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Descriptive Narrative 

General:
The Utilities Section is arranged into three sections:
1) Description of Utilities Services

2) Specifications

3) Standard Details

The Description of Utilities Services has a section to describe items that are applicable to all systems as well as sections for specific utilities, including testing methods.  This is organized by the utility cost center codes as follows:

U
Universal

DA
Compressed Air

DG
Natural Gas

DP
Sewer

DS
Steam

DW
Domestic Water

DX
Chilled water

The specification sections have been written to be incorporated “As is” Into the project documents.  Incorporation of the appropriate sections in their entirety with no modifications will ensure compliance with University Standards.  As these documents are expected to evolve over time, any suggestions for improvement are welcomed.  This narrative is for general description only to familiarize consultants with our general practices.  The actual specification sections take precedence in the event of any discrepancies.
Standard detail drawings are listed in a section that is separate from the specifications.  The designer shall be provided CAD files in DWG, DGN, and PDF formats on CENTRIC or flash drive for incorporation of all existing standard details.  Designers should not recreate details that already exist.

Utility Routing:
Each building shall be limited to one service entrance.  This may require increasing the line size on existing services and routing additional piping within the building.

Routing of utilities shall be in an orderly north-south and east-west direction.  Changes in direction shall be at 90-degree angles unless approved by the university utilities department. The ISU Utilities staff should be involved with building location planning to provide input as to existing and proposed utilities to the building. 
Site Surveys:
In anticipation of completing a site survey, the university project managers should contact ISU Utilities to discuss the scope to determine the boundaries of the affected area. Prior to a survey team beginning the survey, ISU Utilities will generate a color coded CAD drawing of the area showing the buildings, sidewalks, roads, and utilities. The CAD drawings provided by ISU shall be used as a basis for the survey crew. ISU Utility staff and landscape staff should be contacted while the surveyors are still on site to discuss and correct any confusion or irregularities found between the CAD files and the field data.
CAD files of the site survey should be provided to the university Project Manager immediately upon completion, and BEFORE being included in the first drawing submittal.  Any required corrections to the site survey should be able to be made before the first paper review copy is submitted.

As-Built-GPS files:
GPS data will be taken per ISU specifications as the pipes are going into the ground.  This data will be by outside surveyor, contractor, or Owner as negotiated during project initiation. 
Backfill Material:
As per spec, generally excavated material shall be saved and then utilized for backfill after new utilities have been installed.  Sand is not to be used for backfill unless the university utilities department has given approval.

Materials:
Materials specified for utilities shall be extended up to an interface point that is defined during the planning phase for each project.

System Codes:
On the utility maps, a series of codes is used for the various utility systems.  

DW
Domestic water

FH
Fire Hydrants

CS
Chilled water supply

CR
Chilled water return

SA
Sanitary Sewer

ST
Storm Sewer

DG
Natural Gas

HP
High Pressure steam

LP
Low pressure steam
CA
Compressed Air

Main Campus Map Component Numbering:
Components for the sewer, water, chilled water, and gas systems all use the following numbering system.  

“System code – Sequential ID number- Map column-Map Row”

The numbered items are:

Domestic water - Valves (including PIVs) and Hydrants

Chilled water supply
 - Valves

Sanitary Sewer - Manholes

Storm Sewer
- Manholes (which includes all intakes and area drains) and outfalls
Natural Gas - Valves

E.g. “DW001B12” Would be Domestic water valve number 1 on map B12.

Steam and Air System Map Component Numbering:
Components of the steam, condensate and compressed air systems appear on separate maps, as most of these items are located in tunnels.  The numbering for these items is based on their station mark location in the tunnels.  The identification system itself does not tell you what the item is; you must reference the map or use a descriptive word.  

The numbering system is “System Code -Tunnel Letter-Station Mark”.   E.g. “HP-D-1676” would be a high-pressure steam component located at 1676 ft from the start of D tunnel.  The map would tell you that this is a shut off valve.
Domestic Water-DW
General:
Domestic water service lines and distribution mains are designed to meet the potable water and fire protection requirements for each building. The City of Ames water plant that is jointly owned by the university and the City of Ames supplies water. Questions regarding system capacity and applicable codes for the university shall be directed to the university utilities department.

