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Dated December 23, 2008

Project: Northland Pines High School
1800 Pleasure Island Drive
Eagle River, Wi 54521
USGBC Project Application No. 10001516

USGBC Submittal Date: June 10, 2004
Certification Received: LEED™-NC 2.1, Gold, Date: May 10, 2007
Reason for Apped: Project Non-Compliance with Prerequisites
EA2 ANSI/ASHRAE/IESNA Standard 90.1-1999
EQ1 ANSI/ASHRAE Standard 62.1-1999
l. Executive Summary
Thisappeal of theaward of LEED™ NC 2.1 Gold Certification to the Northland Pines High School

is being made at the request of Members of the Northland Pines High School Building Committee
and other concerned taxpayers and members of the community. The appellants include:

. Mr. Ronald Ritzer, an architectural design professional andlocal builder of high performance
homes

. Mr. Roderick McKinnon, acommercial property devel oper

. Mr. Patrick Smith, a construction professional

. Dr. Kevin Branham, a Doctor of Chiropractic with a Masters degree in Public Health

. Mr. Curt Hartwig, alocal businessman and community |eader

Theengineering professional s preparing thisappea wereoriginally retainedto review thedesignfor
non-compliancewith L EED™ prerequisitesdueto litigation threats made by the design team agai nst
the appellants for publicly expressing their concerns for the design provided. Both reviewing
professional s are nationally recognized for their expertisein the devel opment and application of the
ANSI/ASHRAE Standards upon which the LEED™ Prerequisites are based:

. Mr. Lawrence G. Spielvogel, PE, FASHRAE
. Mr. Mark S. Lentz, PE

LEED™ 2.1 requires compliance with Prerequisites EQ 1, Minimum IAQ Performance and EA 2,
Minimum Energy Performance and are mandatory for Certification to be granted:

1. EA2 Prerequisite, Minimum Energy Performance: Compliancewith ANSI/ASHRAE/IESNA
Standard 90.1-1999, Ener gy Standard for Buildings Except Low Rise Residential Buildings,
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(without amendments).

2. EQ1 Prerequisite, Minimum IAQ Performance: Compliancewith ANSI/ASHRAE Standard
62.1-1999, Ventilation for Acceptable Indoor Air Quality, (plus approved addenda, or
ANSI/ASHRAE Standard 62.1-2001 (62.1), Ventilation for Acceptable Indoor Air Quality,
(as originally published).

Also claimed was a point for:

1 EA1, Prerequisite, Fundamental Building Systems Commissioning: Compliancewith Section
6.2.5.4 of ANSI/ASHRAE/IESNA Standard 90.1-1999, Energy Standard for Buildings
Except Low Rise Residential Buildings, (without amendments) (90.1) and ASHRAE
Guideline 1-1996, The HVAC Commissioning Process.

Complete access to fina project documents was not provided or available. A brief tour of the
building was made on September 23, 2008.

The following documents were reviewed.

Construction plans, specifications, and addenda
Selected air handling unit submittal data

Final Testing and Balancing Report

Record temperature control documents

Product manufacturers data

USGBC Point summary

ASHRAE Standards

Wisconsin Codes

Theappellantsarechallenging theaward of LEED™ NC 2.1 Gold Certification for Northland Pines
High School on the basis that the design and construction of this facility do not meet LEED™
prerequisites EA2 and EQ1. Most of these deficiencies indicated were identified by the reviewing
professionals and provided to the design team prior to bid. As such, the design team was made
aware of and afforded the opportunity to correct the deficiencies identified.

. EA1, Prerequisite, Fundamental Building Systems Commissioning was not complied with.
Thefirst three steps of the Commissioning Processinclude review of design intent, basis of
design documentation, and incorporation of commissioning requirements into the
Construction Documents. All arerequired prior to bidding and construction. Thereviewing
professionals have been unable to confirm that any were performed. Had a competently
executed Design Review been performed by the Commissioning Agent, as required by
LEED™ NC 2.1, ANSI/ASHRAE/IESNA Standard 90.1-1999 and ASHRAE Guideline 1-
1996, the mgjority of the EA2 and EQL violationsidentified by the reviewing professionals
should have been identified by the Commissioning Agent and corrected by the design team
prior to the issuance of the Construction Documents for bid.

-2-



. EA2, Prerequisite, Minimum Energy Performance: The design of the HVAC systems and
other listed elements of the building do not comply with al of the requirements of
ANSI/ASHRAE/IESNA Standard 90.1-1999. The scope and number of prerequisites
violations was pervasive.

. EQ1, Prerequisite, Minimum IAQ Performance: The design of the HVAC systemsfailed to
comply with ANSI/ASHRAE Standard 62.1-1999, Ventilation for Acceptable Indoor Air
Quality. Validation computations were performed to determine the actual basis for
ventilation rates and to determine what the actual ventilation requirementswould have been
had the required Ventilation Rate Procedure computations been performed. These
computations established that the actual basis for ventilation was the Wisconsin Enrolled
Code, which produces significantly lower ventilation rates at both individual zones and at
the system level than those which would have otherwise been required to comply with
ANSI/ASHRAE Standard 62.1-1999.

It is not possible to identify all potential violations without access to the design team’ s documents
and computations. However, atotal of 2,333 violations of ANSI/ASHRAE/IESNA Standard 90.1-
1999 and ANSI/ASHRAE Standard 62.1-1999, with addenda, are identified. Since not all aspects
of thisfacility are evaluated, the full extent of the violations is undoubtedly greater than indicated
here. Violationsidentified arelimited to only those items which are readily apparent from areview
of the construction documents by knowledgeabl e persons.

LEED™ 2.1requiresthefacilitiesto meet therequirementsof ANSI/ASHRAE 62.1-1999 using the
Ventilation Rate Procedure. ANSI/ASHRAE 62.1-1999 requires specific minimum rates of outdoor
air be provided to each occupied zonewhenever it isoccupied and requires specia controlson VAV
systems to assure that minimum ventilation rates are provided. The Ventilation Rate Procedure
requires specific computations beperformed. Official interpretationspublished by ASHRAE clarify
specificissueswith respect to those computation requirements. TheV entilation Rate Procedureal so
requires that the ventilation rates for HV AC systems serving multiple zones using recirculation be
computed using Equation 6-1, the Multiple Spaces Equation. Theserequirementsand computations
are easy to perform, straight forward, and produce predictable and definitive results.

Seven VAV Reheat air handling systems employing recirculation of air serve the most heavily
occupied areas of the facility. VAV systems have been recognized as problem IAQ systemsin the
ASHRAE Systems and Equipment Handbooks since 1992"%3#, are subject to special requirements
in ASHRAE 62.1-1999°, which are facts that are or should be well known to HVAC designers.
Furthermore, ANSI/ASHRAE/IESNA Standard 90.1-1999 contains restrictions on the use of
simultaneous heating and cooling and mixed air control which have significant implicationsfor how
thistype of systemisdesigned. Because of these issues, the VAV systems were subjected to close
scrutiny by the reviewing professionals.

Conformance computations were independently prepared by the reviewing professionas to
determine whether these systemswould provide the minimum rates of ventilation, both as designed
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and as constructed, and under all conditions of operation as required by Standards 62.1 and 90.1.
The compliance computations prepared were based entirely upon parameterstaken directly fromthe
Plans and Specifications, the final Testing and Balancing Report, and record temperature control
documents. Thesedocumentsincluded suchinformation asroom numbers, room names, room aress,
and final design and actually delivered air flows. See Appendix 1. When not otherwise indicated
on the Plans, occupancy levels used for computing ventilation rates were taken from the Tablesin
Standard 62.1. These computations clearly demonstrate that the ventilation rates actually provided
in the school consistently fail to meet the minimum requirements of the prerequisite standards.
Further investigation found that actual HVAC system ventilation rates were, in fact, designed to
comply with the substantially less rigorous and less stringent requirements of the Wisconsin Code.

The compliance computations indicated a wholesale failure to perform and apply the required
ventilation computations using the ANSI/ASHRAE Standard 62.1-1999, Ventilation Rate Method
that is required under EQ Prerequisite 1, while ignoring the simultaneous heating and cooling
restrictions of Section 6.3.2.1 of EA Prerequisite 2 (aswell asthe Wisconsin Enrolled Code). This
particular violation of the LEED 2.1™ prerequisites had major implications for the outdoor air
fractions required at all seven VAV air handling systems and for compliance with Section 6.3.6.1
of ANSI/ASHRAE/IESNA Standard 90.1-1999, Exhaust Air Ener gy Recovery. No energy recovery
isemployed on any of the46 exhaust fanson thisfacility or the approximately 91,000 cfm of exhaust
onthebuildings. That energy recovery equipment which wasinstalled wasinstalled in the “return”
air path, making it functionally useless. The unrecovered exhaust air path represents a heating load
of approximately 12,000 Mbh, or approximately 75% of the entire boiler plant’s heating capacity.
Fan motor horsepower limitations of Section 6.3.3.1 through 6.3.3.3 of ANSI/ASHRAE/IESNA
Standard 90.1-1999 were consistently ignored. Other violations are aso identified.

From a practical standpoint, it is impossible to correct the above violations without completely
redesigning the HVAC systems.

Plans and Specificationswereinitially reviewed prior to bid. Air quantity computations complying
with the ANSI/ASHRAE Standard 62.1-1999 V entil ation Rate M ethod proscribed by LEED™ 2.1
wereprepared at that time using occupancy and air delivery ratestaken directly from the construction
documents. These computations and a partial list of prerequisite violations numbering in excess of
600 violations were presented to the design team at a public meeting of the School Board.

Anincomplete list of 136 separate Wisconsin Enrolled Code violations was also presented at that
time. Code enforcement by Wisconsin Code Authorities was inconsistent, only requiring some of
the codeviolationsto be corrected. The Code Authoritiesrefused to enforce any of therequirements
of either ANSI/ASHRAE/IESNA Standard 90.1-1999 or ANSI/ASHRAE Standard 62.1-2001, and
did soinwriting. Thefacilitieswere essentially constructed to the original pre-bid HVAC design.
Thedesignwasinitially submitted to USGBC subsequent to project compl etion, making any design
modificationscost prohibitiveand for all purposes practically impossible. The appellants submitted
relevant information to USGBC regarding the prerequisite violations at the time of design with the
anticipation that USGBC would usethat informationin reviewing theapplication. It wastothegreat
surprise and dismay of the appellants that USGBC awarded this facility a Gold Certification.
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Numerous other observationswere maderel ative to compliance with other mandatory provisions of
both ANSI/ASHRAE 62.1-1999 and ANSI/ASHRAE/IESNA Standard 90.1-1999. Based on
compliance computations and other observations, the reviewing professional s have determined that
the requirements of both Prerequisites EA2 and EQ1 were substantially ignored. Furthermore,
documentation of the extent of theviolationsof ANSI/ASHRAE Standard 62.1-1999, with addenda,
and ANSI/ASHRAE/IESNA Standard 90.1-1999, without addenda, demonstratesthat viol ationsare
neither incidental nor inconsequential. The violations have major adverse implications for the
quality of the built environment and facility energy usage. The cost and scope of changes required
to correct the apparent defectsin the design of the primary air handling systems, exhaust air systems,
and primary heating and cooling plants of thisfacility will be very significant.

The following tables contain a summary of ANSI/ASHRAE Standard 62.1-2001 and
ANSI/ASHRAE/IESNA Standard 90.1-1999 violations for the systems as designed, and as
constructed.

Table1lin Appendix 2 providesasummary of violationsof ANSI/ASHRAE/IESNA Standard 90.1-
1999, without addenda.

Table 2 in Appendix 3 provides a summary of violations of ANSI/ASHRAE Standard 62.1-1999,
with addenda (published complete as ANSI/ASHRAE Standard 62.1-2001.)

It isthe position of the appellantsthat it isnot in theinterestsof USGBC, or the® Green” movement,
to permit the Northland Pines High School to retainit'sLEED 2.1™ Gold Certification. Because
of the pervasive nature and extent of the violations observed, the pre- and post- review actions by
the design team, plus the fact that the design team was made aware of the non-compliance issues
prior to construction when they could still have made appropriate modifications, it isthe belief and
contention of the appellantsthat the design team knowingly and intentionally failed to comply with
either prerequisite throughout the design and construction process.

The design team promised LEED™ Silver Certification to the School Board and the public
throughout the design process. Prior to issuance of the Project for bidding, the appellants were
threatened by the design team with legal action if they did not cease questioning the design. When
presented with thecritiqueprior to therecel pt of bids, thedesignteam’ sresponsewasthat thedesign
only had to meet minimum Wisconsin Code requirements and did not have to meet the requirements
of either ANSI/ASHRAE Standard 62.1-1999 or ANSI/ASHRAE/IESNA Standard 90.1-1999, even
though they were LEED™ prerequisites. They also publicly attacked the professional reputations
of the reviewing professionals. Subsequent to the critique and throughout construction, they failed
to correct the overwhelming majority of both prerequisite Standard and Wisconsin Code violations
identified. Since the designers were notified of the deficiencies and made no attempt to either
address or correct the deficienciesidentified, the design team self-certified a design that they knew,
or should have known, to be noncompliant with LEED™ requirements.

For USGBC to permit this project to retain LEED™ certification in any form would establish the
precedent that itisacceptablefor designerstofalsely represent that substandardinstallationscomply
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with LEED™ prerequisites and national standards of minimum due professional care. Such an
action would be aslap in the face to those diligent design professionals who do follow therulesand
threatens the very credibility of LEED™ certification.

That USGBC provided this Project with a LEED 2.1™ Gold Certification demonstrates major
weaknessesinthe LEED™ review process which need to be corrected. Those weaknessesinclude
(1) thelack of acrediblethird party review of applicationsand construction documents, (2) allowing
designersto self-certify their designs, (3) faillureto requiretheinclusion of compliance computations
for certification, and (4) assuming that code authoritieswill either understand or enforce ASHRAE
Standards. These practices are an open invitation to fraud. USGBC acceptance of a Certificate of
Occupancy ascompliance with building codes does not necessarily mean compliancewithLEED™
prerequisites.



. PROJECT HISTORY

A LEED™ Silver certification had been publicly promised by the design team at Northland Pines
School District (NPSD) meetings. Several members of the NPSD Building Committee were
construction professionals. Another individual wasalocal medical practitioner withaformal public
health background. Theseand other individual sand taxpayersrecognized and were concerned about
deficiencies they perceived in the design of the HVAC systems. These individuals sought to
influencethe outcome by raising their concerns. Instead of being listened to, the dissenting Building
Committee members were subjected to public attack and ridicule at School Board meetings,
threatened with arrest by the NPSD Board President and threatened with litigation by the design
team.

Asadirect result of thelegal assault by the designers, two independent professional engineerswere
separately engaged by different Building Committee members and taxpayers to review the
Construction Documents for compliance with LEED™ criteria and compliance with LEED™
prerequisites, ANSI/ASHRAE Standard 62.1-1999 and ANSI/ASHRAE/IESNA Standard 90.1-1999,
for their personal defense against threatened litigation. It isthis same group of people who have
become the appellants in this matter.

The initial pre-bid review identified approximately six-hundred separate violations of
ANSI/ASHRAE Standard 62.1-1999 and ANSI/ASHRAE/IESNA Standard 90.1-1999. Since the
appellants were not certain which version of LEED™ the design team was seeking certification
under, compliance computations were initially performed using two Ventilation Rate Procedure
Computational methods: the methods used for compliance prior to and subsequent to the issuance
of Addendum N to ANSI/ASHRAE Standard 62.1-2001.

