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The mechanical systems supporting the hospital are mainly original to the building’s construction, starting 1977.  These original systems and engineering have adequately supported the facility now for 25 years.  Advances in medical technologies and types of equipment used have been adding a demand load onto the original capacities of the HVAC systems.  Today several of the larger systems used in creating the environmental conditions within the hospital are at or past their design limits.  Other essential support systems and equipment will be requiring some rework and upgrades to continue support of the building today, and into the future.  

HVAC System:

Two steam absorption liquid chillers are onsite to provide the majority of cooling to the HVAC systems.   One system, a twenty-five year old Trane chiller carries the bulk load of the facility.  During peak cooling demand season, the hospital loads push this machine beyond its design capacities.  The second unit, a six-year-old McQuay chiller, which should act as redundant backup to the Trane, sits in a nonfunctional state.   This machine has had operational faults since it original installation.  Records indicate the load and cycle design perimeters of this machine to be not efficiently compatible to the Trane, or the environmental conditions of this geographical area.  In order to sustain the current and future cooling requires of the hospital both units have been recommended for replacement with larger capacity, energy efficient systems.   

A single, dual stage-three cell water cooling tower supports the two liquid chillers.  Primarily a wooden structure, and original with the hospital’s construction, this tower is in relatively good condition for it’s age.  Repairs to the exterior have sustained the unit’s visual appearance, though many of the wood slats used to atomize the water for heat separation are experiencing levels of rot and structure deterioration.   The tower’s capacity in design was matched to support the two original chillers, and would not sustain cooling capacities of the recommended upgrades to the hospital.   This system is also recommended for replacement at this time. 

Supplying conditioned air throughout the hospital is managed through fifteen large air-handling units supporting the bulk of the building, and eight smaller dedicated units for critical, acute care and special areas.  Distribution is through a labyrinth of duct systems containing terminal reheat boxes, reheat coils, double duct mixing boxes, static control valves, steam humidity injectors as needed.    Energy recovery units are placed throughout to recapture conditioned temperatures from the air, as it is exhausted out of the hospital. The fundamental systems are good operational condition, though most of the air handlers were found with worn and leaking seals, loose filter racks, and access doors difficult to open/close.  A recommendation for repair of these items has been written.  The duct systems supporting critical areas were also found with air leaks at connection points, and damper boxes.   These leaks though minor can have adverse effects to pressures and environmental conditions required for these areas, and are recommended for repairs. 

Additional areas of the hospital’s environmental conditions were found outside of the recommended design and operational perimeters detailed in ASHRAE, and NFPA publications.  The most notable items found were. One - Low humidity levels within OR suites. Two - Inconsistent air movement and air pressure differentials within OR and isolation suites. Three - Fire damper maintenance and lack of access panels. Corrections of these deficiencies would be accomplished within the recommended repair and replacements. The following recommendations to comply with the MIL-HDBK 1191 do not fall within the current deficiency criteria though should be addressed during future construction activities.  One – Current ductwork downstream of high efficiency filters (99.97%) is constructed of galvanized steel, and should be constructed of either stainless steel, or aluminum to prevent air borne metal particulate typical from galvanizing deterioration. Two - Install clean steam system for air quality environmental humidification throughout the hospital,  Three – During the recommended DDC upgrade install additional input/output devices on all air handler filter banks, hospital thermostats, and critical environment areas with feed back to a building management system (BMS).  Link the current preventative maintenance program (including spare parts detail) into the BMS to provide real-time task assignment and recording.

Hydronic systems:

Three large gas/oil fired boilers generates a medium / high pressure treated steam used for HVAC heating water, domestic hot water heat exchange, and in duct air humidification.  A rigorous rotating maintenance schedule allows for one boiler to always be within a maintenance tear down to prevent deterioration of the internal tubes, and furnace sections.  With continual tear down maintenance and ongoing treatment of the water to prevent corrosion, these three systems and support components should experience no difficulties supporting the hospital for the next five years.

DOMESTIC systems:

Original to the construction of the building, and with a supply water history of low pH levels combined with high concentrations of lead, the domestic piping systems are rapidly reaching the end of useful service.   A galvanized steel and copper system operating for many years within a slightly high acidic level, combined with the original Lead/ Tin solder joints, this system has experienced aggressive metallurgical changes. 