Fire Protection:
Fire protection from the domestic water perspective involves the sprinkler system, location of the post indicator valve (PIV) and the Siamese connection, fire hydrants and their location and the determination of the need for a fire pump. 

Utilities will perform a hydrant flow test for each project when requested by the project.   Once the results are obtained, a determination can be made on the need for a fire pump. This determination is based upon applicable codes and discussions with Utilities, EH&S, and the Ames Fire Department. If testing and a code review result in the need for a fire pump, additional evaluation is needed before including the fire pump in the design. In some cases, the Ames Fire Department will waive the requirement for a fire pump and will instead use their equipment to increase the water pressure.

This paragraph is to be incorporated into division 2 specifications. Before the fire service mains and lead-in connectors to system risers are connected to the system piping, they shall be flushed in accordance with NFPA Standard 24 Section 10.10.2. This is to remove any foreign materials that have entered the main during installation. The minimum flow rate for this is not less than the water demand rate of the system as determined by the system design or not less than 10 ft/second whichever is greater. Table 9-1.1 in NFPA Standard 24 gives flow rates required to produce 10 ft/second in pipes.

Fire department access will be determined after consultation with Environmental Health & Safety (EH&S) and the Ames Fire Department. The fire department will determine where they can most effectively fight a fire and is based on criteria such as: location on campus, type of construction, height of the building and response time. This will also help in determining the location of the PIV, Siamese connection, fire hydrants, exterior horn/strobe, auxiliary fire alarm panel and Knox Box. The Ames Fire Department prefers to have as many of the fire protection components as possible grouped together to assist in their response time.
The fire hydrant and Siamese connection are required by NFPA 15.6.5 (2010) to be within 100 feet of each other. (Ames Fire Dept had previously overridden this and stated that 150 ft was acceptable, but are now requesting the code stated 100 ft.)  On buildings less than five stories, the Siamese connection may be mounted on the building or may be yard mounted away from the building. The PIV and the fire hydrant are required by NFPA to be located at least forty feet from the building. Since a forty feet distance may be impossible for some buildings, the Authority Having Jurisdiction (AHJ) may allow these two components to be closer than 40 feet from the building. This arrangement provides a single point of service for the fire department to connect their equipment to the fire hydrant and then to discharge water into the building fire protection system through the Siamese connection. It also, gives easy access to the PIV so that the fire department can close the PIV to prevent water from circulating through the service main. The university locksmith shall provide a breakaway padlock for the PIV. The FP&M Building Maintenance Life Safety Unit shall have the keys for the PIV.
Chemistry:
The water hardness is in the range of 170-180 mg/l. Water softeners are not required for most applications.  A typical water analysis follows:

	Test for
	Typical Range.

	Total Hardness
	170-180 mg/l

	pH
	9.2-9.5

	Sulfate
	105-117 mg/l

	Sodium
	20 mg/l

	Copper
	0.01 mg/l

	Iron
	0.2 mg/l

	Lead
	<0.1 mg/l

	Zinc
	0.03 mg/l


System Pressure:
Due to the elevation difference of approximately 60 feet between the east and west side of campus, fire hydrant static pressure ranges from 70 on the west side of campus to 95 psig on the eastside of campus.  The system pressure fluctuates approximately 15 psig over a typical day.

New Services and Meters:
Domestic water and fire protection needs shall be provided by a single service valved with a PIV as shown in the standard detail(s).  There shall NOT be separate fire and Domestic Water feeds.
A fixture count spreadsheet is included at the same download site that this document is from.  If the Engineer can fill this out and return it after the design is complete, the university utilities department will size the meter.   If the fixture count spreadsheet is completed at the 65% review stage, the University will be able to return the proper meter size to be included in the construction documents.

When connections directly to City water lines are required, Utilities will provide the coordination with the City.  This allows the City and Utilities to determine who needs to provide and install meters in a process invisible to the project.  Utilities will deliver the meter from the City to the project.
Once through cooling:
Domestic water shall not be used to cool any process unless approved by the utilities department as a backup to a heat exchanger on a closed loop system.  Typically, chilled water is available for heat rejection year around.