Many of the violations noted were also violations of the Wisconsin Enrolled Building Codeinforce
at thetime. Asrequired by the Wisconsin Rules of Professional Conduct for Architects, Engineers,
Designers and Surveyors, A-E 8, Article A-E 8.08, this information was aso provided to the
Authority Having Jurisdiction, the Wisconsin Department of Commerce, Safety & Building
Division, which isresponsible for plan review. For acopy of the Wisconsin Rules of Professional
Conduct for Architects, Engineers, Designers and Surveyors, A-E 8, please refer to Appendix 4.

It isamatter of record that this project had seriousdifficultiesgetting approval for construction from
the Wisconsin Department of Commerce. No documents itemizing the extent of the changes
required by the Authority Having Jurisdiction, nor any record of the changes made, have been made
availableto either the reviewing professionals or the appellants. The Testing and Balancing Report
and some equipment submittalswererel uctantly made avail abl eto the appel lants by Northland Pines
School District. Some of the information, such as record temperature control documents were
obtained from installing contractors and subcontractors. The design team has been completely
uncooperative. However, it was possible to discern most of the ventilation system changes made by
comparing the Testing and Balancing Report with the original Construction Documents. Most of
the changes made were consistent with code viol ationsidentified in the pre-bid eval uation and were
apparently required by the Authority Having Jurisdiction. Of the changesidentified, theinformation
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was consistent with the information provided by the reviewing professional sto the authority having
jurisdiction.

It was apparent from the preconstruction review that the origina design failed to meet LEED™
prerequisites. It wasalso apparent from the postconstruction review that thefinal design also failed
to meet LEED™ prerequisites. As construction had proceeded according to the original
Construction Documents, the appellants were both surprised and dismayed that LEED™ 2.1-NC
Gold Certification was granted to this project. For this reason, it was decided an appea was
necessary.



1.  COMPARISON OF WISCONSIN ENROLLED BUILDING CODE WITH
ANSI/ASHRAE STANDARDS

Wisconsin Enrolled Code: TheWisconsin Enrolled Codehasinthe past been called the Wisconsin
Commercial Code. Thecodein effect at thetime of the design of thisfacility was substantially less
rigorousthan LEED™ prerequisites. Wisconsin adopted the 2000 International Codes asthe basis
for the Wisconsin Enrolled Building Code in 2002, but with substantial modifications.

Ventilation: One of the most significant modifications Wisconsin made to the 2000 International
Codes was to substitute its own ventilation requirements for those of Section 4 of the 2000
International Mechanical Code. Wisconsin's ventilation rate was 7.5 cfm per person for all
occupancies, haf or less than that required by ANSI/ASHRAE Standard 62-1989. In addition, it
does not require use of the “multiple spaces equation,” and permitted the outdoor ventilation rates
to be simply summed and diversified on the basis of table or actual occupancy at the system. This
created significant disparities between minimum Wisconsin Code lega requirements and those
necessary to comply with ANSI/ASHRAE Standard 62-1989.

While some deviation would be reasonably anticipated between design and conformance
computations performed by different parties, given that we are starting with the same peak flow
numbers, the overall outdoor air fractions should be very similar if the same computational
procedures were employed by both parties. The Wisconsin Enrolled Code and ANSI/ASHRAE
Standard 62.1-2001 ventilation computation methodol ogiesare substantially different and therefore
produce substantially different results. The reviewing professionalslooked at both. Theventilation
requirements of the Wisconsin Enrolled Code are substantially different than those of
ANSI/ASHRAE Standard 62.1-2001 resulting in significantly lower system outdoor air fractions.
An HVAC system may easily comply with Wisconsin Code requirements and fall far short of
compliance with ANSI/ASHRAE Standard 62.1-2001.

Energy: At thetime of design, Wisconsin had adopted the 2000 International Energy Conservation
Code and adopted ANSI/ASHRAE/IESNA Standard 90.1-1989 as a reference but not as a
requirement. (See Appendix 5, Comm 63.0900) for energy conservation. At the time Wisconsin
adopted theserequirements, U. S. DOE hasalready adopted ANSI/ASHRAE/IESNA Standard 90.1-
1999 as the basis for Federa Law, leaving Wisconsin in technical violation of the 1992 Energy
Policy Act. Inpractice Wisconsinonly enforcesthose provisionswhichit had explicitly adoptedinto
Comm 63 which made it one of the weakest energy conservation codes in the United States.

As aresult of the substantial disparities between Wisconsin's substandard Commercial Building
Codeand applicable Standards, and asubstantial lack of enforcement, design practicesin Wisconsin
have not kept pace with gpplicable National Standards. In fact, most new building projects in
Wisconsin do not meet therequirementsof either ANSI/ASHRAE Standard 62.1 or 90.1. Evenfewer
meet both.

Enforcement: The Authority Having Jurisdiction (AHJ) who reviewed the HVAC systemsfor this
facility declined to enforce any provision of any version of ANSI/ASHRAE Standard 62 as Standard
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62 complianceis not required in Wisconsin Enrolled Code. Even though ANSI/ASHRAE/IESNA
Standard 90.1-1989 had been adopted asareferencein the Code, the AHJresponsiblefor thisproject
explicitly declined to enforceany provisionsof ANSI/ASHRAE/IESNA Standard 90.1-1989, which
had not been explicitly adopted into the language of the Wisconsin Enrolled Building Code (See
Appendix 6, Correspondence with Randall Dahmen, PE, the Wisconsin Department of Commerce
HVAC planreviewer for NPHS). Finally, it appearsthat thisfacility was allowed to be constructed
inviolation of theWisconsin Enrolled Codeasthereview of thefina Testing and Balancing Reports
showed that numerous code violations were alowed to remain uncorrected.

ASHRAE Standard 62.1-1999, with Amendments (62.1-2001): LEED™-NC 2.1 requires
compliancewith themorerigorousrequirementsof either ANSI/ASHRAE Standard 62.1-1999 (with
approved addenda) or the local ventilation code, Comm 64.05 (See Appendix 7). There are few
differences between the requirements of ANSI/ASHRAE Standard 62-1989, ANSI/ASHRAE
Standard 62.1-1999, and ANSI/ASHRAE Standard 62.1-2001 other than the requirement of special
controlsfor VAV systems. Approved addendato ASHRAE Standard 62.1-1999 are incorporated
into ANSI/ASHRAE Standard 62.1-2001, and listed in Appendix H of that Standard.
ANSI/ASHRAE Standard 62.1-2001, without addenda, actual ly requireshigher ventilation ratesthan
ANSI/ASHRAE Standard 62.1-2004, and is therefor the more rigorous.

To summarize the requirements of all versions of ANSI/ASHRAE Standard 62 since 1989, they
require that requisite ventilation must be provided to each occupied space whenever the space is
occupied. To accomplish this, ANSI/ASHRAE Standard 62.1 requires that minimum ventilation
rates be computed for each individual space. In addition to increasing ventilation rates, the other
major change has to do with how ventilation has to be computed at the air handling system. When
outdoor air isintroduced through unitary equipment serving discrete zones, or dedicated, or 100%
outdoor air systems, the ventilation required is simpleto both compute and deliver. However, when
outdoor air isintroduced through amixed air path and serves multiple zones, asisthe case with this
project, ANSI/ASHRAE Standard 62.1 requiresthat the critical zone dictate the amount of outdoor
air to be provided at the air handling unit. The Multiple Spaces Equation isrequired to be employed
to reduce the over-ventilation penalty by permitting the designer to take credit for the over-
ventilation that will occur in most spaces and compute alesser amount of outdoor air to be processed
at the air handling unit.

Appendix 8, Interpretation 1C 62-1999-39 to 62.1 covers amultitude of issues specificaly relevant
to educational facilities.

Variable Volume Systems. Variable air volume systems represent a special case. Formal
interpretationshavebeen published by ASHRAE inresponseto questionsraised regarding ASHRAE
Standard 62 since 1989. Two of those interpretations are directly relevant to this project and are
included in Appendices8 and 9. The Multiple Spaces Equation (6-1), asfirst presented in the body
of Standard 62-1989 applies only to constant volume systems. Section 6.1.3.1 of ANSI/ASHRAE
Standard 62.1 requiresthe use of Equation 6-1 for the computation of adjusted outdoor air flow rates
at the air handling unit. Section 5.3 requires specia controls be provided to assure adequate
ventilation throughout occupied spaceswhenever they areoccupied. ANSI/ASHRAE Standard 62.1
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also has specific documentation requirements to be found in Sections 4.1, 5.2, 6., 6.1.3, 6.1.3.1,
6.1.3.2,6.1.3.3, and 6.3. Section 6.3 requires that |AQ computations and assumptions not only be
made a part of the permanent design file, but also provided to the building operator for current and
future use.

As published, the Multiple Spaces Equation (6-1) applies only to constant volume air handling
systems. VAV systems represent avery specia case that istechnicaly covered in the language of
the Standard, but which was poorly explained in the text of the Standard until Addendum N to
ANSI/ASHRAE Standard 62.1-2001 was adopted. However, thisrequirement isexplained in detail
in Interpretation |C 62-1999-28, Appendix 9, which explains the proper use of the Multiple Spaces
Equation with VAV systems employing recircul ation and the basisfor that interpretation within the
Standard.

| nterpretation |1 C 62-1999-28 holds that the outdoor air fraction for each zone served by a VAV
system (Zi) must be computed using the minimum air delivery rate of the critical zone for both
heating and cooling applications. And, because each occupiable space hasthepotential tobethe
dominant space under some condition, the values of Zi must be computed for every space at both
heating and cooling conditions. Even though this interpretation has been in effect since June 26,
1995, copies of the interpretations (originally IC 62-1989-21), were included with the Standard at
the time of purchase from ASHRAE and are available for freefrom ASHRAE. VAV systems have
remai ned notoriously problemati c because most designersfail to becomefamiliar with the Standard,
fail to read the interpretations, and fail to perform the required computations correctly. For this
reason, and the fact that most occupied spacesin this building are served by VAV Reheat systems,
special scrutiny was paid to the design of the VAV Reheat systems on this project.

ASHRAE Standard 90.1-1999: LEED™ 2.1 NC requires compliance with the requirements of
ASHRAE/IESNA Standard 90.1-1999 (without amendments) or the local energy code whichever
ismore rigorous. For this project, that was the 2000 International Energy Conservation Code, as
modified in Comm 63 of the Wisconsin Enrolled Code. Both the Wisconsin Enrolled Code and the
2000 International Energy Conservation Code are based on the substantially less stringent
ANSI/ASHRAE/IESNA Standard 90.1-1989.

At the time of design, ANSI/ASHRAE/IESNA Standard 90.1-1999 had been adopted as the basis
of Federal law and ANSI/ASHRAE/IESNA Standard 90.1-2001 was the standard of minimum due
professional care. For the purposes of this evaluation, the requirements of ASHRAE/IESNA
Standard 90.1-1999 (without amendments) are used.

Joint ASHRAE Standard 62.1-1999 (2001)/ ASHRAE Standard 62.1-1999 ASHRAE Standard
62.1-1999 Issues.  There are two maor areas of convergence and coordination between
ANSI/ASHRAE/IESNA Standard 90.1-1999 and ASHRAE Standard 62.1-2001. Both have mgjor
implications for the design of VAV systems.

1. Standard 62.1 requires that the HVAC system have the ability to provide the requisite
amount of ventilation to each spaceunder al conditionsof flow. Educational facilitieshave
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high occupancy densities and therefore high ventilation requirements which amost
invariably result in requiring 100% outdoor air ventilation at times, and exhaust energy
recovery, to comply with the requirements of both ANSI/ASHRAE/IESNA Standard 90.1-
1999 and ANSI/ASHRAE Standard 62.1-2001. When this does not happen, it isusualy a
strong indication of either excessiveover-design of cooling systemsor questionable building
envelope design.

Section 6.3.2.1 of ANSI/ASHRAE/IESNA Standard 90.1-1999 provides a blanket
prohibition of the use of reheat. Reheat is only permitted under limited and specific
exceptions to that prohibition. Constant volume terminal reheat systems are prohibited.
Exceptions (a)(1), (8)(2) and (8)(3) specifically limit minimum VAV air termina unit flows.
Exceptions (a)(4) provides a specific trade-off mechanism permitting Authorities Having
Jurisdiction limited discretion in accepting deviations from exceptions (a)(1), (a)(2) and
(a)(3). Exception (b) relatesto special pressure relationships which neither appliesto this
project and hasbecomeirrelevant with avail able control technol ogies. Exception (d) involves
the use of on-site recovered energy which does not apply to this project.

Discussion: VAV systemsemployingthemixedair path have beenformally identified by ASHRAE
aspoor air quality systemsin every ASHRAE Systems and Equipment Handbook published since
1992234 The convergence of the above requirements affects the way the Ventilation Rate
Procedure required by LEED™ must be computed. Since there are seven (7) HVAC systems of
this type on this project, they were all investigated by the reviewing professionals for compliance.

Ventilation Rate Procedure Computations for VAV Systems. The ventilation rate procedure
requiredin ANSI/ASHRAE Standard 62.1 involvesvery simplecomputationswhich arequickly and
easily performed in any spreadsheet program. The procedure would involve the following steps.

1.

The designer must determine the ventilation requirements for each space.

a If the occupancy isknown, thisisarrived at by simply multiplying the actual number
of people to be accommodated by the ventilation rate prescribed in Table 2 of the
Standard.

b. If the occupancy is unknown, Table 2 occupancy values are assumed.

C. The amount of outdoor air for each space must then be divided by the ventilation

effectiveness of the space. For the purpose of the Ventilation Rate Procedure
compliance cal cul ations, thereviewing professional sgave the design team the benefit
of the doubt by assuming a ventilation effectiveness of 1.0.

d. The uncorrected outdoor air requirement isthen determined by adding up the outdoor
air requirementsfor al of the spaces.

The designer must then compute the cooling loads for the spaces and the diversified flow
required at the system. In the process of reviewing of the design team’ sdesign air flow rates,
we would expect to see cooling flow rates ranging from 0.7 to 1.2 cfm/sf for well designed
schools with a code compliant building envelope. These values were used as a “rule of
thumb” of to evaluate whether the design numbers are probably reaistic or excessively
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conservative. Withamaximum of 2.64 cfm/sf, amedian valueof 1.43, and an overall average
of 1.3 cfm/sf, and knowing that inappropriate cooling design conditionswereused, webelieve
that acomprehensive evaluation of the cooling loads computations would probably indicate
that the cooling loads are probably substantially over-estimated. Thiswould have substantial
design and energy use and cost implications for the operation of the facility.

Once Steps 1 and 2 are completed, it is possible to compute the uncorrected outdoor air
fraction (X) for use with the Multiple Spaces Equation.

Oncethe cooling loads and ventil ation rates are known, the designer would haveto establish
the permissible minimum air flow limitsfor the VAV air termina units in accordance with
the exceptions to Section 6.3.2.1 of ASHRAE Standard 90.1-1999 which, for this facility,
would be limited to 0.4 cfm/sf, 30% of maximum cooling air flow, or the amount of outdoor
ar required

Once the flow limits are determined, the outdoor air fraction (Zi) required for each space
served by a VAV Reheat system must be computed at minimum air flow rates. The
compliance calculations prepared by the reviewing professional s found that, when computed
in the manner required by ANSI/ASHRAE Standard 62.1-1999, and clarified in ASHRAE
Interpretation |C 62-1999-28, the value of Zi computed for 62 of 134 spaces (46%) was 1, and
the median value was 0.7. This meant that 46% of the spaces required 100% outdoor air at
the air handing unit to provide adequate ventilation requirements at the spaces to satisfy the
requirements of ANSI/ASHRAE Standard 62.1-1999.