Currently with the slightest jolt or water pressure disturbance, a coffee color silt can be seen dispensed throughout the hospital.  This silt and pipe deterioration has lessened since the city of Bremerton’s water corrosion control system came into use.  Though, at 25 years age and the long period of pipe wall deterioration, and thinning a recommendation for a complete domestic piping system has been made. 

DRAIN WASTE & VENT:

Like the domestic system, the low pH levels have effected this cast iron piping system.    Cutting into and creating holes within the pipes, maintenance crews have replaced many failed horizontal sections with new.  A non-pressurized system, only the horizontal runs have experienced notable damages.  With continued replacement as needed, this system should continue supporting the hospital over the next three to five years.

MEDICAL systems:

Medical gas systems are in very good condition, piping, regulators, and tanks are all well supported with no problems noted.  Isolation valves and notation panels are all functional, accessible, and easy to understand.  During a controls upgrade to include an active building management system, the notation panels and status indicators should be signaled into the BMS.   Facilities maintenance noted that both Medical Air and Medical Vacuum compressors and pumps are scheduled for complete replacement within the near future.  Various sections of piping are new, with the remainder in good operational condition.  No notable problems found.

FIRE systems:

The hospital is a fully sprinkled building.  Five essential systems protect different areas of the building.  The majority of the building is protected with a typical wet pipe system.  This includes ceiling mounted thermal link spray pendants, and standpipes with fire hose connections located on each floor. All critical areas, including OR, Emergency, Recovery, Intensive care, Delivery & ICU nursery, and IT offices are protected with a pre-action system which requires a two step smoke and temperature signal before deluging water.  The main computer room uses a compressed tank Co2 suppression system.   A full deluge system protects the wooden Water cooling tower adjacent to the hospital building, and a variety of hand held portable extinguishers are located throughout all floors of the building.   All systems are active, up to date, and in good ready conditions.
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Deficiencies:

#1 Deficiency:
The cooling demand of the hospital has exceeded the current Chiller capacities.  The Trane 360 ton steam absorption Chiller reaches it's peak capacity each summer, while the McQuay 360 ton steam absorption Chiller has never successfully sustained operation long enough to effectively assist the Trane unit.  The McQuay unit has had design and mechanical flaws since it's installation 6 years ago, and suspect the demand peak of the machine to be intolerable to the environmental conditions of this geographical area. Currently as the functional Chiller reaches capacity, maintenance staff sheds demand loads to sustain operation.  With the continued remodeling, and additions of electronic equipment these loads are expected to rise further.

Recommendation:
Replace the Trane unit with a like system up to a 500 ton capacity.  Replace the McQuay unit with two 250 ton electric centrifugal dual stage chillers. A reconfiguration of the chilled water piping system between the chillers and cooling tower plus two additional pumps would be required as well.  With the two centrifugal chillers operating in a lead and lag configuration during low cooling demand seasons the hospital could experience reliable linear indoor environmental conditions without large temperature  swings as currently experiencing.   Overall electrical power usage's would be more efficient due to the dual stage system's power consumption matching along with the seasonal cooling demand.  These dual stage chillers will ramp up capacity only as needed. As the peak season arises the absorption Chiller system would step in to manage the main load while a single centrifugal Chiller would assist as needed.  .  For redundancy, the second centrifugal Chiller would come online should the absorption unit fail or require service. Chilled water loop connecting cooling tower to both existing chillers is 8" diameter, 2 supplies and 2 return at 250’ lengths for each pipe.  2, 10 HP, 1440 gpm pumps are used with one extra as backup. Steam supply to chillers is 8" diameter 80’ run, and 2" condensate return 120’.

#2 Deficiency:
Thirteen of the fifteen air handlers supporting the building have reached an age and use that the original flexible gasket seals, access doors, and flexible connectors (used for vibration isolation) have deteriorated beyond reasonable & functional use.  On the suction sides of the air handlers, unfiltered air is drawn into the air handlers through these worn seals, while the worn seals in pressurized sides are allowing conditioned air pressures & volumes are escaping to atmosphere.   Additionally each of the internal filter rack systems has weakened to points where the filters shift in place allowing for gaps and unfiltered air to flow.

Recommendation:
Using the manufacturers approved seals and flexible connectors, isolate each air handler, remove and replace all seals and flexible connectors as appropriate.  Include new access door latches and handles.  The filter racks should be realigned with durable fasteners to original filter specifications.                                                                                  Thirteen air handlers are effected, each with six access doors and three flexible connectors averaging 4’ x4’ square.