Water Main Materials and Practices:
Water mains shall be either Ductile Iron (DI)  piping or Polyethylene (HDPE) piping.  Ductile iron piping may be used on piping 4” and larger, and all joints shall be restrained joints to prevent the need of using concrete thrust blocks.  HDPE may be used for any pipe size from 1” and larger with either butt fusion joint or electrofusion couplings.
Pipe sizing is generally based on pressure drop, but as a general rule, velocity should be limited to 14 fps or less.
Connection to Campus System:
University utility staff will install a new connection onto the existing system in order to coordinate outages to minimize the disruption to the university.  An isolation valve and valve box will normally be installed by the university and will serve as the point of interface for the contractor.  Utilities to make all final connections between new piping and active piping.  With the University in charge of all connections to existing piping, we can ensure that the proper valves are isolated and that the water is completely shut down.
Utilities shall coordinate all taps into any City mains.  Utilities will handle all notification and coordination required with City.
Backflow Prevention:
See Building piping specifications.  This is not a Utility feature.
Disinfection and Testing:
Disinfection and testing shall be accomplished as indicated in the specifications.  Total process takes about 5 working days.

On new installations for lines that are to be tied directly to City mains, Utilities will coordinate required test procedures with the City. 
Sewer - Storm and Sanitary-DP

General:
The campus sanitary sewer system is owned by the university, but it discharges into the City of Ames sewer system.  Sanitary sewers are generally gravity systems.
New Services and Meters:
Currently individual buildings are not metered for sewage use.
Sewer Main Materials and Practices – Gravity:
Lines up to and equal 15” shall be constructed of PVC pipe.  Line sizes greater than 15” shall be reinforced concrete pipe.  Pumped lines from lift stations shall be constructed of polyethylene piping.  
NO piping will be intentionally designed to be shallower than 3’.  Shallow lines interfere with other utilities and make it difficult to construct usable manholes.
Sewer standards generally meet SUDAS standards, but may have specific extra requirements, as indicated in the standard detail(s) and spec sections. 
The line shall be run in a north-south or east-west direction where possible.  Changes in direction and slope shall occur only in manholes.  Connection of more than one line shall occur only in manholes.  Tee, wye, and cross type fittings are not permitted.  Lateral connections are not permitted.
Abandoned lines are to be removed or filled with weak flowable mortar.  See ISU specifications for allowed flowable mortar mix.  DOT standard flowable fill sets up too strong for our uses. Abandoned manholes are to be removed in their entirety.

ISU NPDES:
ISU has an NPDES permit.  As part of this permit, all requirements for SWPP plans must be followed and coordinated with ISU EH&S.  Any increase in impermeable area due to a building project must be counterbalanced by proper mitigation practice, either detention, retention (infiltration), or other acceptable plan.
All plans should be brought forth for discussion at the earliest possible stage as they often affect overall site layout.  ISU will help come up with ideas for these systems.
Connection to Campus System:
All connections shall be made at manholes.
Chilled Water-DX

General

Central chilled water is typically available to meet the heat rejection needs of the buildings.  Chilled water production is located in the University Heating Plant. The system has a primary only pumping arrangement with all of the pumping requirements being provided by pumps located within the Heating Plant.  Questions regarding system capacity and applicable codes for shall be directed to the university utilities department.

Chemistry:
Disposal of treated chilled water, including laying up coils for winter, shall be directed to sanitary sewer.

Filling of chilled water lines must be coordinated with the ISU Power Plant.

Chilled water piping corrosion is controlled with a NALCO chemical, NALCO TRAC107.
System Pressure:
System differential pressure is controlled at nominally 20 psig differential between the supply and return header in the power plant.  The system distribution piping is sized to provide a nominal 16 psig differential to each building feed.  This 16 psig can drop to 14 psig during peak loads at hydraulically remote areas of campus. The chilled water supply header pressure at the power plant is set at 75 psig.  Supply pressure across campus will vary with load and elevation.  
System Temperature:
Supply temperature is approximately 42 degrees F. 
Process Cooling loads:
Any process cooling loads should be handled using a closed process cooling loop. Chilled water shall cool the loop through a 2-way plate and frame heat exchanger. If a backup is desired to the campus chilled water system, a second plate and frame heat exchanger should be added to the process loop, running on once through domestic water, or an electric refrigeration system. 