Oncethevaluesfor Zi arecomputed for each space, thelargest value of Zi becomes Zc which
is then used to compute the corrected outdoor air fraction (Y) required at each air handling
unit using the Multiple Spaces Equation where:

Y=X/(1+X-2Zc) (6-1)

Theexceptionsto Section 6.3.2.1 of ANSI/ASHRAE/IESNA Standard 90.1-1999 permitsthe
Authority Having Jurisdiction to accept trade-offs allowing higher reheat flows that “ reduce
overall system annual energy usage by offsetting reheat/recool energy losses through a
reduction in outdoor air intake in accordance with the multiple space requirements defined
in ASHRAE Sandard 62.” (Exception4) Theoutdoor air fraction at the air handling unit can
be sometimes be reduced by adjusting the minimum flow rates in lightly occupied, over-
ventilated spaces below the limits permitted by Standard 90.1, and adding the amount of the
reduction to the minimum flow rates of those spaces driving the outdoor air fraction at the
unit. While this can be useful in dealing with relatively low density occupancies where a
relatively small number of spaces have substantially higher outdoor air requirements, the
effort is wasted in high density occupancies where ventilation needs dominate a significant
number of areas.
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8. Section 6.3 of ANSI/ASHRAE Standard 62.1-1999 requires that the above computations be
made apart of the permanent project record and should be made avail able for operation of the
system within a reasonable time after installation.

Aside from the fact that greater levels of ventilation are required, the mgjor variation from pre-1989
ventilation design criteriawastherequirement to usethe M ultiple Spaces Equation to actually beable
to deliver the requisite amount of ventilation to each individual zone. Ventilation Rate Procedure
compliance computations were prepared by the reviewing professionas using the design team’s
occupancy and cooling parameterstaken from the Construction Documents, revised to reflect thefinal
air balance reports. These computations can be reviewed in Appendix 1.

Violations: None of the VAV Reheat air handling systems at Northland Pines High School were
found to be even marginally compliant with either LEED™ prerequisites EA2 or EQ1 at thetime of
bid. The constant volume terminal reheat system (such as AC-3) was of atype expressly prohibited
under Section 6.3.2.1 of Standard 90.1-1999. This comprised more than half of the air handling
systems serving this facility. In spite of the fact that these deficiencies were identified and brought
to the attention of the design team prior to the receipt of bids, project completion documentation
shows that most of these deficiencies were never corrected. This means that the design team
knowingly submitted and falsely certified a non-compliant design to USGBC for LEED™ 2.1 NC
certification.

Comments. Theuseof VAV Reheat in any form should raisered flagsonany LEED™ certification
application. Theissueis not the difficulty of the computations for ANSI/ASHRAE Standard 62.1-
1999 compliance, but what those computations require of the designers. Anyone who regularly
performs the computations required for ANSI/ASHRAE Standard 62.1-1999 Ventilation Rate
Procedure and LEED™ compliance learns several things about VAV Reheat systems very quickly.

1 Mathematically, itisextremely difficult to achieve ANSI/ASHRAE Standard 62.1 compliance
withaVAV Reheat system and provide design adjusted minimum outdoor air rates (Y) less
than 50% in any application. This is because the critical outdoor air fraction must be
computed for each space by dividing the outdoor air requirements by the terminal minimum
air flow rate (refer to ANSI/ASHRAE Standard 62.1 Interpretation 1C 62-1999-28). That rate
isfunctionally limited to approximately 30% by ANSI/ASHRAE/IESNA Standard 90.1. In
high density occupancieslikeschools, VAV Reheat systemsinvariably require 100% outdoor
air unlessthereisavery significant internal heat gain or the cooling loads are overstated.

2. VAV Reheat air terminal units serving high density areaslike classroomswill require unique
minimum flow values because Standard 62.1 ventilation rates are often greater than the
minimum setting limit established by exceptions to Section 6.3.2.1 of
ANSI/ASHRAE/IESNA Standard 90.1-1999. Thistypically resultsin non-uniformturn down
ratios and high adjusted outdoor air fractionsto meet ventilation requirements. The presence
of uniform turn down ratios on VAV Reheat air termina units has a high correlation with
failure to perform the required calculations.
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3. Special controlsarerequired for VAV Reheat systems under both ANSI/ASHRAE Standard
62.1-1999 and ANSI/ASHRAE/IESNA Standard 90.1-1999to assurethat adequate ventilation
is provided whenever spaces are occupied.

4, When the required amount of outdoor air rises above 70% of minimum flow or about 21%
of peak cooling flow in any space, energy recovery becomes a requirement of section 6.3.6
of ANSI/ASHRAE/IESNA Standard 90.1-1999.

Theabove observationsarenot characteristic of any individual project, but of VAV system compliant
withboth ANSI/ASHRAE Standard 62.1 and ANSI/ASHRAE/IESNA Standard 90.1. Understanding
the above makes non-compliant VAV designsreadily identifiable. If the necessary system features
arenot there, or non-compliant featuresarethere, the system probably does not comply and thedesign
should be reviewed in depth.

Since the reheat air terminal unit minimum flow rate issue aso constituted Wisconsin Code
violations, and was brought to the attention of the Authority Having Jurisdiction, these violations
should have been corrected in full when the systems wereinstalled. Curioudly, these changes were
only partially implemented, and only to selected air handling units. Corrective modificationsto bring
minimum VAV air terminal unit flow ratesinto compliance with Wisconsin code were made on only
3 of the 7 VAV systems on this project. Corrections made to minimum outdoor air flow rates were
only sufficient to bring the seven VAV systems into marginal compliance with Wisconsin Code
requirements for ventilation. The requirements of ANSI/ASHRAE Standard 62.1-1999 were
completely ignored.

Summary: The above observations demonstrate that virtually all ANSI/ASHRAE Standard 62.1-
1999 and almost all of the ANSI/ASHRAE/IESNA Standard 90.1-1999 violations noted at thetime
of bid fully intact upon project completion. A similar conclusion can be drawn with respect to
Wisconsin Codeviolations. Prudent and responsible engineering design practiceswould requirethat
the design team research and correct the deficiencies identified prior to bid.
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IV.  NON-COMPLIANCE WITH LEED™ PREREQUISITES

Compliance with Prerequisites EQ 1, Minimum IAQ Performance and EA 2, Minimum Energy
Performance is mandatory for LEED™ 2.1 Certification to be granted:

. EA1, Prerequisite, Fundamental Building Systems Commissioning: Compliancewith Section
6.2.5.4 of ANSI/ASHRAE/IESNA Standard 90.1-1999, Ener gy Sandard for Buildings Except
Low RiseResidential Buildings, (without amendments) and ASHRAE Guideline 1-1996, The
HVAC Commissioning Process.

. EA2, Prerequisite, Minimum Energy Performance: Compliancewith ANSI/ASHRAE/IESNA
Standard 90.1-1999, Energy Sandard for Buildings Except Low Rise Residential Buildings,
(without amendments).

. EQ1, Prerequisite, Minimum IAQ Performance: Compliancewith ANSI/ASHRAE Standard
62.1-1999, Ventilation for Acceptable Indoor Air Quality, (plus approved addenda, or
ANSI/ASHRAE Standard 62.1-2001, Ventilation for Acceptable Indoor Air Quality, as
originally published)..

No attempt has been made by the reviewing professionalsto independently devel op separate thermal
load computations or Energy Cost Budget Method calculations. While such information may be
useful in litigation to establish design error, that was not the objective. The purpose of the
computations prepared was to establish the status of compliance with specific provisions of the
LEED™ prerequisites. Theinformation uponwhich these cal cul ationsare based wasderived entirely
from the Construction Documents, revised plansobtai ned from contractors, the Testing and Balancing
report and record Temperature Control documents, and limited access granted to the facility. The
purpose of this section of the Appeal isto illustrate the scope, magnitude and consequences of the
violations to the attention of USGBC.

Supplemental documentation attached identifies defects by reference to the specific provision of the
Standard violated, contain a description of the deficiency, adiscussion of the nature of the defect,
the extent to which the defects affect the performance of the systems, and the number of defects
identified. Compliance computations conforming to the requirements of the prerequisite Standards
and other documents are provided in Appendices. Basic parameters used in the compliance
computations were taken directly from the Construction Documents. Forma published
interpretations by the governing ASHRAE committees (SSPC'’ s) are referenced and copies provided
where different interpretations are anticipated from the design team.

Text from the ASHRAE Standards is shown indented and in italics.

ANSI/ASHRAE/IESNA Standard 90.1-1999: L EED™ NC 2.1 requirescompliancewiththemore
rigorous requirements of ASHRAE/IESNA Standard 90.1-1999 (without amendments), or thelocal
energy code, Comm 63. For this Project the loca Code required compliance with the 2000
International Energy Conservation Code, with areferenceto ANSI/ASHRAE/IESNA Standard 90.1-
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1989 (without amendments) adopted by referencein Comm 63 of the Wisconsin Enrolled Code. Both
are less stringent than ANSI/ASHRAE/IESNA Standard 90.1-1999. At the time of design,
ANSI/ASHRAE/IESNA Standard 90.1-1999 had been adopted as the basis of Federa law and
ANSI/ASHRAE/IESNA Standard 90.1-2001 was the standard of minimum due professional care.
Until recently, Wisconsin has been in non-compliance with the 1992 EPACT since July 15, 2004,
the mandatory date for adoption of ANSI/ASHRAE/IESNA Standard 90.1-1999 or itsequivalent as
the basis of it's Energy Code. For the purposes of this evaluation, the requirements of
ASHRAE/IESNA Standard 90.1-1999 (without amendments) are used.

A sumtotal of 1,268 individual violationsof ANSI/ASHRAE/IESNA Standard 90.1-1999 have been
identified in just the HVAC systems, and thisis only a partial list since the review was not of the
complete HVAC systems and the reviewing professionals did not have accessto design team proj ect
records or complete access to the building.

Because the reviewing professional s do not have accessto the designer’ s computations and have not
performed detailed building thermal load computations, additional violations of the Standard may
have occurred.

6.1 General

6.1.1 HVAC Scope. All mechanical equipment and systems serving the building heating,
cooling, or ventilating needs shall meet the requirements of Section 6.

6.1.2 Compliance. Compliance with Section 6 shall be achieved by meeting all requirements
for either
(@) 6.1.3 (Smplified Approach Option for HVAC Systems), or
(b) 6.2 (Mandatory Provisions) and 6.3 (Prescriptive Path), or
© 6.2 (Mandatory Provisions) in conjunction with Section 11 (Energy Cost Budget
Method).

ANSI/ASHRAE/IESNA Standard 90.1-1999 Compliance Path: The Simplified Approach Option
isonly applicableto facilities of 25,000 square feet of grossfloor area, or less. Sincethisfacility has
251,000 gross square feet of floor area, this compliance path is not permitted.

It isacknowledged by the reviewing professionals and the appell ants that the design team claimed to
have performed DOE-2 analyses during the preliminary design phase. However, it was publically
acknowledged by the design team, and documented on videotape, that the DOE-2 simulations were
performed prior to defining the HVAC systems.

Such computationswould havefailed to comply with the compliancerequirementsof the Energy Cost
Budget Method defined under Section 11.1.2 of ANSI/ASHRAE/IESNA Standard 90.1-1999.
Section 11.1.5 of ANSI/ASHRAE/IESNA Standard 90.1-1999 al so requires that these computations
be made a part of the permanent project record and submitted to the Authority Having Jurisdiction
for approval. Such documentation would have been required to include:
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. The energy cost budget for both the budget building and the proposed design,
. A list of specific features analyzed for the proposed design,

. Input and output reports from the analysis, and

. A list of any error reports with explanations of the errors.

The design team actually submitted building envel ope compliance documentation to the AHJ using
Comcheck EZ, not DOE-2. Sincethis program isunacceptable to the Authority Having Jurisdiction
for determining HV AC system compliance, any claim of compliance using the Energy Cost Budget
Method permitted under Section 11 of ANSI/ASHRAE/IESNA Standard 90.1-1999 would be false.

Furthermore, at the time of design, Wisconsin had not adopted ANSI/ASHRAE/IESNA Standard
90.1-1999 asthebasisof it’ senergy code. The Authority Having Jurisdiction a sorefused, inwriting,
to enforcethe provisionsof 90.1 (refer to Appendix 6). Therefore, the Prescriptive Path (Section 6.3)
isthe only ANSI/ASHRAE/IESNA Standard 90.1-1999 compliance path available to this project.
It is upon this basis that this evaluation is made.

6.2 Mandatory Provisions

6.2.1 Mechanical Equipment Efficiency. Equipment shownin Tables6.2.1Athrough6.2.1G
shall have a minimum performance at the specified rating conditions when tested in
accordance with the specified test procedure. Where multiple rating conditions or
performance requirements are provided, the equipment shall satisfy all stated requirements,
unless otherwise exempted by footnotes in the table. However, equipment covered under the
Federal Energy Policy Act of 1992 (EPACT) shall have no minimum efficiency requirements
for operation at minimum capacity or other than standard rating conditions. Equi pment used
to provide water heating functions as part of a combination system shall satisfy all stated
requirements for the appropriate space heating or cooling category. (Inapplicable portions
of Section 6.2.1 have been deleted for brevity)

6.2.1 Violations: The water chiller originally specified was a nominal 500-ton, air-cooled chiller
using a propylene glycol solution. The specified manufacturer derates that chiller’s performanceto
404 tons at the operating conditions specified. For an unknown reason, the designers modified the
Chiller Schedule on the drawings to a 400 nominal ton machine, using the derated performance
criteria for the original machine. The water chiller provided does not meet the 2.80 COP/IPLV
requirements of ANSI/ASHRAE/IESNA Standard 90.1-1999, Table 6.2.1C, and the design does not
meet the exception provisionsto Section 6.2.1. The equipment manufacturer isthe same as specified
in the Construction Documents, and according to the manufacturer’ s selection program, has a COP
of only 2.56 at the conditions specified (8.6% below requirementsin Table6.2.1C). Thedesign does
not qualify for any allowable exception to this requirement. The primary cooling plant for this
building does not meet the minimum efficiency requirements of ANSI/ASHRAE/IESNA Standard
90.1-1999. One (1) violation is noted.

Comments: Thesum of the coil flowscometo 1,601 gpm and acombined cooling load of 734.1tons

of refrigeration. At the time of bid, the Construction Documents indicated a nominal 500-ton
machine delivering 870 gpm of 35% propylene glycol with an initially scheduled capacity
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requirement of 441.9tonsof refrigeration effect. No thermal storage was provided and the equipment
specified isnot equipped to makeice. Given that theindicated capacity only 60% of the sum of cail
loads, the initial chiller design capacity appeared to be dubious.

The reviewing professionals questioned the specified chiller performance, performed equipment
selections on the chiller specified to validate that the specified performance could be achieved, and
noted that the machine specified could not providethe specified capacity, could only deliver 404 tons
at the temperatures and flowsindicated, or 55% of the sum of the coil loads. Thisdeficiency, and the
reasons for it, were noted in the review of the bidding documents given to the designer.

Subsequently, without modifying theload-side performancecriteria, the designteam announced that
they had found more “ efficiencies’ and further reduced the size of the equipment to a nominal 400-
ton machine with an actual deliverable capacity of approximately 323 tons, now down to only 44%
of thesumof coil loads. Thisraisestheobviousquestion, “If arefrigeration machine can only deliver
90% of theoriginally specified performance, why would aresponsible design professional reducethe
size of that equipment another 20%7?”