#3 Deficiency:
Several critical care areas of the hospital requiring specific environmental conditions are experiencing considerable variances from the appropriate design and operational criteria.  These areas include operating suites, delivery, and emergency rooms.  Humidity and pressure differentials were found to be low, or below the recommended ranges. Down stream, supply ductwork and volume control dampers were found with leaks and non-functional.  Age and general use, combined with recent and ongoing construction activities would be the lead cause for these deficiencies.  Construction on the second and third floors has altered various room configurations with direct effect in the supply duct systems in question.  All area effected are serviced by air handlers 5 & 6 supplying the following room numbers (which may differ upon completion of construction).   Emergency (rooms 2607, 2608, 2600B - Oral surgery (rooms 3709, 3710, 3711, 3713) - Cystoscopy (room 4207 - OR (rooms 4208, 4209, 4210, 4211) - Delivery (room 4310, 4309 currently used as storage).

Recommendation:
Remove the corridor supply & return duct work from AHU 5& 6, and connect corridor HVAC to AHU 11 & 12.  Repair leaks in duct splice connections, repair volume damper manual controls. Install maintenance access panels to all HEPA filter housings. Test & balance all effected rooms to current design criteria. Duct is galvanized (should be Stainless steel or Aluminum per mil spec 1191) average size is 10" x10", with a total estimated length for all duct at 1425’

#4 Deficiency:
 The hospital's main computer room has a steady cooling demand that is causing the current liquid Chiller to run constantly.  The current demand is being satisfied, though with just this single 20-ton unit. No redundancy or backup is available should this system fail or require maintenance.

Recommendation:
Expand the exterior cage area with an additional equipment pad to accommodate a second liquid Chiller to match capacity of the existing unit.

#5 Deficiency:
Air handlers fourteen & fifteen used in supporting the administrative offices of the hospital both have internal fiberglass duct lining within the system downstream of the filter banks.  This material has dried to a point of is falling apart, becoming air borne and making it’s way downstream into and through supply air registers.   Landing on desks and workstations, this black sooty fiberglass looks like an ash.

Recommendation:
Remove all old internal duct lining, vacuum and clean air handlers and duct systems. Install new fresh insulation materials, and encapsulate per manufacturer specifications.

#6 Deficiency:
In 1993, it was discovered that the Bremerton City water supply contained Lead concentrations more than the action level of 0.015 mg/l per 40 Code of Federal Regulations 14.  These high concentrations were attributed the supply water’s low pH ranges of 6.1 thru 6.6 eating way at the piping systems.  At the time when the hospital was constructed, Lead/Tin solder was a standard weld used to assemble copper pipe and fittings.  With the Lead/Tin solder combined and the high lead concentrations supplied by the city, sample tests performed within the hospital found lead concentrations as high as 0.048 mg/l.   These high lead concentrations are evident of the Hospital’s galvanized and copper piping systems being deteriorated (eaten away) by the low pH levels.   In 1998 a pH stabilization system was installed at the Hospital to prevent further deterioration of the pipes.  Designed to maintain a pH range of 8 to 8.5, the system was soon abandoned due to the new Bremerton City water stabilization system coming online.  For over eighteen years of it’s 25-year life the hospital’s domestic water distribution system had been subjective to the low pH eating away, thinning the pipe walls throughout the facility.  Today evidence of a badly deteriorated piping system can be seen in the brown particle laden water produced from any faucet with the slightest disturbance. Several water fountains throughout the hospital were taken out of service during this inspection due to very strong metallic tasting water.   With booster pumps delivering water throughout the piping systems at 90 psi, current concern of bursting pipes should be noted.

Recommendation:
Replace all hot & cold insulated galvanized and copper piping throughout the facility.  Supply pumps and heat exchange tanks show evidence of rebuilding and maintenance that would not require removal and replacement, only thorough de-scaling and cleansing at this time.

Main feed cold water supply is 8" diameter Galvanized steel.   6" diameter risers, Galvanized steel with wrapped insulation delivers hot and cold up eight floors.  Each floor has four main arms at 4" diameter galvanized steel wrapped insulation (approximately 800’ each floor).  2" fingers copper (approximately 1200’ per floor) and 1"- ¾" copper drops to service points (approximately 2200’ per floor) all servicing 290 lavatories, 180 toilets, 32 urinals, 96 showers, 16 bath tubs, and 28 janitor closet, 48 water fountains, and a full galley. 
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