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Current copies of the following documents are hereby made part of this Solicitation for 
A/E Services by reference.  These documents are available on the DFCM web site at 
http://dfcm.utah.gov or are available upon request from DFCM. 
 

DFCM Design Manual dated May 25, 2005 
 

DFCM General Conditions dated May 25, 2005 
 
GRAMA Protected Information Form 

 
Weber State University Design Standards 
http://departments.weber.edu/facilities/docs/2004_08_a_e_guide_revision.pdf  

 
   Weber State University Humanities Building & Chiller Study program document: 

• AJC Architects Humanities Building Program dated October 2005 
• WHW Engineering Inc. Central Chilled Water Plant & Distribution Study 

dated October 20005 
• GSH Geotechnical Consultants Soils Investigative Report dated October 2005 
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NOTICE TO ARCHITECTS / ENGINEERS 
 
 
The State of Utah - Division of Facilities Construction and Management (DFCM) is soliciting the services 
of qualified firms/individuals to perform design services for the following project: 
 
NEW CLASSROOM BUILDING AND CENTRAL CHILLED WATER PLANT 
WEBER STATE UNIVERSITY - OGDEN, UTAH 
DFCM PROJECT NO. 05027810   
 
This project will involve the demolition of Buildings #1 and #2 to make way for a new Classroom 
Building.  The size of the new building is 87,500 gross square feet (GSF) and will consist primarily of 
classrooms, computer labs, teaching spaces, and administration spaces.  The second element of this project 
involves a new central chilled water plant utilizing a combination of two (2) new chillers and 
reusing/relocating two (2) existing chillers adjacent to the existing cooling tower facility which is 
immediately northeast of Stewart Stadium.  Currently, two options have been identified for the new chiller 
plant. The design will need to conform to IBC 2006 which is anticipated to be adopted by the State in 
January 2007.  The Fixed Limit of Construction Cost (FLCC) for this project is $21,022,500 in today’s 
dollars. 
 
The selection shall be under the Value Based Selection method.  The Solicitation for A/E Services 
documents, including the submittal requirements and the selection criteria and schedule, will be available 
beginning on Monday, March 27, 2006 from DFCM, 4110 State Office Building, Salt Lake City, Utah 
84114 and on the DFCM web site at http://dfcm.utah.gov.  For questions regarding this solicitation, please 
contact Bill Bowen, DFCM, at (801) 538-3271.  No others are to be contacted regarding this solicitation. 
 
A MANDATORY pre-submittal meeting will be held at 10:00 AM on Friday, April 7, 2006 at the DFCM, 
4110 State Office Bldg., Salt Lake City, UT 84114.  All design firms wishing to submit on this project must 
attend this meeting. 
 
Submittal dates for the required references, management plans, statements of qualifications, and interviews 
will be based on the Project Schedule included in the Solicitation for A/E Services. 
 
The Division of Facilities Construction & Management reserves the right to reject any or all submittals or 
to waive any formality or technicality in any submittal in the interest of the State. 
 
DIVISION OF FACILITIES CONSTRUCTION AND MANAGEMENT 
MARLA WORKMAN, CONTRACT COORDINATOR 
4110 State Office Bldg., Salt Lake City, Utah 84114 
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PROJECT DESCRIPTION 
 
For complete project information, refer to the WSU Classroom Building & Chiller Plant Program, 
which includes the following documentation: 
• AJC Architects Humanities Building Program dated October 2005 
• WHW Engineering Inc. Central Chilled Water Plant & Distribution Study dated October 20005 
• GSH Geotechnical Consultants Soils Investigative Report dated October 2005 
 
New Classroom Building 
This project will involve the demolition of Buildings #1 and #2 to make way for a new Classroom 
Building. The size of the new building is 87,500 gross square feet (GSF) and will consist primarily of 
classrooms, computer labs, teaching spaces, and administration spaces. The project is currently 
programmed at 31,137 GSF for administration spaces and 54,562 GSF for classrooms/computer labs. 
 
New Central Chilled Water Plant 
The second element of this project involves a new central chilled water plant utilizing a combination of two 
(2) new chillers and reusing/relocating two (2) existing chillers adjacent to the existing cooling tower 
facility which is immediately northeast of Stewart Stadium. Currently, two options have been identified for 
the new chiller plant. 
 
Project Schedule 
The overall proposed Project Schedule is as follows but is subject to change depending on availability of 
project funds. 
 

• Design      May – December 2006 
• Design Complete     December 2006 
• Stamped/Approved Construction Documents  January 2007 
• Start of Construction     March/April 2007 
• Substantial Completion    July 2008 
• Occupancy      August 2008 

 
Design Services 
The design will need to conform to IBC 2006 which is anticipated to be adopted by the State in 
January 2007. Basic Design Services should include the following: 
 
• Program Verification • Civil/ Landscape • Vertical Transport 
• Architectural • Acoustic • Coordination of all official reviews 
• Structural • Communications 
• Mechanical • Interiors/ Signage 
• Electrical • FF&E 

• Other services deemed necessary to comply 
with the requirements the Project Program 
documents 

 
Project Funding 
Currently, the project has been funded for complete Design/CA Services and CM/GC Pre-construction 
Services. The project budget (FLCC) is advertised in today’s dollars. However, recognizing that labor and 
material inflation and escalation have been creating a significant impact to project budgets, the State has 
accounted for a 9% inflation and escalation factor over the life of the project within this budget. It will be 
the contractual responsibility of all parties to work toward establishing a final GMP within this window and 
as close to the FLCC as possible. Thus, all fees should be established by the FLCC and will not be 
increased without a corresponding increase in scope from the original program documents. 
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PROCUREMENT PROCESS 

 
 
The State of Utah intends to enter into an agreement with a firm to provide professional services 
as described. 
 