This begs the question as to whether the thermal load computations used for the facility were
computed properly.

6.2.2 Load Calculations. Heating and cooling systemdesign loads for the purpose of sizing
systems and equipment shall be determined in accordance with generally accepted
engineering standards and handbooks acceptable to the adopting authority (for example,
ASHRAE Handbook—Fundamental's).

6.2.2 Violations: Design conditionsfor compliancewith ANSI/ASHRAE/IESNA Standard 90.1-1999
are defined under Section 3.1 of the Standard. Design conditions listed on the plansindicated 95°F
db and 75°F wb were used for cooling, and -30°F was used for heating. The nearest city for which
weather datais readily available is Wausau, Wisconsin, which has ASHRAE 0.4% design cooling
conditions of 88°F db and 71°F wb, and ASHRAE 99% design heating conditions of -15°F. The
Wisconsin Code permitted design conditionsof 86°F db and 75°F whb, and design heating conditions
of -25°F. The design conditions employed for load cal cul ations and equipment selection failed to
comply with therequirements of ANSI/ASHRAE/IESNA Standard 90.1. Heating design conditions
used also exceeded those defined for ANSI/ASHRAE/IESNA Standard 90.1-1999, and local Codes.
One violation each is noted for heating and cooling load computations.

Observations: There is a significant conflict between the Wisconsin Code and
ANSI/ASHRAE/IESNA Standard 90.1-1999. Standard 90.1 define limits the designer shall not
exceed. TheWisconsin Codeiswritten such that the design temperaturesrepresent minimumswhich
the designer must design for. Good practice would have the designer use values representing the
more rigorous of the two. However, since the 1992 Energy Policy Act required all states to adopt
energy codes no less stringent than ANSI/ASHRAE/IESNA Standard 90.1, federal law and the
LEED™ prerequisites take precedence. In this case, both sets of criteria were ignored and more
extreme conditions were used. As such, the design heating and cooling load calcul ations not only
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failed to comply with the requirements of ANSI/ASHRAE/IESNA Standard 90.1-1999, they
constituted aviolation of both federal law and an act of misconduct asdefined under Wisconsin Rules
of Professional Conduct for Architects, Engineers, Designersand Surveyors, A-E 8, Article A-E 8.03
(3) (a) (see Appendix 4).

Thisisasignificant violation of ANSI/ASHRAE/IESNA Standard 90.1 that hasresulted in substantial
over-design of the HVAC systems. This degree of deviation has far reaching, practical adverse
consequences for the design and long term energy performance of the facility.

. The cooling design conditions employed produce exaggerated space cooling loads and air
flow requirements. Space coolingloadscan bedividedintointernal and external loads. Even
with maximum permissible lighting load Watt density of 1.5 W/sf and full occupancy loads,
building envelope loads appear substantially larger than would be reasonably expected. It
would be very informative to review the underlying assumptions behind these calculations.

. Ventilation typically constitutes somewhere between 80-90% of cooling loads. The cooling
design conditions employed would produce exaggerated design ventilation cooling loads,
approximately 40% greater than those that would otherwise be predicted with compliant
computational methods.

. Asdesigned, large zonesareserved by variabletemperature, constant volumeHV AC systems
(AC-1,AC-4,AC-5,AC-8, AC-9,and AC-10). Thesesystemswill beincapable of managing
relative humidity conditions under light loads and occupancy conditions and increase the
potential for mold growth.

. Cooling loadsfor individual spacesand systems have been substantially overstated resulting
in higher design peak air flow rates. This would have artificially increased the VAV box
minimum settings allowable under ANSI/ASHRAE/IESNA Standard 90.1-1999 thereby
imposing increased reheat loads on the facility in violation of Sections 6.3.1.4 and 6.3.2.1.

. It would aso impact the Ventilation Rate Procedure computations required by
ANSI/ASHRAE Standard 62.1-1999, artificially reducing the outdoor air fraction required
at the air handling units.

. Thisreductionin outdoor air fraction could alsoimpact the ANSI/ASHRAE/IESNA Standard
90.1-1999 requirements for application of energy recovery processes under Section 6.3.6.1.

The impact of the improper computation of heating and cooling loads has implications for all areas
of HVAC system design. The failure to use proper design parameters is a substantial violation of
ANSI/ASHRAE/IESNA Standard 90.1-1999 with mgjor implications for design and demonstrates
aseriousviolation of thebasicintent behind LEED™ Prerequisites and the requirements of the 1992
Energy Policy Act..
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6.2.3 Controls

6.2.3.1.2 Dead Band. Where used to control both heating and cooling, zone thermostatic
controls shall be capable of providing a temperature range or dead band of at least 5°F
within which the supply of heating and cooling energy to the zone is shut off or reduced to a
minimum.

Violation: The Construction Documents do not addressthis requirement. Thereisno indication in
the Temperature Control As Built record documents that this requirement was met. The fallure to
comply with Section 6.2.3.1.2 of ANSI/ASHRAE/IESNA Standard 90.1-1999 may only be a
technical violation but is illustrative of the extent of the violations of LEED™ Prerequisites,
longstanding requirements of the State of Wisconsin Enrolled Code, and requirements of the 1992
Energy Policy Act. 79 violations are noted for heating terminal devices. VAV Reheat devices are
not included in this number because even though the dead band was not required in the either the
Construction Documentsor record Temperature Control Documents. The physical capability isthere
and normally programmed in by Temperature Control contractors to reduce wear and tear on
actuators.

6.2.3.2 Off-Hour Controls. HVAC systems having a design heating or cooling capacity
greater than 65,000 Btu/h and fan system power greater than 3/4 hp shall have all of the
following off-hour controls: Automatic Shutdown (6.2.3.2.1), Setback Controls (6.2.3.2.2),
Optimum Start Controls (6.2.3.2.3), Shutoff Damper Controls(6.2.3.2.4), and Zonelsolation
(6.2.3.2.5).

Violations: Review of the Construction Documents indicates that while the air handling systems
were equi pped with Shutoff Dampers (6.2.3.2.4) and Automatic Shutdown (6.2.3.2.1) controls based
on time-of-day operation, Setback (6.2.3.2.2) Control was explicitly prohibited, and Optimum Start
Controls(6.2.3.2.3) and Zone Isolation (6.2.3.2.5) controlswere not provided. Review of therecord
Temperature Control Drawingsindicatesthat theserequired control functionswerenot provided. 454
separate violations are noted for failing to specify or provide set-back and optimum start controls on
213 heating terminal devices and 14 air handling units. VAV Reheat devices are included in this
number because setback control logicisnot required in the either the Construction Documents or the
record Temperature Control Documents.

Observations. This failure to comply with this requirement might be argued to be an oversight, or
atechnical violation of ANSI/ASHRAE/IESNA Standard 90.1-1999, but isillustrative of the extent
towhich L EED™ Prerequisites, longstanding requirementsof the State of Wisconsin Enrolled Code,
and requirements of the 1992 Energy Policy Act wereignored on this project.

6.2.4 HVAC System Construction and I nsulation

6.2.4.3 Duct Sealing. Ductwork and plenums shall be sealed in accordance with Table
6.2.4.3A (Table 6.2.4.3B provides definitions of seal levels), as required to meet the
requirements of 6.2.4.4, and with standard industry practice.
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Comment: In addition to being a LEED™ prerequisite, and a requirement of
ANSI/ASHRAE/IESNA Standard 90.1-1999, this requirement is also a matter of compliance with
theWisconsin Enrolled Code. The Construction Documentsonly minimally addressthisrequirement.
It isalso amatter of record that duct |eakage has been a significant problem on this project and that
the building has had problems maintaining heat in the facility. Leakage has been noted as prevaent
with respect to the duct board construction down stream of VAV Reheat boxes where pressure
sensitive tape was employed.

6.2.4.4 Duct Leakage Tests. Ductwor kthat isdesigned to oper ate at static pressuresin excess
of 3in.w.c. shall beleak tested according to industry-accepted test procedures (see Appendix
E). Representative sections totaling no less than 25% of the total installed duct area for the
designated pressure class shall be tested. Duct systems with pressure ratingsin excess of 3
in. w.c. shall be identified on the drawings.

Violation: The Construction Documentsfailed to requireduct leakagetesting. Thefailureto comply
with this requirement affects the duct systemsfor entire building and has had major implicationsfor
actual building system performance. 73 separate violations are noted for this matter, one each for 45
exhaust fans, and two each for 14 air handling units.

6.2.5 Completion Requirements

6.2.5.1 Drawings. Construction documents shall require that within 90 days after the date
of system acceptance, record drawings of the actual installation be provided to the building
owner. Record drawings shall include as a minimum the location and performance data on
each pieceof equi pment, general configuration of duct and pi pedistribution systemincluding
sizes, and the terminal air or water design flow rates.

Violation: The appellants were unable to obtain copies of the record Drawings for reproduction and
had to rely on salvaging documents from installing contractors. One violation noted.

6.2.5.3 System Balancing

6.2.5.3.3 Hydronic System Balancing. Hydronic systems shall be proportionately balanced
in a manner to first minimize throttling losses; then the pump impeller shall be trimmed or
pump speed shall be adjusted to meet design flow conditions. Each hydronic systemshall have
either the ability to measure differential pressureincreaseacrossthe pump or havetest ports
at each side of each pump.

Exceptionsto 6.2.5.3.3:

(a) Pumps with pump motors of 10 hp or less.

(b) Whenthrottling resultsin no greater than 5% of the namepl ate hor sepower draw, or 3 hp,
whichever is greater, above that required if the impeller was trimmed.

Violation: The Testing and Balancing report indicated that the systems were balanced. Field
observation of the primary heating and primary and secondary cooling pumps found that balancing
had been made by adjustment of the discharge valves and that pump impellers may not have been
trimmed. Four violations are noted, one for each pump identified.
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Comment: Thepumpsin question are high head, large horsepower pumps. Total pump design heads
were significantly beyond that which would be anticipated by the reviewing professionals for these
applications. Itishighly likely that theimpellershave been trimmed to thelimit possible by the pump
manufacturer, and that additional balancing at the discharge valve was necessary. The pumps are
being operated at conditionswell beyond those permitted by ANSI/ASHRAE/IESNA Standard 90.1-
1999. The falure to comply with this requirement is a substantial violation of
ANSI/ASHRAE/IESNA Standard 90.1-1999 with long term energy consequences, and isindicative
of the extent of the violations of LEED™ Prerequisites.

6.2.5.4 System Commissioning. HVAC control systems shall betested to ensurethat control
elementsare calibrated, adjusted, andin proper working condition. For projectslarger than
50,000 ft* conditioned ar ea, except war ehouses and semi heated spaces, detailed instructions
for commissioning HVAC systems (see Appendix E) shall be provided by thedesigner in plans
and specifications.

Violation: Appendix E of ANSI/ASHRAE/IESNA Standard 90.1-1999 contains the reference to
ASHRAE Guideline 1, The HYAC Commissioning Process. Under LEED™ 2.1 NC, Prerequisite
EA1 requires six specific procedures be implemented including review of design intent, basis of
design documentation, and incorporation of commissioning requirements into the Construction
Documents. Establishing design intent involves establishing “occupancy requirements,” “system
functions, energy, and air quality and environmental performance criteria®.” One violation is noted
for the failure to issue detailed Commissioning requirements with the Construction Documents,
however, substantially more may have occurred.

Comment: Whilethereviewing professionalsand appellants are aware that a Commissioning Agent
wasengaged, webelievethat thereissubstantial evidencetoindicatethat the Commissioning process
was (1) not executed in accordance with LEED™ 2.1 NC, (2) not executed in accordance with
ANSI/ASHRAE/IESNA Standard 90.1-1999, and (3) not executed in accordance with ASHRAE
Guideline 1, 1996. No matter which way this gets spun, the requirements of LEED™ 2.1 NC and
ANSI/ASHRAE/IESNA Standard 90.1-1999 were viol ated.

ANSI/ASHRAE Standard 62.1-1999 and ANSI/ASHRAE/IESNA Standard 90.1-1999 both have
substantial design computation and documentation requirements which require design review by the
Commissioning Agent. The nature and extent of the deficiencies observed in the design and in the
field by the reviewing professionals indicate a high probability that the design team either failed to
prepare the necessary computations, failed to engage Commissioning Servicesin timeto providethe
required design review process, or that Commissioning Services were not performed in acompetent
manner by the Commissioning Agent.

The problems with this design should have been readily apparent to anyone familiar with the

requirements of ANSI/ASHRAE/IESNA Standard 90.1-1999 and computational procedures of
ANSI/ASHRAE Standard 62.1-1999. Indicators of non-compliant designs include:
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1. Theuse of VAV reheat systems using arecirculation path without the benefit of:
a An outdoor air injection fan or parallel dedicated outdoor air system.
b. The necessary controlsto ensure adequate outdoor air delivery at low flow conditions
a al air handling units.
C. This would indicate a solution probably noncompliant with both ANSI/ASHRAE
Standard 62.1 and ANSI/ASHRAE/IESNA Standard 90.1.

2. Uniform VAV Reheat air termina unit air flow percentages approximating 30%. Thiswould
suggest some awareness of the reheat limitations of ANSI/ASHRAE/IESNA Standard 90.1,
but a lack of awareness of the fact that the 30% of peak flow had been deleted from
ANSI/ASHRAE/IESNA Standard 90.1-1999 and indicative of failure to perform the
Ventilation Rate Procedure computations required by ANSI/ASHRAE Standard 62.1-1999.

3. Uniform VAV Reheat air terminal unit air flow percentages greater than 30%. Thiswould
suggest both lack of awareness of the reheat limitations of ANSI/ASHRAE/IESNA Standard
90.1-1999 and indicative of failure to perform the Ventilation Rate Procedure computations
required by ANSI/ASHRAE Standard 62.1-1999.

4, Minimum outdoor air percentages lower than 50%. This indicates the improper use of the
Multiple SpacesEquationfor VAV systems, if the ANSI/ASHRAE Standard 62.1 Ventilation
Rate Procedure computations have been performed at all.

Had the Commissioning Process reviews required by LEED™ 2.1 NC and ASHRAE Guiddline-1
been performed, mosgt, if not all of the deficienciesidentified by the reviewing professionals should
have been identified by the Commissioning Agent and corrected by the design team prior to the
issuance of Construction Documents.

As of seven days prior to the Bid Date, the Construction Documents should have, but failed, to
include detailed commissioning specifications. Issuanceof commissioning requirements subsequent
to the bid date would not have satisfied the requirementsof LEED™ 2.1 NC and would have caused
intheinstalling Contractorsto not including the cost of their Commissioning responsibilitiesintheir
bids.

6.3 Prescriptive Requirements

Comment: The prescriptive path isdeemed by the reviewing professionalsto be the appropriate and
only ANSI/ASHRAE/IESNA Standard 90.1-1999 compliance path available for this project, given
the failure of the design team to meet the requirements of the Energy Cost Budget Method.

6.3.1 Economizers. Each cooling system that has a fan and has capacity greater than or
equal tothesizelistedin Table 6.3.1 shall include either an air or water economizer meeting
therequirementsof 6.3.1.1 through 6.3.1.4. (Exceptionsto 6.3.1: arenot applicableand are
not listed for brevity.)
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6.3.1.1 Air Economizers
6.3.1.1.1 Design Capacity. Air economizer systems shall be capable of modulating outside
air and return air dampersto provide up to 100% of the design supply air quantity asoutside
air for cooling.
6.3.1.1.2 Control Signal. Economizer dampers shall be capable of being sequenced with the
mechanical cooling equipment and shall not be controlled by only mixed air temperature.
(Emphasis added)
Exception to 6.3.1.1.2: The use of mixed air temperature limit control shall be
permitted for systems controlled from space temperature (such as single-zone
systems).

