With all this specified, the work of systems commissioning can be priced by the contractor, 
can be checked by the engineer, and can serve to get the system off to a good start. J 

CONCL USI ON 

You may look back at these recommend at ions and think, "That is ridiculous I Any good 
contractor knows why and how to do all that, and more besides. " llut stop and think about it. 
In a competitive marketplace, the "good" contractor who knows how to do all this without your 
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specifying it wi 11 never get an opportunity to do it. He will be underbid by the "fair" 
contractors who don't know how and why these systems commissioning operations need to be done. 
When you carefully write the systems commissioning specifications from a guide like this• you 
will provide a degree of quality control on your projects. This will justify thP "good" 
contractor in <loing a thorough job and may give the "fair" contractor that added �&11ure of 
expertise needed to be a "good" contractor. 
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