If a building process requires supply temperatures less than 42 degrees F, then a localized backup refrigeration system should be installed.  The backup systems may be set to take over automatically on loss of chilled water.  
Any required backup once through domestic water shall be visible where it enters a drain.
Secondary pumping not allowed:
Secondary pumps shall not be used to circulate chilled water within the building.

New Services and Meters:
The main building service shall be sized for a 50% growth beyond the anticipated flowrate to allow for future building system expansion.  

Chilled water systems shall not connect directly to domestic water, even with backflow preventers.
An in-line wafer-mag meter to measure chilled water flow entering the building shall be provided by Utilities and installed by the contractor according to the standard Chilled Water Meter Detail.  The mag-meter provides a 4-20 ma signal, which shall be connected to the building automation system.  The contractor shall install the meter under the direction of FP&M Utilities. University will provide chilled water supply and return temperature probes and thermowells for meter stations and install in contractor installed thredolets.  Contractor shall run wire to the instruments.  Meters and temperature probes shall be terminated and calibrated by the University.
Chilled Water Main Materials and Practices:
Chilled water mains shall be constructed of uninsulated mechanical joint ductile iron pipe with locking glands or HDPE.  Concrete thrust blocks are not allowed since locking glands negate the need for thrust restraint.
Connection to Campus System:
University utility staff will install a new connection onto the existing system in order to coordinate outages to minimize the disruption to the university.  Tapping valves will be installed by the university and will serve as the point of interface for the contractor.  The supply tap will be on the right as one looks towards the new building.  The contractor will need to install isolation valves and valve boxes.  Utilities shall make all final connections between new piping and any operating systems.
Natural Gas-DG

General:
Natural gas is provided to the University through two Alliant pressure-reducing stations to a looped campus system.  The University owns all the piping on campus downstream from the Alliant pressure reducing stations.  Questions regarding system capacity and applicable codes for shall be directed to the university utilities department.

System Pressure:

The Alliant pressure reducing stations provide gas at 50 psig at two sides of campus.  Actual pressure at each building depends on location and fluctuates during the day and during the year.  
New Building Services and Meters: 

New and modified services shall be taken from the 50-psig gas system.  Utilities will size the new service based on information from the building designer (new service will typically be 1-1/4” polyethylene).  Pressure drop in service lines nominally limited to 5 psig.  Preliminary sizing chart created to meet this goal:

	
	
	
	scfh
	

	Service line length
	Press drop allowed 

Psig/ft
	1 ¼”
	2”
	4”

	100
	0.05
	12,717
	35,067
	204,676

	200
	0.025
	8,992
	24,796
	144,728

	300
	0.0167
	7,324
	20,246
	118,170

	400
	0.0125
	6,358
	17,533
	102,338

	500
	0.01
	5,687
	15,682
	91,534


Regulators with a gas meter are mounted on the outside of each building to deliver gas to the building at 7.5” water column for general use.  Relief valves on the regulator station will be set to allow a maximum pressure of 150% of the building or generator maximum allowable operating pressure, as per Federal Standard 192.201.
Natural Gas Main Materials and Practices:
Distribution mains shall be 4” polyethylene unless special conditions exist.  The 4” pipe allows sufficient capacity for looping and for future needs. The entire system was sized to be capable of supporting fifteen 500 kw generators at the same time (500 kw generator nominally requires 6,348 SCFH.)  The sizing was based upon pressure drop of 5 psig per 1000 ft and table II-7 of the American Gas Association Plastic Pipe Manual, 1985.
Based upon pressure loss criteria a 4” system main was chosen to support 50,000 SCFH per meter service on each end of campus.  

Connection to Central Campus System:
Utility staff will make the new connections to the existing system in order to coordinate outages to minimize the disruption to the University. 

Connections not on Central Campus:
Areas not on Central Campus are provided gas by Alliant Energy.  All gas piping through the meter shall be coordinated by ISU Utility staff and installed by Alliant Energy.  The point of connection for the contractor shall be the outlet of the gas meter.  All communication with Alliant should be done through Utility Staff, to provide a consistent contact point for Alliant.  Connections to the Alliant system will use Alliant’s gas meter and regulator details.