Violation: Air economizerswereprovidedinall air handling systems. However, theair economizers
employed for all seven VAV Reheat systems not only employed mixed air control, which is
permitted, but included amixed air low limit, whichisprohibited invariableair volume system types.
The requirements for special controls by ANSI/ASHRAE Standard 62.1, Section 5.3, were not
addressed in either the Construction Documents, nor werethey installed asa part of the Temperature
Control System. The requirements were not included in the Construction Documents, Neither the
necessary hardware nor the necessary logic is indicated to have been provided in the record
Temperature Control documents.  This constitutes multiple, serious violations of both
ANSI/ASHRAE/IESNA Standard 90.1-1999 and essentially prevent compliance with
ANSI/ASHRAE Standard 62.1 with the system types provided. Seven violations are noted, one for
each VAV air handling unit.

Comment: To comply with the requirements of ANSI/ASHRAE Standard 62.1, Section 5.3, the
systems must be able to deliver the requisite amount of outdoor air to each occupied space. As
ambient temperatures go below 55°F, mixed air control actsto reduce the outdoor air fraction on the
system at the air handling unit. At the sametime, cooling loads to the space from building envelope
elements al so tend to decline, decreasing the amount of air provided by VAV systemsto the spaces.
To maintain agiven rate of supply air delivery to a space as the amount of primary air delivered to
that space declines, the outdoor air fraction must increase with declining primary flow, not decrease
as would normally occur with mixed air control. A mixed air low limit control also prevents the
necessary control action and thoroughly compromises the system’s ability to provide the requisite
amount of outdoor air at minimum flow conditions.

To accomplish thisobjectivewith VAV Reheat systems, where ventilation air isintroduced through
amixed air path, as is done with these systems, the control system must continuously monitor the
required outdoor air fraction at each zone served and the actual outdoor air fraction, and have the
ability to actively adjust the outdoor air fraction at the air handling system to accommodate the needs
of the critical spacein real time.

The equation for these computations is found in the multiple spaces provisions of ANSI/ASHRAE
Standard 62.1, Section 6.1.3.1, Equation (6-1). The necessary logic must be specified in the
Construction Documents, and provided in the Temperature Control System. Specific measurement
equipment isrequired to accomplish this. None of the required equipment or control logic was either
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specified or installed. Instead, a control strategy that would completely compromise this objective
was specified and installed.

Thisviolation is extremely serious. It completely compromised compliance with LEED™ 2.1 NC
Prerequisite EQ1 for morethan half of theair handling systemsin the building. Those eight systems
(HRAC-1, HRAC-2, HRAC-3, HRAC-4, AC-2, AC-3, AC-6, and AC-7) provide 54% of the total
building air delivery capacity and servethe most densely and continuously occupied areas serving the
primary function of the building. Thisaloneis abasisfor revocation of the LEED™ 2.1 NC Gold
Certification. However, thisis not the only nor the most serious disqualifying defect in the design
and construction of thisfacility.

6.3.1.1.3High Limit Shutoff. All air economizersshall be capabl e of automatically reducing
outsideair intaketo the minimumaquantitiesrequired by 6.1.2 of ASHRAE Standard 62 when
outsideair intakewill nolonger reducecooling energy usage. High limit shutoff control types
for specific climatesshall bechosenfromTable6.3.1.1.3A. High limit shutoff control settings
for these control types shall be those listed in Table 6.3.1.1.3B.

Violation: Thehi limit shutoff temperatures specifiedisnot asrequiredin Table6.3.1.1.3B on all air
handling systems. 14 total violations, one for each of 14 air handling systems.

Comment: This is a minor technicality readily corrected through system software. However it
represents one more example of failure to observe prerequisite requirements.

6.3.1.4 Economizer Heating System | mpact. HVAC system design and economizer controls
shall be such that economizer operation does not increase the building heating energy use
during normal operation.

Violation: Violations associated with Sections 6.3.2.1, 6.3.6.1 and ANSI/ASHRAE Standard 62.1-
1999, Section 6.1.3.1 resulted in significantly increasing building heating energy use and heating
capacity requirements. The reviewing professionals have determined that the increase in heating
capacity required is approximately 400%.

Comment: Please review the information provided regarding violations of the above sections.

6.3.2 Simultaneous Heating and Cooling Limitation

6.3.2.1 Zone Controls. Zone thermostatic controls shall be capable of operating in sequence
the supply of heating and cooling energy to the zone. Such controls shall prevent

(2) reheating,

(2) recooling,

(3) mixing or simultaneously supplying air that has been previously mechanically heated and
air that has been previously cooled, either by mechanical refrigeration or by economizer
systems, and

(4) other simultaneous operation of heating and cooling systems to the same zone.
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Exceptionsto 6.3.2.1.

(a) Zones for which the volume of air that is reheated, recooled, or mixed is no greater than
the larger of the following:

(1) The volume of outside air required to meet the ventilation requirements of 6.1.3 of
ASHRAE Standard 62 for the zone. (Emphasis added) For variable air volume systems, the
minimumvolume controller shall be certified by the manufacturer to be ableto maintain this
minimum flow rate within 10%.

Comments on Exception (a)(1): Outdoor air ventilation rates required for Standard 62.1-1999 must
be computed to determine the correct minimum flows required for this exception and, for variable
air volume systems, the minimum volume controller must meet the ventilation requirements of 6.1.3
of ASHRAE Standard 62 within 10%. Since the Construction Documents and the record
Temperature Control Documentsindicate that no mechanism to meet thisrequirement was provided,
this exception does not apply.

(2) 0.4 cfm/ft2 of the zone conditioned floor area, (Emphasis added) provided that the
temperature of the primary systemair is, by design or through reset controls, 0-12°F below
the design space heating temperature when outside air temperatures are below 60°F for
reheat systems and the cold deck of mixing systems and 0-12°F above design space
temper aturewhen outside air temperaturesare above 60°F for recooling systemsand the hot
deck of mixing systems. For multiple zone systems, each zone need not comply with this
exception provided the average of all zones served by the system that have both heating and
cooling ability comply.

Comment on Exception (a)(2): Therearetwotestshere. Thisprovision permitsthe use of reheat up
to 0.4 CFM/ft?, however, a cold deck reset must be provided. Sinceno cold deck reset was provided
for with any of the subject systems, this exception does not apply.

(3) 300 cfm. (Emphasis added) This exception is for zones whose peak flow rate totals no
mor e than 10% of the total fan system flow rate.

Comment on Exception (a)(3): This provision permitsthe use of reheat up to an air delivery rate of
not more than 300 cfm provided the sum of their peak flow rates do not exceed 10% of the total air
delivery capacity of the air handling unit. Only 10 of the 134 VAV air terminal units, and none of
the 11 booster coils provided for AC-3 qualify for this exception.

(4) Any higher rate that can be demonstrated, to the satisfaction of the authority having
jurisdiction, to reduce overall system annual energy usage by offsetting reheat/recool
energy losses through a reduction in outdoor air intake in accordance with the multiple
space requirements defined in ASHRAE Standard 62. (Emphasis added)

Comment on Exception (a)(4): Thisprovision permitsthe use of reheat upontheapproval of the AHJ
only on the basis of offsetting airflows computed using Equation 6-1 from Standard 62.1. Sincethe
compliance computations clearly establish that the design of the HVAC systems at this facility are
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not based upon Standard 62.1 criteria, this exception does not apply.

(b) Zones where special pressurization relationships, cross contamination requirements, or
code-required minimum circulation rates are such that variable air volume systems are
impractical.

Comment on Exception (b): Given the control capabilities that have been developed for VAV
systems to permit them maintain special pressure relationships and prevent cross contamination
issues, thisprovision isan anachronism and extraordinarily difficult to justify. Furthermore, nothing
in the applicable codes or standards would justify the application of this criteria to any occupancy
category found on this project. Since amost all of the spaces are served by VAV systems, this
exception simply does not apply.

(c)Zoneswhere at least 75% of the energy for reheating or for providing warmair in mixing
systems is provided from a site-recovered (including condenser heat) or site solar energy
source.

Comment on Exception (c): Since no energy recovery, solar or other renewable energy resourceis
employed to offset reheat energy, this exception does not apply.

Violations: Section 6.3.2.1 of ANSI/ASHRAE/IESNA Standard 90.1-1999 is a blanket prohibition
of simultaneous heating and cooling. Reheat is permitted only under limited exceptions to this
provision. The only exception that could have conceivably applied to the design of the VAV Reheat
boxes would have been exception (a)(1).

There are four distinct and separate violations to Section 6.3.2.1.

1) outdoor air ventilation rates required for Standard 62.1-1999 compliance are required to be used
to compute ANSI/ASHRAE/IESNA Standard 90.1-1999 minimum flow quantities. Standard 90.1
establishes Standard 62.1 minimums as Standard 90.1 maximums. Compliance computations show
that, asdesigned, minimum ventilation rateseither exceeded that required on 133 of 134 VAV Reheat
boxes. Asdesigned, 99.3% failed to comply with thisrequirement. Asinstalled, 134 of 134 VAV
Reheat boxes (100%) also failed to comply with the requirements of this Exception.

2) Exception (a)(2) permits minimum flow rates to be based on 0.4 cfm/ft2 when a cold deck reset
function isprovided. When measured asaratio of flow per unit floor area, actual minimum air flow
ratesvaried from 0.14 to 1.76 cfm/ft2, demonstrating that Exception (8)(2) was not the basis for the
exception. From the Construction Documents, it was apparent that minimum air flow rates were
actualy computed to achieve one of three leaving discharge air temperatures for heating purposes;
85°F, 90°F, or 95°F. Furthermore, VAV box minimums were reset to 30% for summer operation.
Neither of these practicesare permitted under ANSI/ASHRAE/IESNA Standard 90.1-1999. Assuch,
neither basesfor determination of minimumair blowsfor 134 of 134 devices(100%) failed to comply
with the requirements of this Exception, for a subtotal of 268 separate violations.
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3) For variable air volume systems, the minimum volume controller must meet the ventilation
requirements of 6.1.3 of ASHRAE Standard 62 within 10%. Review of the specificationsand record
Temperature Control Documents indicate that the designers failed to any mechanism to meet this
requirement a part of the Construction Documents and no mechanism was not provided during
construction. 134 of 134 (100%) of the installed devices failed to comply with the requirements of
this Exception.

In addition, the limitations of exception 6.3.2.1 (a)(3) make air handling system AC-3, serving 11
reheat coils, 9 of which exceed the capacity limitations, and the sum of the 11 coils, a prohibited
system type.

Comment: Since these violations were also violations of the Wisconsin Enrolled Code, it was
reported to the Authority Having Jurisdiction as required by the Wisconsin Rules of Professional
Conduct for Architects, Engineers, Designers and Surveyors, A-E 8, Article A-E 8.08. Between the
time of bid, and the completion of construction, the number of Code non-compliant devices was
reduced from 119 to 76, or 57% of the installed reheat air terminalsinstalled. These conditions are
currently in violation of the provisions of the Wisconsin Enrolled Code.

These were flagrant and widespread violations with significant implications for the design and
installation of not only the VAV Reheat boxes, but for 8 of 14 air handling systems. It also has
significantimplicationsfor the sizeand energy use characteristicsof both primary heating and cooling
plants.

6.3.3 Air System Design and Control. HVAC systems having a total fan system power
exceeding 5 hp shall meet the provisions of 6.3.3.1 through 6.3.3.3 unless otherwise noted.

TABLE 6.3.3.1- FAN POWER LIMITATION
Allowable Nameplate Motor Power

Supply Air Volume Constant Volume Variable Volume
<20,000 cfm 1.2 hp/1000 cfm 1.7 hp/1000 cfm
>20,000 cfm 1.1 hp/1000 cfm 1.5 hp/1000 cfm

6.3.3.1 Fan Power Limitation.

(a) Theratio of the fan system power to the supply fan airflow rate (main fan) of each HVAC
system at design conditions shall not exceed the allowable fan system power shown in Table
6.3.3.1.

(b) Where air systemsrequireair treatment or filtering systems with pressure drops over 1
in. w.c. when filters are clean, or heat recovery coils or devices, or direct evaporative
humidifiers/coolers, or other devices to serve process loads in the airstream, the allowable
fan system power may be adjusted using the pressure credit in the allowable fan system
eguation at the end of 6.3.3.1.

(o)If thetemper atur e differ ence between design roomtemperatureand supply air temper ature
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at cooling design conditionsthat i sused to cal culate design zone supply airflowislarger than
20°F, the allowable fan system power may be adjusted using the temperature ratio in the
allowable fan system power equation at the end of 6.3.3.1.

Allowable Fan SystemPower = [Table6.3.3.1 Fan Power Limitation” (TemperatureRatio) + PressureCredit + Relief Fan
Credit] where:
Table 6.3.3.1 Fan Power Limitation = Table Value "CFM/1000
Temperature Ratio = (T, — Ts) / 20 (11.2)
Pressure Credit (hp) = Sumof [, ~ (SPN—1.0) / 3718] + Sumof [CFM,; * SP,/3718]
Relief Fan Credit HP (KW) = Fg e (KW) * [1 - (CFMg: / CFM,)]
CFMn = supply air volume of the unit with the filtering system (cfm)
CFMy = supply air volume of heat recovery coils or direct evaporative humidified/cooler (cfm)
CFMg: = relief fan air volume at normal cooling design operation
SP, = air pressure drop of the filtering system when filters are clean (in. w.g.)
P,z = air pressure drop of heat recovery coils or direct evaporative humidifier/cooler (in. w.g.).
T« = FOOM thermostat set point
Ts = design supply air temperature for the zone in which the thermostat is located
Fr = name platerating of therelief fan in hp

Violation: 12 of 14 air handling systems exceeded the permissible motor horsepower requirements
at design and as constructed after the reviewing professionals considered possible credits. The
ANSI/ASHRAE/IESNA Standard 90.1-1999 permissible motor horsepower was 266.7 motor
horsepower. For the systems as designed, the sum of thefan motor horsepower cameto 496 hp, 186%
of the permissible limit. Asinstaled, however, 12 of 14 air handling systems still exceeded the
permissible motor horsepower limits even though installed motor horsepower was reduced to 391.2
hp, anet reduction of 105.9 hp. Total fan horsepower remained 46.7% greater than permitted under
ANSI/ASHRAE/IESNA Standard 90.1-1999. See Appendix 10.

Comment: It would not beunusual for one system or another to exceed motor horsepower limitations.
However, it appears that this requirement was initially ssimply ignored. An effort was apparently
made to reduce motor horsepower during construction when approximately 105.9 fan motor
horsepower was stripped from the project. However, it still failsthetest. Further reductions would
have impacted both equipment selections and duct design.

6.3.3.2 Variable Air Volume (VAV) Fan Control (Including Systems Using Series Fan
Power Boxes).

6.3.3.2.1 Part-Load Fan Power Limitation. Individual VAV fans with motors 30 hp and
larger shall have other controlsand devicesthat will result in fan motor demand of no more
than 30% of design wattage at 50% of design air volumewhen static pressureset point equals
one-third of the total design static pressure, based on manufacturer’s certified fan data.

Comment: Insufficient data was available to evaluate this issue.

6.3.3.2.2 Static Pressure Sensor Location. Satic pressure sensors used to control variable
air volume fans shall be placed in a position such that the controller set point is no greater
than one-third the total design fan static pressure, except for direct digital control systems
with zone reset capability where it may be at the fan discharge. If this results in the sensor
being located downstream of major duct splits, multiple sensors shall be installed in each
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major branch to ensure that static pressure can be maintained in each.
Comment: Insufficient data was available to evaluate thisissue.