The selection of the firm will be made using a Value Based Selection (VBS) system.  The Project 
Schedule lists the important events, dates, times and locations of meetings and submittals.  The 
terms of the project schedule are hereby incorporated by reference and must be met by the selected 
firm. 
 
 
1. Solicitation for A/E Documents 
 
The Solicitation for A/E Services documents consist of all of the documents listed in the Table of 
Contents and all said documents are incorporated in this solicitation by reference.  The solicitation 
will be available at DFCM per the attached schedule and on the DFCM web site at 
http://dfcm.utah.gov.  
 
 
2. Contact Information  
 
Except as authorized by the DFCM Representative or as otherwise stated in the solicitation or the 
pre-submittal meeting, communication during the selection process shall be directed to the 
specified DFCM Representative.  In order to maintain the fair and equitable treatment of everyone, 
A/Es shall not unduly contact or offer gifts or gratuities to DFCM, any Board officer, employee or 
agent of the State of Utah, users or selection committee members in an effort to influence the 
selection process or in a manner that gives the appearance of influencing the selection process.  
This prohibition applies before the solicitation is issued, as the project is developed, and extends 
through the award of an agreement.  Failure to comply with this requirement may result in a 
disqualification in the selection process.  A/Es should be aware that selection committee members 
will be required to certify that they have not been contacted by any of the A/Es in an attempt to 
influence the selection process. 
 
 
3. Requests for Information 
 
All requests for information regarding this project shall be in writing and directed to: 
 
Bill Bowen, Program Director 
Division of Facilities Construction and Management 
4110 State Office Building 
Salt Lake City, Utah 84114 
E-mail:  billbowen@utah.gov  
Facsimile: (801) 538-3267 
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Procurement Process 
Page No. 2 
 
 
4. Project Schedule. 
 
The Project Schedule lists the important events, dates, times, and locations of meetings and 
submittals that must be met by the A/E.  
 
 
5. Mandatory Pre-Submittal  Meeting  
 
A mandatory pre-submittal meeting will be held on the date and time and at the location listed on 
the Project Schedule.   
 
A representative from each interested prime firm is required to attend.  During the meeting, a 
presentation will be made to describe the overall scope of work and intended schedule.  Interested 
firms may ask questions and request clarification about the project and the procurement process.  
 
Subconsultants are invited to attend this meeting but it is not mandatory for them.  
 
THE PRIME FIRMS ABSENCE FROM THE PRE-SUBMITTAL MEETING AND/OR 
FAILURE TO REGISTER PRECLUDES PARTICIPATION AS A SUBMITTING FIRM 
ON THIS PROJECT. 
 
 
6. Submittal Due Dates and Times 
 
All required submittals must be delivered to, and be received by, the Division of Facilities 
Construction and Management previous to the date and time indicated in the Project Schedule.  
Submittals received after the specified time will not be accepted.  Please allow adequate time for 
delivery.  If using a courier service, the submitting firm is responsible for ensuring that delivery 
will be made directly to the required location.  It is your responsibility to allow for the time needed 
to park on Capitol Hill as recent construction activity has made the parking more difficult.  
Identification is required to enter the building. 
 
 
7. Last Day to Submit Questions 
 
All questions must be received at the office of DFCM no later than the time and dated listed in the 
Project Schedule.  Questions must be submitted in writing to Bill Bowen at DFCM. 
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Procurement Process 
Page No. 3 
 
 
8. Addendum 
 
All references to questions and requests for clarification will be in writing and issued as addenda 
to the Solicitation for A/E Services.  Addenda will be provided to every entity that has registered 
for receiving documents.  The addenda or notice of the Addendum will be posted on DFCM’s web 
site. 
 
Any addenda issued prior to the submittal deadline shall become part of the Solicitation for A/E 
Services and any information required shall be included in your submittal. 
 
 
9. Past Performance and References 
 
As a A/E completes each DFCM project, DFCM, the contractors and the using agency or 
institution will evaluate the A/E.  It is the intent of DFCM that this process will be the major 
source for evaluating past performance.  
 
A/Es shall submit past performance and reference information by the time indicated on the Project 
Schedule. 
 
For all DFCM projects completed in the last 5 years identify the project by name, number and 
DFCM project manager.  Each A/E wishing to compete for this project that has not completed at 
least three DFCM projects in the last 5 years, will be required to provide one copy of a list of 
references on additional similar projects for a total of 3 projects.   
 