Steam-Distribution System-DS

General:
Steam is provided from the Heating Plant for heating, hot water and process uses to most campus buildings.  The steam is distributed through a system of underground tunnels and buried pipes.  Questions regarding system capacity and applicable codes for shall be directed to the university utilities department.

System Pressure:
The pressure of the distributed steam is nominal 90 psig at the heating plant.  Actual pressure at each building depends on location and fluctuates during the day and during the year.  Pressure typically does not fall below 75 psig.  Buildings use steam at reduced pressures, often 6 psig.  6 psig was the historic pressure of the distributed low pressure steam system that is no longer in service.  Building operating pressures need not by restricted to this historical value.

System Temperature:
Nominal temperature of the 90-psig system leaving the Heating Plant is 420 degrees F.  Actual temperature at buildings may be less than this and will vary based on load and location on campus.

Historical Steam Loads:
In January of 2009, on a day school was in session and the temperature was -10 F, we took hourly steam flow readings at a large number of campus buildings.  Analysis of these readings and our historical monthly metered data allowed us to come up with a range of steam flow rates for various building types across campus.  All new steam services will be sized with an eye to these actual measurements.  

The average peak load for steam use across campus was 0.033 lb/hr/sq ft of steam.

	Campus peak steam loads based on building type

	
	Classroom lb/hr/sq ft
	Lab lb/hr/sq ft
	Residence lb/hr/sq ft
	Office lb/hr/sq ft
	Special lb/hr/sq ft

	Average
	0.025
	0.068
	0.033
	0.033
	0.045

	
	
	
	
	
	

	Min
	0.010
	0.044
	0.021
	0.009
	0.009

	Max
	0.048
	0.097
	0.047
	0.063
	0.169


Chemistry:
The steam is treated with the neutralizing amine, TRI-ACT 1820.  This is a mixture of different weighted amines, meant to condense at different distances in the steam system.  It is typically fed at a rate of 1.41 ppm (mass balance of steam production vs. feed rate).

1820 is acceptable under 21CFR 173.310 for boiler additives.

FDA limitation: may not be used where steam comes in contact with milk or milk products (for human consumption).

USDA:  Registered under NSF NON-FOOD COMPOUNDS REGISTRATION PROGRAM (former USDA List of Proprietary Substances and Non-Food Compounds) 1820 may be used to treat steam in meat, poultry, and meat products plants where steam may come in contact with edible products.

Nalco (the chemical supplier) recommends using alternate source steam when used where steam is used for direct humidification.

Typical condensate hardness returning to the power plant is 5 micromhos.
New Building Services and Meters:
Services are to be designed for 400F and 100-psig steam.  Building requirements for pressures less than 90 psig will be met by installing pressure-reducing valves within the building.  Condensate is usually pumped from the building to a gravity return system.  All condensate should be returned to the central system. Retention or dumping of the condensate during construction should be discussed with the university utility department.
Walk-through tunnels are desired for new services on central campus.  Typical tunnel configurations and dimensions are shown on the standard tunnel detail.  Direct buried pre-insulated steam and condensate piping generally serve buildings not on central campus.

Condensate meters are typically installed at each new service.  The meters are located downstream of the condensate pumps, and will be sized and provided by University Utilities for installation by the contractor.  

Steam Mains Materials and Practices:
Steam mains are typically welded steel pipe.  
All steam lines shall be fully designed by the design engineer for slope, expansion, and stress.  Results of stress analysis, pipe motion and anchor loads designed for shall be submitted to Owner as part of the design.  Full plan and profile drawings shall be created, and the plan and profile shall be approved by ISU FP&M Utilities.
Thermal expansion of the piping systems can be accommodated by, (in order of preference) expansion ells, expansion loops (generally only for buried pipe), or externally pressurized bellows joints.

Steam Tunnel System:
Tunnel lighting shall be installed in accordance with the standard lighting details.  Duplex outlets shall be installed in the tunnel at 100-foot intervals, fed from closest building, as per specifications and details.  Welding receptacles may be installed in various locations.   Tunnels lights shall be fed from a contactor located in a building.  The contactor shall be energized by a traveller from the upstream tunnel lighting.  The only switches to control the lighting shall be in the power plant.