6.3.3.2.3 Set Point Reset. For systems with direct digital control of individual zone boxes
reporting to the central control panel, static pressure set point shall be reset based on the
zone requiring the most pressure; i.e., the set point is reset lower until one zone damper is
nearly wide open.

Violation: Static pressure reset was not provided for in either the Construction Documents or
indicated as having been furnishedintherecord Temperature Control Drawings. Eight violationsare
noted, one each for 7 VAV air handling units plus one for the Gymnasium system.

Comment: This measure is a technical violation which could be rectified through programming
modifications. Assuch, it may not seem significant, however it serves as one more indication of the
flagrant manner with which the requirements of LEED™ prerequisites were ignored by this design
team. Thisisadefect affecting the performance of 7 air handling systems.

6.3.4 Hydronic System Design and Control. HVAC hydronic systems having a total pump
system power exceeding 10 hp shall meet provisions of 6.3.4.1 through 6.3.4.3.

6.3.4.1 Hydronic Variable Flow Systems. HVAC pumping systems shall include control
valves designed to modulate or step open and close as a function of load, shall be designed
for variable fluid flow, and shall be capable of reducing pump flow rates to 50% or less of
the design flow rate. Individual pumps serving variable flow systems having a pump head
exceeding 100 ft and motor exceeding 50 hp shall have controls and/or devices (such as
variable speed control) that will result in pump motor demand of no morethan 30% of design
wattage at 50% of design water flow. The controlsor devicesshall becontrolled asafunction
of desired flow or to maintainaminimumrequired differential pressure. Differential pressure
shall be measured at or near the most remote heat exchanger or the heat exchanger requiring
the greatest differential pressure.

Exceptionsto 6.3.4.1.

(a) Systemswherethe minimumflow islessthan the minimumflow required by the equipment
manufacturer for the proper operation of equipment served by the system, such as chillers,
and where total pump system power is 75 hp or less.

(b) Systems that include no more than three control valves.

Violation: Differential pressure for heating system secondary pump (150 ft) and secondary chilled
water pump (also 150 ft) are measured too close to the pumps and not across the hydraulically most
remote control valve. The pump head is so great the control valves will not be able to perform
properly. Three(3) violationsidentified, one each for the chilled water secondary pump and thetwo
heating water secondary pumps.

Comment: The engineering pump head seems to be grossly excessive.
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6.3.6 Energy Recovery

6.3.6.1 Exhaust Air Energy Recovery. Individual fan systemsthat have both a design supply
air capacity of 5000 cfmor greater and havea minimumoutsideair supply of 70% or greater
of the design supply air quantity shall have an energy recovery system with at least 50%
recovery effectiveness. Fifty percent energy recovery effectiveness shall meanachangeinthe
enthal py of the outdoor air supply equal to 50% of the differ ence between the outdoor air and
return air at design conditions. Provision shall be made to bypass or control the heat
recovery systemto permit air economizer operation asrequired by 6.3.1.1.

Exceptionsto 6.3.6.1

(a) Laboratory systems meeting 6.3.7.2.

(b) Systems serving spaces that are not cooled and that are heated to less than 60°F.

© Systems exhausting toxic, flammable, paint or corrosive fumes or dust.

(d) Commercial kitchen hoods (grease) classified as Type 1 by NFPA 96.

(e) Where more than 60% of the outdoor heating energy is provided from site-recovered or
site solar energy.

(f) Heating systemsin climates with less than 3600 HDDG65.

(g9) Cooling systemsin climates with a 2.5% cooling design wet-bulb temperature less than
65°F.

(h) Where the largest exhaust source is less than 75% of the design outdoor airflow.

(I Systemsrequiring dehumidification that empl oy series-styleener gy recovery coil swrapped
around the cooling coil.

Violation: Whileindividual exhaust fans are not individually sufficient to overcome Exception (h),
ANSI/ASHRAE Standard 62.1 compliance computationsindicatethat VAV systems AC-2, 6 and 7,
and HRAC-1, 2, 3, and 4 al require 100% outdoor air capabilities to meet minimum requirements.

Comments: The energy recovery wheels provided on HRAC units have several major deficiencies.

1) They aresufficiently sized to only meet minimum Wisconsin Code requirementsand not adequate
to meet Standard 62.1 ventilation requirements.

2) None of the energy to be recovered comes from any of the over 90,000 cfm of exhaust air from 42
different exhaust systems affecting 12 of 14 air handling units.

3) The energy recovery provided comesfrom thereturn air paths which would otherwise be recycled
through recirculation. Thistechnological misapplication not only eliminatesany energy benefit from
the energy recovery equipment employed, but imposes unnecessary and unproductive fan energy
penalties on the systems.

Inshort, all seven VAV air handling units should have been equipped with central exhaustsand made
100% outside air to comply with the combined requirements of ANSI/ASHRAE Standard 62.1-1999
and ANSI/ASHRAE/IESNA Standard 90.1-1999. Thisisamajor deficiency which by itself accounts
for 10,452 MBH of heating capacity and 11,877 MBH (75%) of the 16,000 MBH installed boiler
capacity. 54 separate violations are identified.
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ANSI/ASHRAE Standard 62.1-1999 (2001): LEED™ NC 2.1 requires compliancewiththe more
rigorous requirements of ANSI/ASHRAE Standard 62.1-1999 (with approved addenda) or the local
ventilation Code, Comm 64. Approved addenda to ANSI/ASHRAE Standard 62.1-1999 are
incorporated into ANSI/ASHRAE Standard 62.1-2001, and listed in Appendix H of that Standard.
In addition, ASHRAE has published formal interpretationsin response to questionsraised regarding
ANSI/ASHRAE Standard 62 since 1989. Severa of these interpretations apply to this project and
arereferenced.

Both ANSI/ASHRAE Standard 62.1-1999 and Comm 64 prescribe minimum ventilation rateson the
basis of air flow per occupant. Comm 64 ventilation requirements differ substantially from those
required by ANSI/ASHRAE Standard 62.1-1999 in both rate per occupant ventilation and method
of calculation. Comm 64.05 permits ventilation to be averaged across the system whereas
ANSI/ASHRAE Standard 62.1-1999 requires every space to receive the required rate of ventilation
under all conditions of occupancy.

For compliance with LEED™ NC 2.1 prerequisites, ventilation must be computed using Table 2
ventilation ratesand the V entilation Rate M ethod asdefined in ANSI/ASHRAE Standard 62.1-1999.

A sum total of 1,065 individual violations of ANSI/ASHRAE Standard 62.1-1999, plus addenda,
have been identified with the HVAC systems, and thisis only a partial list since the review was not
of the complete HV AC systems and the reviewing professionals did not have access to design team
project records.

Because the reviewing professionals do not have accessto the designer’ s computations and have not
performed detailed building thermal load computations, additional violations of the ASHRAE
Standards may have occurred.

4.1 Ventilation Rate Procedure: Acceptableair quality isachieved by providing ventilation
air of the specified quality and quantity to the space (see 6.1).

Violation: The ventilation rate procedure was not employed. This is known to have substantial
implications for 134 individual spaces for which compliance computations were performed by the
reviewing professionals.

5.2 Ventilating systems shall be designed and installed so that the ventilation air is supplied
throughout the occupied zone. The design documentation shall state assumptions that were
made in the design with respect to ventilation rates and air distribution.

Violation: Compliance computations were performed by the reviewing professionals to determine
the requisite ventilation rates for 134 space and outdoor air ventilation requirements for seven air
handling units; HRAC-1, 2, 3 and 4, and AC-2, 6 and 7. It was determined on the basis of
computationsthat the ANSI/ASHRAE Standard 62.1-1999 V entil ation Rate Procedure, aprerequisite
for LEED™ NC 2.1 certification, was not employed for this design. A total of 141 individual
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violations are identified for failing to perform the required computations each space investigated
(134) and each air handling unit for which compliance computations were performed (7).

Comment: Compliance computations were performed by the reviewing professional s to determine
theventil ation ratesrequired to meet therequirementsof ANSI/ASHRAE Standard 62.1-1999for 134
space and outdoor air ventilation requirementsfor seven air handling units; HRAC-1, 2, 3and 4, and
AC-2,6and 7. Inaddition, computations were performed using the ventilation requirements of the
Wisconsin Enrolled Code in effect at the time of the project to determine which set of ventilation
criteriawas actually used. Since the design team has never submitted the required computations to
thereviewing professionals, and thevalidation computationsindicate al essrigorous set of ventilation
criteriawas used in the design, it is deemed highly unlikely that the requisite documentation exists
or could be produced.

5.2 Ventilating systems shall be designed and installed so that the ventilation air is supplied
throughout the occupied zone. The design documentation shall state assumptions that were
made in the design with respect to ventilation rates and air distribution.

Violation: It is most unlikely that the design team can produce competently prepared compliance
documentation for this project. A non-compliant methodology was employed for this project.
Computing adequate ventilation with VAV systems are clarified in forma ASHRAE Interpretations
(see Appendix D, ANSI/ASHRAE Standard 62.1 and Interpretation IC 62-1999-28.) Computation
of outdoor air fractions at the space (Zi) for VAV Reheat systems must be computed by dividing the
outdoor air requirement by the minimum flow computed in compliance with the Exceptions to the
requirements of ANSI/ASHRAE/IESNA Standard 90.1-1999, Section 6.3.2.1. Compliance
computationsdemonstrating compliancewith therequirementsof Standard 62.1-1999 for the subject
Spaces can not exist. It is apparent from the compliance computations prepared by the reviewing
professionals that different criteriawere used. A total of 141 individual violations are identified for
this Section.

Comments: The number of actua violations will substantially exceed those identified in this
document as the design professionals did not perform calculations for every space in the building.
When challenged on thisissue, the design team stated, in apublic meeting recorded on videotape, that
they were not required to comply with ASHRAE Standards and that all they had to do was meet
minimum code requirements. And, that is exactly what they did. As a result, any clam of
compliance with ANSI/ASHRAE Standard 62.1-1999 would be false.

5.3 When the supply of air isreduced during times the space is occupied (e.g., in variable-
air-volume systems), provision shall be made to maintain acceptable indoor air quality
throughout the occupied zone.

Violation: Neither VAV Reheat boxes nor air handling systems have the hardware or control logic
to meet this requirement. Where systems are designed to recirculate air, special controls must be
provided to measure and monitor actual flow rates at each VAV reheat box and to monitor outdoor
air and total system flow rate to permit the system to adjust it’s outdoor air fraction to comply with
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therecirculation requirementsof ANSI/ASHRAE Standard 62.1-1999, Section 6.1.3.2. A total of 141
individual violations are identified for this Section.

5.5.1 Resistance to Mold Growth. Material surfaces shall be determined to be resistant to
mold growth in accordance with a standardized test method, such as Underwriters
Laboratories, Inc. (UL) 181 “ Mold Growth and Humidity Test,” ASTM C 1338 “ Standard
Test Method for Deter mining Fungi Resistance of Insulation Material and Facings,” or other
compar abl e test methods.

Exception to 5.5.1: Sheet metal surfaces and metal fasteners. Note: Even with this
resistance, any airstream surface that is continuously wetted is still subject to microbial
growth.

Violation: Construction Documents do not require compliance that duct board or duct liner comply
with either UL181 “Mold Growth and Humidity Test,” ASTM C 1338 “Standard Test Method for
Determining Fungi Resistance of Insulation Material and Facings.” Fiberglass duct is used
throughout the project on seven VAV systems downstream of 134 VAV boxes. Duct liner is
employed throughout the facility on low pressure supply and return ducts. A total of 28 individual
violations are identified for this Section.

Comment: A vaguereferenceto UL 181 ismadein Part 1 of Specification Section 15890B, but not
with respect to any product. ASTM C1338 is not even referenced. We can not determine whether
any of the products provided comply or not.

5.5.2 Resistance to Erosion. Airstream surface materials shall be evaluated in accordance
with the UnderwritersLaboratories, Inc. (UL) 181 Erosion Test” and shall not break away,
crack, pedl, flake off, or show evidence of delamination or continued erosion under test
conditions.

Exception to 5.5.2: Sheet metal surfaces and metal fasteners.

Violation: Construction Documents do not require compliance that duct board or duct liner comply
witheither UL181“ Erosion Test.” A total of 28 individual violationsareidentified for this Section.

Comment: A vaguereferenceto UL 181 ismadein Part 1 of Specification Section 15890B, but not
with respect to any product. We can not determine whether any of the products provided comply or
not.

5.8 Particulate Matter Removal. Particulate matter filtersor air cleanershaving a minimum
efficiency reporting value (MERV) of not lessthan 6 when rated in accor dance with ASHRAE
Standard 52.2-1999% shall be provided upstream of all cooling coils or other devices with
wetted surfaces through which air is supplied to an occupiable space.

Comment: The Construction Documents are extremely vague as to what kind of filters are to be

provided. The Air Handling Unit Specifications callsfor “2" thick low velocity throwaway filters’
and the air handling unit schedules call for “2" Pleated” filters. This installation may, or may not,
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comply. At very best, complianceis marginal.

5.10 High humidities can support the growth of pathogenic or allergenic organisms (see
Reference 19). Examples include certain species of fungi, associated mycotoxins, and dust
mites. Thisgrowthisenhanced by the presence of materialswith high cellul ose, even with low
nitrogen content, such asfiberboard, dust, lint, skin particles, and dander. Areas of concern
include bathroomsand bedrooms. Ther efor e, bathroomsshall conformto theventilationrates
in Table 2.3. Relative humidity in habitable spaces preferably should be maintained between
30% and 60% relative humidity (see Reference 10) to minimize growth of allergenic or
pathogenic organisms.

Violation: Thereis no effective humidity control with this facility. Humidification is not provided

during cold wesather operation. For summer operation, reheat is not available to temper the supply

air. Under these conditions, under-occupied spaces are highly likely to sub-cool with 30% minimum

air flows at lower than design conditions|eading to loss of thermal comfort and excessive humidity.
A total of 14 individual violations are identified for this Section.

Comment: Thiswould merely require the operation of the reheat system during warm wesather.

5.11 Microbial contamination in buildings is often a function of moisture incursion from
sources such as stagnant water in HVAC air distribution systems and cooling towers. Air-
handling unit condensate pans shall be designed for self-drainage to preclude the buildup of
microbial slime. Provision shall be made for periodic in-situ cleaning of cooling coils and
condensate pans. Air-handling and fan coil unitsshall be easily accessiblefor inspection and
preventive maintenance. Sleam is preferred as a moisture source for humidifiers, but care
should be exercised to avoid contamination from boiler water or steam supply additives. If
cold water humidifiers are specified, thewater shall originate froma potable source, and, if
recirculated, the systemwill require frequent maintenance and blow-down. Care should be
exercised to avoid particulate contamination due to evaporation of spray water. Standing
water used in conjunction with water sprays in HVAC air distribution systems should be
treated to avoid microbial buildup. If the relative humidity in occupied spaces and low
vel ocity ducts and plenums exceeds 70%, fungal contamination (for example, mold, mildew,
etc.) can occur. Special care should be taken to avoid entrainment of moisture drift from
cooling towers into the makeup air and building vents.

Violation: With fiberglass duct liner, no effective humidity control, for this facility, and a lack of
summer reheat, spaces are likely to experience excessive humidity and create an environment
conducive to the growth of mold and mildew. A total of 14 individual violations are identified for
this Section.

Comment: Thiswould merely require the operation of the reheat system during warm wesather.

6.1.3 Ventilation Requirements. Indoor air quality shall be considered acceptable if the
required rates of acceptable outdoor air in Table 2 are provided for the occupied space.
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Table 2 lists the required ventilation rates in cfm (L/s) per person or cfrvft? (L/sn¥) for a
variety of indoor spaces. In most cases, the contamination produced is presumed to bein
proportion to the number of persons in the space. In other cases, the contamination is
presumed to be chiefly dueto other factors and the ventilating rates given are based on more
appropriateparameters. Whereappropriate, thetabl eliststhe estimated density of peoplefor
design purposes. Wher e occupant density differs fromthat in Table 2, use the per occupant
ventilation rate for the anticipated occupancy load. The ventilation rates for specified
occupied spaces listed in Table 2 were selected to reflect the consensus that the provision of
acceptable outdoor air at these rateswould achieve an acceptablelevel of indoor air quality
by reasonably diluting human bi oeffluents, particulate matter, odors, and other contaminants
common to those spaces.

Violation: Ventilation rates from Table 2 were not employed for the design of thisfacility. Itisin
total non-compliance. 134 individua violations are identified for this Section for 134 rooms.

Comment: Thisisacomplete failureto comply with LEED™ prerequisites and should by itself be
sufficient to withdraw LEED™ NC 2.1 Certification

6.1.3.1 Multiple Spaces. Where mor e than one space is served by a common supply system,
the ratio of outdoor to supply air required to satisfy the ventilation and thermal control
requirements may differ from space to space. The system outdoor air quantity shall then be
determined using Equation

6-1 (see References 23 and 24).

Y= X/[I + X~ Z] (6-1)

where

Y = Vot/ Vst = corrected fraction of outdoor air in system supply

X = Von/Vst = uncorrected fraction of outdoor air in system supply

Z = Voc/Vsc = fraction of outdoor air in critical space. The critical spaceisthat space with
the greatest required fraction of outdoor air in the supply to this space.

Vot = corrected total outdoor air flow rate

Vst = total supply flow rate, i.e., the sum of all supply for all branches of the system

Von = sum of outdoor air flow rates for all branches on system

Voc = outdoor air flow raterequired in critical spaces

Vsc = supply flow ratein critical space

The procedureis as follows:

1. Calculate the uncorrected outdoor air fraction by dividing the sum of all the branch
outdoor air requirements by the sum of all the branch supply flow rates.

2. Calculatethecritical space outdoor air fraction by dividing the critical space outdoor air
requirement by the critical space supply flow rate.

3. Evaluate Equation 6-1 to find the corrected fraction of outdoor air to be provided in the
system supply.
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Rooms provided with exhaust air systems, such askitchens, baths, toilet rooms, and smoking
lounges, may utilize air supplied through adjacent habitable or occupiable spaces to
compensate for the air exhausted. The air supplied shall be of sufficient quantity to meet the
requirementsof Table2. Insomecases, thenumber of per sonscannot be estimated accurately
or varies considerably. In other cases, a space may require ventilation to remove
contamination gener ated within the space but unrel ated to human occupancy (e.g., outgassing
from building materials or furnishings). For these cases, Table 2 lists quantities in cfr/ft
(L/sn?) or an equivalent term. If human carcinogens or other harmful contaminants are
suspected to be present in the occupied space, other relevant standards or guidelines (e.g.,
OSHA, EPA) must super sede the ventilation rate procedure.

When spaces are unoccupied, ventilation is not generally required unless it is needed to
prevent accumulation of contaminants injurious to people, contents, or structure. Design
documentation shall specify all significant assumptions about occupants and contaminants.

Violation: Ventilation rates were not computed using the required multiple spaces equation for this
facility. It isin total non-compliance. A total of 141 individual violations are identified for this
Section for 134 rooms and 7 air handling units.

Comment: Thisisacomplete failureto comply with LEED™ prerequisites and should by itself be
sufficient to withdraw LEED™ NC 2.1 Certification.

6.1.3.2 Recirculation Criteria. Therequirementsfor ventilation air quantitiesgivenin Table
2 are for 100% outdoor air when the outdoor air quality meets the specifications for
acceptable outdoor air quality givenin 6.1.1. While these quantities are for 100% outdoor
air, they also set the amount of air required to dilute contaminants to acceptable levels.
Therefore, it isnecessary that at |east thisamount of air be deliver ed to the conditioned space
at all timesthe building isin use except as modified in 6.1.3.4.

Properly cleaned air may be recirculated. Under the ventilation rate procedure, for other
than intermittent variable occupancy as defined in 6.1.3.4, outdoor air flow rates may not be
reduced below the requirementsin Table 2. If cleaned, recirculated air is used to reduce the
outdoor air flow rate below thevalues shownin Table 2, the Air Quality Procedure, 6.2, must
be used. The air-cleaning systemfor the recirculated air may be located in the recirculated
air or in the mixed outdoor and recirculated airstream (see Figure 1).

Therecirculation ratefor the systemisdetermined by the air-cleaning systemefficiency. The
recirculationratemust beincreased to achievefull benefit of theair-cleaning system. Theair-
cleaning used to clean recirculated air should be designed to reduce particulate and, where
necessary and feasible, gaseous contaminants. The system shall be capable of providing
indoor air quality equivalent to that obtained using outdoor air at a rate specified in Table
2. Appendix D may be referenced for assistance in calculating the air flow requirements for
commonly used air distribution systems.
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Violation: Neither theventilation ratesfrom Table 2 nor the multipl e spaces equation were empl oyed
for the design and construction of thisfacility. The room controlsand air handling systemslack the
necessary controlsto providetherequired ventilation whenever aroomisoccupied. Itisintota non-
compliance. A total of 141 individual violations are identified for this Section for 134 rooms and 7
air handling units.

Comment: Thisisacomplete failure to comply with LEED™ prerequisites and should by itself be
sufficient to withdraw LEED™ NC 2.1 Certification.

6.3 Design Documentation Procedures. Design criteria and assumptions shall be
documented and should be made available for operation of the system within a reasonable
time after installation. See Sections 4 and 6 aswell as 5.2 and 6.1.3 regarding assumptions
that should be detailed in the documentation.

Violation: Since the proper ventilation rates and computational methods were not employed, atotal
of 141 individual violations are identified for this Section for 134 rooms and 7 air handling units.

Comment: Thisis acomplete failureto comply with LEED™ prerequisites and should by itself be
sufficient to withdraw LEED™ NC 2.1 Certification.

7.1 Construction Phase

7.1.3 Protection of Materials. When recommended by the manufacturer, building materials
shall be protected fromrain and other sources of moisture by appropriatein-transit and on-
site procedures. Porous materials with visible microbial growth shall not be installed.
Nonporous materials with visible microbial growth shall be decontaminated.

Violation: No requirements for protection of materials at the project site are included in the
Construction Documents. The matter isnot addressed. A total of 1individual violationisidentified
for this Section for the entire project..

7.2.6 Documentation. The following ventilation system documentation shall be provided to
the building owner or his’her designee, retained within the building, and made available to
the building operating personnel:

(a) An operating and maintenance manual describing basic datarelating to the operationand
maintenance of ventilation systems and equipment as installed.

(b) HVAC controls information consisting of diagrams, schematics, control sequence
narratives, and maintenance and/or calibration information.

© An air balance report documenting the work performed for 7.2.2.

(d) Construction drawings of record, control drawings, and final design drawings.

(e) Design criteria and assumptions.

Comment: It can not be confirmed that construction record drawings were provided.
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Joint ANSI/ASHRAE Standard 62.1-1999 (2001)/ ANSI/ASHRAE Standard 62.1-1999
ASHRAE Standard 62.1-1999 | ssues:

Violation: Section 6.1.3.2 of ASHRAE Standard 62.1-1999 requires that the HVAC system must
provide the requisite amount of ventilation to each space whenever it isoccupied. Interpretation IC
62-1898-21, issued by ASHRAE SSPC 62.1 on June 26, 1995, provides specific guidance on the
proper use of Equation 6-1, the Multiple Spaces Equation, with variable air volume systems (refer
to Appendix D). Section 6.3.2.1 of ANSI/ASHRAE/IESNA Standard 90.1-1999 contains a blanket
prohibition ontheuse of reheat. Reheat isonly permitted under limited exceptionsto Section 6.3.2.1.

Comment: The convergence of the above requirements have maor implicationsfor the application
of the Ventilation Rate Procedure required by LEED™ when employing VAV systems which are
known to be poor indoor air quality systems. All of the VAV air handling systemsat Northland Pines
violated these criteria at the time of design. These violations were brought to the attention of the
system designers who refused to correct most of them prior to construction. They also constituted
violations of the local building Code and were brought to the attention of the reviewing authority.
Curiously, the reviewing Code authority required partial modificationsto only 3 of 7 VAV systems
on the project. Corrections required by the reviewing Code authority were only sufficient to bring
the systems into compliance with Comm 64 for ventilation, and partial compliance with Comm 63
for reheat limitations leaving virtually al ANSI/ASHRAE Standard 62.1-1999 and
ANSI/ASHRAE/IESNA Standard 90.1-1999 violations intact

V. SUMMARY

Further documents in support of this appeal arein the Appendices. They include the Appendix 11,
the current USGBC Appeal procedures, Appendix 12, the USGBC website posting of the credit
summary for thebuilding, Appendices 13to 15, the HV AC schedul e drawings, A ppendix 16, aphoto
of the air cooled chiller, Appendix 17, a photo of the pump flow setting indicating that pump
impellerswere not trimmed, and A ppendix 18, showing the storage and use of toxic ethyleneglycal.
Electronic copies of al documents are included on a CD that accompanies the appeal. Further
documentation is available upon request, such as plans, specifications, shop drawings, photos, and
recordings of School Board meetings.

V1. CONCLUSIONS

Therefore, to areasonable degree of engineering and scientific certainty, the Northland Pines High
School does not comply with many of the minimum requirements of either ANSI/ASHRAE/IESNA
Standard 90.1-1999 or ANSI/ASHRAE Standard 62.1-1999. Failure to comply with even one
requirement of either standard is sufficient to demonstrate non-compliance with the mandatory
LEED™ prerequisites. Therefore, Gold Certification for this building must be revoked and the
plague removed.

The design team and the Owner knew before construction began that there were multiple
requirementsin the prerequisitesthat were not met. Y et, they not only failed to make corrections, but
they also certified that the building complies, when they knew or should have known it does not.
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Appendix1

AIR HANDLING SYSTEM COMPLIANCE SUMMARY

AS DESIGNED Vs. COMPLIANT DESIGN COMPARISON

MIN OUTDOOR AIR AT DESIGN CONDITIONS

UNIT AS DESIGNED @ 62.1 COMPLIACE
MAX FLOW | MIN FLOW MIN OA MIN % OA | MIN FLOW LIMIT
HRAC-1 18000 13415 6160 100% 6160
HRAC-2 22000 18085 8400 100% 8400
HRAC-3 17000 14870 8600 100% 8600
HRAC-4 20000 17935 9605 100% 9605
AC-2 12500 10400 5420 100% 5420
AC-6 7000 4775 1960 100% 1960
AC-7 11500 8420 3925 100% 3925
AS INSTALLED Vs. COMPLIANT DESIGN COMPARISON
SYSTEM MINIMUM PERCENT OUTDOOR AIR
62.1 COMPLIACE
HEATING = COOLING
FAIL = FAIL
FAIL - FAIL
FAIL = FAIL
FAIL - FAIL
FAIL = FAIL
FAIL - FAIL
FAIL = FAIL
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62.1-1999 AHU VENTILATION RATE VALIDATION COMPUTATIONS

AIR HANDLING UNIT

DESIGN TOTAL AIR

DESIGN MINIMUM AIR

SYSTEM THERMAL DIVERSITY

DESIGN MINIMUM OUTSIDE AIR

OUTDOOR AIR FRACTION, COOLING DESIGN
OUTDOOR AIR FRACTION, HEATING DESIGN

HRAC-1
18000
13415

87%
3800
21%
28%

STD 62.1
COMPLIANT
STANDARD 62.1-1999 OUTDOOR AIR FRACTION COMPLIANCE COMPUTATIONS COOLING HEATING

FAIL FAIL

REQUIRED OA FRACTION =Y (=X /(1 + X - Zc)) 100% 100%
X= 0.17 18000 6970
Zc = Outdoor Air Fraction For Critical Space 1.00 1.00 1.00
VAV ROOM AREA | PEOPLE 62.1-1999 MAX | CFM/SF | MINIMUM AIR FLOWS (CFM) 90.1-1999, SECTION

BOX NAME MIN OA Zi FLOW 90.1-1999| DESIGN 6.3.2.1 COMPLIANCE

No. SF CFEM CFM LIMIT | AT BID AS BID | AS BALANCED
V-1 CLASSROOM 720 31 233 0.78 1000 1.39 300 680 FAIL FAIL
V-2 CLASSROOM 728 50 375 1.00 1000 1.37 375 680 FAIL FAIL
V-3 TPC 329 3 23 0.17 450 1.37 135 300 FAIL PASS
V-4 CLASSROOM 724 34 255 0.85 1000 1.38 300 665 FAIL FAIL
V-5 CORRIDOR 1971 0 0 0.00 1250 [ 0.63 789 625 PASS PASS
V-6 2-D ART 1498 51 383 0.64 1800 1.20 599 1200 FAIL FAIL
V-7 3-D ART 1580 62 465 0.74 1800 1.14 632 1290 FAIL FAIL
V-8 OFFICE 456 8 60 0.24 840 1.84 252 575 FAIL FAIL
V-9 DRAFTING 1408 25 188 0.32 1950 1.38 585 1300 FAIL FAIL
V-10 BUS CLASSROOM 1154 45 338 0.63 1800 1.56 540 1030 FAIL FAIL
V-11 TECH LAB 1419 30 225 0.34 2200 1.55 660 1490 FAIL FAIL
V-12 BUS LAB 1380 25 188 0.25 2500 1.81 750 1280 FAIL FAIL
V-13 OFFICE 367 3 23 0.15 450 1.23 147 375 FAIL FAIL
V-14 RECORDS 231 1 8 0.08 330 1.43 99 220 FAIL FAIL
V-15 CONFERENCE 178 12 90 1.00 280 1.57 90 200 FAIL FAIL
V-16 GUIDANCE OFFICE 160 2 15 0.21 240 1.50 72 200 FAIL FAIL
V-17 GUIDANCE OFFICE 160 2 15 0.21 240 1.50 72 200 FAIL FAIL
V-18 [ GUIDANCE CENTER 953 7 53 0.14 980 1.03 381 655 FAIL FAIL
V-19 ITIN OFFICE 160 2 15 0.21 240 1.50 72 200 FAIL FAIL
V-20 ITIN OFFICE 135 2 15 0.25 200 1.48 60 130 FAIL FAIL
V-21 ITIN OFFICE 132 2 15 0.25 200 1.52 60 120 FAIL FAIL
SUBTOTALS 15843 397 2978 20750 1.84




62.1-1999 AHU VENTILATION RATE VALIDATION COMPUTATIONS
AIR HANDLING UNIT HRAC-2
DESIGN TOTAL AIR 22000
DESIGN MINIMUM AIR 18085
SYSTEM THERMAL DIVERSITY 79%
DESIGN MINIMUM OUTSIDE AIR 4530
OUTDOOR AIR FRACTION, COOLING DESIGN 21%
OUTDOOR AIR FRACTION, HEATING DESIGN 25%