Slopes for new tunnels are not limited to ADA slopes, but will be compared to them for reasonability [Pedestrian route max slope = 1:20 (2.9 deg), Ramp =1:12 (4.8 deg)].

Steam Tunnel Egress
Dead Ends

IOSH has defined the maximum dead end length as 20 feet (1910.37(g)(5)).  This is the basis used for proposing placement of new exits at dead ends.  Wherever feasible, new exits should be placed such that no dead end exists.  As a temporary measure, all doors to buildings should be keyed such that workers in the tunnel can exit through the buildings.

Travel Distances

IOSH does not dictate maximum travel distance to an exit, but NFPA 101 Life Safety Code (Table 40.2.6) limits travel distance to an exit to 200 feet in buildings without fire suppression systems for general industrial occupancy.  Our tunnels are not subject to fire, but are subject to dangerous steam clouds which present a similar hazard.  To meet a 200 feet maximum travel distance, the distance between exits along a corridor must not exceed 400 feet.  For the purpose of the standards, the 400 feet spacing is only acceptable where the minimum clear width (28” per IOSH 1910.37(f)(6)) and height (7’6” per IOSH 1910.37(i)) required by IOSH existed, and where travel speed was not effected by clearances smaller than those dictated by IOSH.

Based on the travel times observed or estimated, exits should be spaced not further than 400 feet or approximately two minutes apart.  ISU determined that two minutes is the time required to travel approximately 400 feet under good conditions.

In accordance with the above restrictions, new tunnels to new buildings shall typically have a new access hatch at grade at the end of the tunnel.  For security reasons, the tunnel itself will have no walk through opening into the building’s mechanical room.
New ground level accesses shall not be placed in roads, driveways, or sidewalks as they leave too much potential for conflict with vehicle or pedestrian traffic and the potential for inaccessibility during emergencies.

Connection to Campus System:
University utility staff will install a new connection onto the existing system in order to coordinate outages to minimize the disruption to the university.  Utilities will make the final connection between the contractors piping and the existing piping after all tests have been passed.

When a completely new main tunnel system is installed, the contractor shall install the connection to the building in the branch tunnel.  Consultant shall detail this connection on the plans.

Cleaning:
When more than100 ft of new steam line larger than 4” is installed, the line shall be cleaned using an air powered pipeline pig.   Expansion joints shall be installed AFTER the pigging occurs.  Valves can be either installed after the pigging, or be replaced with spool pieces during pigging.
Testing:
Testing shall not be done against live steam valves.  New lines shall be installed with caps on each end to allow testing independent from the campus system.  At times there will be joints that it is not feasible to test.  The untested welds shall not be insulated until the system has been pressurized and the welds visually examined for leaks.

Compressed Air-DA

General:
Compressed air is typically available to meet the needs of the buildings.  Compressed air production is located in the University Heating Plant.  The system has a filter and dryer system located within the Heating Plant.  Questions regarding system capacity and applicable codes for shall be directed to the university utilities department.  Total central air export demand varies from 500-900 SCFM.
Chemistry:

The air is dried to –40F dewpoint and filtered to 1 micron at the heating plant before being sent out, but residual water and oil may still remain in the distribution piping and contaminate the air.  Dewpoint is currently not guaranteed and may rise during the summer.
System Pressure:

Compressed air is provided from the Heating Plant at nominal 90 psig and is routed around campus through the steam tunnels. Actual pressure at each building depends on location and fluctuates between 60 and 100 psig during the day and during the year.

New Services and Meters:

Service mains to buildings shall be 3/4” K copper.  Copper lines shall be extended to just inside the building wall at which time a transition shall be made to match the piping material within the building.  Average airflow demand to a typical building is 10 SCFM with a maximum potential of 80 SCFM with a 2 psig loss/1000 ft.  No meters are currently installed on the compressed air lines.

Compressed Air Main Materials and Practices:

Distribution mains shall be 3” K copper unless special conditions exist.  The 3” pipe will allow back feeding from various points in the looped distribution system with 1 psig loss per 1000ft.

Connection to Campus System:
University utility staff will install a new connection onto the existing system in order to coordinate outages to minimize the disruption to the university. 

When a completely new tunnel system is installed, the contractor shall install the three way valve assembly.
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