STD 62.1
COMPLIANT
STANDARD 62.1-1999 OUTDOOR AIR FRACTION COMPLIANCE COMPUTATIONS COOLING | HEATING
FAIL FAIL
REQUIRED OA FRACTION =Y (= X/ (1 + X - Zc))
X=
Zc = Outdoor Air Fraction For Critical Space
VAV ROOM AREA | PEOPLE MAX CFM/SF [ MINIMUM AIR FLOWS (CFM)
BOX NAME FLOW
No. SF CFM AT BID AS BALANCED
]
V-22 _|OFFICE 185 2 260 1.41 FAIL FAIL
Vv-23 _|[copY 198 2 300 1.52 FAIL FAIL
v-24 _|OTPT 274 13 400 1.46 FAIL
V-25 |CD CLASSROOM 1083 48 1000 0.92
V-26  |PREP 302 3 430 1.42 FAIL FAIL
V-27 _|CHEMISTRY 1489 53 2200 1.48 FAIL FAIL
V-28  |PHYSICAL SCIENCE 1564 59 2200 1.41 FAIL FAIL
V-29 |PREP 159 2 225 1.42 FAIL FAIL
V-30 |HEAD HOUSE 317 2 490 1.55 FAIL FAIL
V-31 _[IND STUDY 609 15 870 1.43 FAIL FAIL
V-32 _ |BIOLOGY 1417 59 2200 1.55
V-33 |[CORRIDOR 3574 0 1000 0.28
V-34 |DISTANCE LEARNING| 667 32 1300 1.95 | 690 |
V-35  [MED STUDIO 537 25 800 1.49 FAIL FAIL
V-36 |HEAD END 432 2 800 1.85 FAIL FAIL
V-37 _|COMPUTER CLASSRd 1000 27 1800 1.80 FAIL FAIL
V-38 _|PREP 255 2 380 1.49 FAIL FAIL
V-39 |WORK ROOM 708 8 1000 1.41 FAIL FAIL
V-40 |STORAGE 345 0 500 1.45 FAIL FAIL
V-41 _|OFFICE 204 2 300 1.47 FAIL FAIL
V-42 [IMC 1513 17 2600 1.72 FAIL FAIL
V-43  |LIFE SCIENCE 1517 54 2200 1.45 FAIL FAIL
V-44 _[IMC 1513 17 2600 1.72 FAIL FAIL
V-45  |STAFF 499 5 725 1.45 FAIL FAIL
V-46 _|WEB ROOM 365 15 700 1.92 FAIL FAIL
V-47 |CONFERENCE 195 12 300 1.54 FAIL FAIL
V-48 |CONFERENCE 195 12 300 1.54 FAIL FAIL
SUBTOTALS 21116 487 2794 27880 1.95




62.1-1999 AHU VENTILATION RATE VALIDATION COMPUTATIONS
AIR HANDLING UNIT HRAC-3
DESIGN TOTAL AIR 17000
DESIGN MINIMUM AIR 14870
SYSTEM THERMAL DIVERSITY 84%
DESIGN MINIMUM OUTSIDE AIR 4900
OUTDOOR AIR FRACTION, COOLING DESIGN 29%
OUTDOOR AIR FRACTION, HEATING DESIGN 33%

STD 62.1
COMPLIANT
STANDARD 62.1-1999 OUTDOOR AIR FRACTION COMPLIANCE COMPUTATIONS COOLING HEATING

FAIL FAIL

REQUIRED OA FRACTION =Y (= X/ (1 + X - Zc)) 60% 100%
X= 0.25 17000 7097
Zc = Outdoor Air Fraction For Critical Space 0.83 0.83 0.83
VAV ROOM AREA PEOPLE 62.1-1999 MAX | CFM/SF MINIMUM AIR FLOWS (CFM) 90.1-1999, SECTION

BOX NAME MIN OA Zi FLOW 90.1-1999 | DESIGN 6.3.2.1 COMPLIANCE

No. SF CFM CFM LIMIT AT BID AS BID AS BALANCED
V-91 MATH 789 44 330 0.81 1350 1.71 405 1000 FAIL FAIL
V-92 MATH 686 42 315 0.78 1350 1.97 405 1000 FAIL FAIL
V-93 MATH 747 41 308 0.76 1350 1.81 405 1000 FAIL FAIL
V-94 |MATH 935 42 315 0.78 1350 1.44 405 1000 FAIL FAIL
V-95 |MATH 728 42 315 0.78 1350 1.85 405 1000 FAIL FAIL
V-96 |CORRIDOR 3704 0 0 0.00 1600 0.43 1481 1200 PASS PASS
V-97 STAFF WORKROOM 337 3 23 0.17 450 1.34 135 300 FAIL FAIL
V-98 |FOREIGN LANGUAGH 984 44 330 0.81 1350 1.37 405 1000 FAIL FAIL
V-99 FOREIGN LANGUAGH| 918 42 315 0.78 1350 1.47 405 1000 FAIL FAIL
V-100 [FOREIGN LANGUAGH| 935 42 315 0.78 1350 1.44 405 1000 FAIL FAIL
V-101 [FOREIGN LANGUAGH| 918 41 308 0.76 1350 1.47 405 1000 FAIL FAIL
V-102 [FOREIGN LANGUAGH| 902 42 315 0.78 1350 1.50 405 1000 FAIL FAIL
V-103 [MATH 789 44 330 0.81 1350 1.71 405 1000 FAIL FAIL
V-104 [L.D.CLASSROOM 765 34 255 0.83 1000 1.31 306 700 FAIL FAIL
V-105 |OFFICE 132 2 15 0.23 220 1.67 66 150 FAIL FAIL
V-106 [L.D.CLASROOM 748 33 248 0.83 1000 1.34 300 700 FAIL FAIL
V-107 |OFFICE 112 2 15 0.28 180 1.61 54 120 FAIL FAIL
V-108 [AT RISK 731 31 233 0.78 1000 1.37 300 700 FAIL FAIL
SUBTOTALS 15860 571 4283 20300 1.97




62.1-1999 AHU VENTILATION RATE VALIDATION COMPUTATIONS
AIR HANDLING UNIT HRAC-4
DESIGN TOTAL AIR 20000
DESIGN MINIMUM AIR 17935
SYSTEM THERMAL DIVERSITY 80%
DESIGN MINIMUM OUTSIDE AIR 3800
OUTDOOR AIR FRACTION, COOLING DESIGN 19%
OUTDOOR AIR FRACTION, HEATING DESIGN 21%

STD 62.1
COMPLIANT
STANDARD 62.1-1999 OUTDOOR AIR FRACTION COMPLIANCE COMPUTATIONS COOLING HEATING

FAIL FAIL

REQUIRED OA FRACTION =Y (= X/ (1 + X - Zc)) 56% 100%
X= 0.24 20000 9395

Zc = Outdoor Air Fraction For Critical Space 0.81 0.81 0.81
VAV ROOM AREA PEOPLE 62.1-1999 MAX | CFM/SF MINIMUM AIR FLOWS (CFM) 90.1-1999, SECTION
BOX NAME MIN OA Zi FLOW 90.1-1999 | DESIGN 6.3.2.1 COMPLIANCE

No. SF CFM CFM LIMIT AT BID AS BID AS BALANCED
V-109 [SOCIAL STUDIES 980 44 330 0.81 1350 1.38 405 1000 FAIL PASS
V-110 [SOCIAL STUDIES 942 42 315 0.78 1350 1.43 405 1000 FAIL PASS
V-111 [SOCIAL STUDIES 942 41 308 0.76 1350 1.43 405 1000 FAIL PASS
V-112 [SOCIAL STUDIES 942 42 315 0.78 1350 1.43 405 1000 FAIL PASS
V-113 [SOCIAL STUDIES 926 42 315 0.78 1350 1.46 405 1000 FAIL PASS
V-114 [SOCIAL STUDIES 982 44 330 0.81 1350 1.37 405 1000 FAIL PASS
V-115 |CORRIDOR 4838 0 0 0.00 1300 0.27 1935 1000 PASS PASS
V-116 [ENGLISH 980 44 330 0.81 1350 1.38 405 1000 FAIL PASS
V-117 [ENGLISH 918 42 315 0.78 1350 1.47 405 1000 FAIL PASS
V-118 |[WRITING LAB 942 29 218 0.54 1350 1.43 405 1000 FAIL PASS
V-119 [ENGLISH 927 41 308 0.76 1350 1.46 405 1000 FAIL PASS
V-120 [ENGLISH 901 42 315 0.78 1350 1.50 405 1000 FAIL PASS
V-121 [ENGLISH 981 44 330 0.81 1350 1.38 405 1000 FAIL PASS
V-122 [EBBD CLASSROOM 988 38 285 0.72 1150 1.16 395 765 FAIL PASS
V-123 [FOOD LABS 1845 25 188 0.25 2500 1.36 750 1700 FAIL PASS
V-124 |OFFICE 177 2 15 0.17 300 1.69 90 250 FAIL PASS
V-125 [EBBD CLASSROOM 447 38 285 0.81 1180 2.64 354 785 FAIL PASS
V-126 |OFFICE 130 2 15 0.17 290 2.23 87 150 FAIL PASS
V-127 |FAMILY LIVING 1028 37 278 0.66 1400 1.36 420 940 FAIL PASS
V-128 |CORRIDOR 1260 0 0 0.00 690 0.55 504 345 PASS PASS
SUBTOTALS 22076 639 4793 25010 2.64




62.1-1999 AHU VENTILATION RATE VALIDATION COMPUTATIONS

AIR HANDLING UNIT
DESIGN TOTAL AIR
DESIGN MINIMUM AIR
SYSTEM THERMAL DIVERSITY

DESIGN MINIMUM OUTSIDE AIR

OUTDOOR AIR FRACTION, COOLING DESIGN
OUTDOOR AIR FRACTION, HEATING DESIGN

AC-2
12500
10400

81%

2690

22%
26%

STD 62.1
COMPLIANT
STANDARD 62.1-1999 OUTDOOR AIR FRACTION COMPLIANCE COMPUTATIONS COOLING HEATING

FAIL FAIL

REQUIRED OA FRACTION =Y (= X/ (1 + X - Zc)) 62% 100%
X= 0.22 12500 4760

Zc = Outdoor Air Fraction For Critical Space 0.87 0.87 0.87
VAV ROOM AREA PEOPLE 62.1-1999 MAX | CFM/SF MINIMUM AIR FLOWS (CFM) 90.1-1999, SECTION
BOX NAME MIN OA Zi FLOW 90.1-1999 | DESIGN 6.3.2.1 COMPLIANCE

No. SF CFM CFM LIMIT AT BID AS BID AS BALANCED

V-71 INST STORAGE 754 2 15 0.05 850 1.13 302 600 FAIL PASS
V-72 PRACTICE 386 15 113 0.73 424 1.10 154 370 FAIL PASS
V-73  |OFFICE 192 2 15 0.17 300 1.56 90 200 FAIL PASS
V-74  |PRACTICE 320 8 60 0.47 420 1.31 128 240 FAIL PASS
V-75 BAND 1304 63 469 0.76 2050 1.57 615 1370 FAIL PASS
V-76 BAND 1304 63 469 0.76 2050 1.57 615 1370 FAIL PASS
V-77 UNIFORM 310 1 8 0.05 500 1.61 150 330 FAIL PASS
V-78 MUSIC STORAGE 164 0 0 0.00 150 0.92 65 150 FAIL PASS
V-79 |OFFICE 173 2 15 0.20 250 1.45 75 170 FAIL PASS
V-80 |VOCAL 1744 86 645 0.80 2700 1.55 810 1800 FAIL PASS

V-81 ROBES 172 1 8 0.11 150 0.87 69 170 FAIL FAIL
V-82 PRACTICE 312 12 90 0.72 340 1.09 125 190 FAIL PASS
V-83 PRACTICE 240 6 45 0.47 315 1.31 96 180 FAIL PASS
V-84 |SCENE SHOP 1107 22 165 0.31 1780 1.61 534 1180 FAIL PASS
V-85 DRAMA 968 45 338 0.73 1540 1.59 462 1020 FAIL PASS
V-86 PIANO STORAGE 132 0 0 0.00 150 1.14 53 140 FAIL PASS

V-87 |COSTUME 278 1 8 0.06 430 1.55 129 290 FAIL FAIL

V-88 MAKE-UP 341 18 135 0.87 520 1.52 156 340 FAIL FAIL
V-89 DRESS 170 8 60 0.80 250 1.47 75 120 FAIL PASS
V-90 |DRESS 131 6 45 0.79 190 1.45 57 170 FAIL PASS

SUBTOTALS 10501 360 2700 15359 1.61




62.1-1999 AHU VENTILATION RATE VALIDATION COMPUTATIONS

AIR HANDLING UNIT AC-6
DESIGN TOTAL AR 7000
DESIGN MINIMUM AIR 4775
SYSTEM THERMAL DIVERSITY 97%
DESIGN MINIMUM OUTSIDE AIR 700
OUTDOOR AIR FRACTION, COOLING DESIGN 10%
OUTDOOR AIR FRACTION, HEATING DESIGN

STD 62.1
COMPLIANT
STANDARD 62.1-1999 OUTDOOR AIR FRACTION COMPLIANCE COMPUTATIONS COOLING HEATING
FAIL FAIL
REQUIRED OA FRACTION = Y (= X/ (1 + X - Zc))
X=
Zc = Outdoor Air Fraction For Critical Space
VAV ROOM AREA | PEOPLE MAX | CFM/SF]  MINIMUM AIR FLOWS (CFM)
BOX NAME
No. SF AT BID AS BALANCED
]
V-49  [LIAISON 138 2 FAIL FAIL
V-50 |AODA 132 2 FAIL FAIL
V-51 _|ARCHIVES 114 1 FAIL FAIL
V-52_ |BREAK 194 12 FAIL FAIL
V-53 |CONFERENCE 194 13 FAIL FAIL
V-54  |PRINCIPAL 222 3 FAIL FAIL
V-55 |DEAN 211 2 FAIL FAIL
V56 [ISS 64 2 FAIL FAIL
V-57 |[NURSE 188 2 FAIL FAIL
V-58 |RECEPTION 578 6 FAIL FAIL
V-59 |[WORK ROOM 447 4 FAIL FAIL
V-60  |[MAIL 120 1 | 90 | FAIL FAIL
V-61 |RECEPTION 775 4 FAIL FAIL
V-62 |OFFICE 170 2 FAIL FAIL
V-63  |OFFICE 170 2 FAIL FAIL
V-64 _|DIST ADMIN 259 3 FAIL FAIL
V-65 |CONFERENCE 288 19 FAIL FAIL
V-66 |BREAK 158 10 FAIL FAIL
V-67 |OFFICE 202 2 FAIL FAIL
V-68 |RECORDS 515 2 FAIL FAIL
V-69 |OFFICE 170 2 FAIL FAIL
V-70 |OFFICE 181 2 FAIL FAIL
SUBTOTALS 5490 98 735 7210 | 2.34




62.1-1999 AHU VENTILATION RATE VALIDATION COMPUTATIONS

AIR HANDLING UNIT

DESIGN TOTAL AIR

DESIGN MINIMUM AIR

SYSTEM THERMAL DIVERSITY

DESIGN MINIMUM OUTSIDE AIR

OUTDOOR AIR FRACTION, COOLING DESIGN
OUTDOOR AIR FRACTION, HEATING DESIGN

AC-7
11500
8420
91%
2325
20%
28%

STD 62.1
COMPLIANT
STANDARD 62.1-1999 OUTDOOR AIR FRACTION COMPLIANCE COMPUTATIONS COOLING HEATING
FAIL FAIL
REQUIRED OA FRACTION =Y (= X/ (1 + X - Zc))
X=
Zc = Outdoor Air Fraction Fo