For non-DFCM projects provide the following information: 
 
Point of Contact:  Person who will be able to answer any customer satisfaction questions. 
Phone Number:  Phone number of the contact we will be surveying. 
User Name:   Name of Company / Institution that purchased the construction work. 
Project Name:   Name of the project. 
Date Completed:  Date of when the work was completed. 
Address:   Street, city and state where the work was performed. 
Size:    Size of project in dollars. 
Duration:   Duration of the project / construction in months. 
Type:    Type of the project (i.e.: School, Offices, Warehouse, etc) 
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Procurement Process 
Page No. 4 
 
 
10. Management Plan  
 
Firms will be required to develop and submit a plan demonstrating how they will manage their 
responsibilities, identifying risks, and how risks will be mitigated.  An organization chart showing 
the roles and responsibilities of all pertinent decision-makers is a required part of the presentation.   
 
Address project specific criteria, risks that have been identified by the Solicitation for A/E 
Services and additional risks that the team has identified.  State how those risks will be mitigated. 
 
As part of the Management Plan include your proposed project schedule.  Indicate critical dates 
and other information in sufficient detail for the selection committee to determine if the time 
frames are reasonable. 
 
The Management Plan should be concise yet contain sufficient information for evaluation by the 
selection committee. 
 
The submitting firm shall provide seven (7) copies and one (1) electronic in .pdf format of the 
Management Plan by the time indicated on the Project Schedule.   
 
 
11. Statements of Qualifications 
 
The submitting firm shall provide seven (7) copies and one (1) electronic in .pdf format of the 
Statements of Qualifications by the time indicated on the Project Schedule. 
 
The Statement of Qualifications is a short document that indicates the experience and 
qualifications of the firm, the project manager and other critical members of the team.  It describes 
what talents their team brings to the project, how their knowledge of the subject will provide 
benefit to the process, how the team has been successful in the past and how that relates to this 
project.  It should include information on similar projects that have been completed by the firm, 
project manager and other team members.  Include the experience and special qualifications that 
are applicable to this project and/or are part of the project specific selection criteria. 
 
 
12. Selection Committee  

 
The Selection Committee may be composed of individuals from the Utah State Building Board, 
DFCM, the User Agency / Institution, representatives from the design and construction 
disciplines, and others deemed appropriate by the DFCM. 
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Procurement Process 
Page No. 5 
 
 
13. Termination or Debarment Certifications 
 
The firm must submit a certification that neither it nor its principals are presently debarred, 
suspended, proposed for debarment, declared ineligible, or voluntarily excluded from soliciting 
work by any governmental department or agency.  The firm must also certify that neither the firm 
nor its principals have been terminated during the performance of a contract or withdrew from a 
contract to avoid termination.  If the firm cannot certify these two statements the firm shall submit 
a written explanation of the circumstances for review by DFCM.  Firms are encouraged to submit 
these certifications with their Statement of Qualifications but they may be submitted up until the 
time the selection is completed. 
 
 
14. Interviews 
 
Interviews will be conducted with all firms who have met all of the requirements except as 
follows.  If more than six firms are eligible for interviews, DFCM may convene the selection 
committee to develop a short list of firms to be invited to interviews.  This evaluation will be made 
using the selection criteria noted below base on the information provided by the past 
performance/references, performance plan and statement of qualifications. 
 
The purpose of the interview is to allow the firm to present its qualifications, past performance, 
management plan, schedule and general plan for accomplishing the project.  It will also provide an 
opportunity for the selection committee to seek clarifications from the firm. 
 
The proposed primary project management personnel, including the project manager, should be in 
attendance.  The project manager is the firm’s representative who has overall job authority, will be 
in attendance at all job meetings, and is authorized by the firm to negotiate and sign any and all 
change orders in the field, if necessary.  Unless otherwise noted, the attendance of subconsultants 
is at the discretion of the firm. 
 
The method of presentation is at the discretion of the firm.  The interviews will be held on the date 
and at the place specified in the Project Schedule. 
 
 
15. Selection Criteria for VBS Professional Services 
 
The following criteria will be used in ranking each of the teams.  The team that is ranked the 
highest will represent the best value for the state.  The criteria are not listed in any priority order.  
The selection committee will consider all criteria in performing a comprehensive evaluation of the 
proposal.  Weights have been assigned to each criteria in the form of points. 
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Procurement Process 
Page No. 6 
 
 

A. DFCM Past Performance Rating.  25 Points.  Each prime firm will be given a past 
performance rating.  The rating will be based first on how well the firm did on past 
projects with DFCM.  If a minimum of three DFCM past performance ratings are 
not available a rating will be established using any DFCM past performance ratings 
that are available, supplemented by references supplied by the firm at the time the 
Management Plans and SOQ are submitted. 

 
B. Strength of  Team.  25 Points  Based on the statements of qualifications, the 

interview, and management plan, the selection team shall evaluate the expertise and 
experience of the team and the project lead as it relates to this project in size, 
complexity, quality, duration, etc.  Consideration will also be given to the strength 
brought to the team by critical consultants including how they were selected and 
the success the team has had in the past in similar projects. 

 
C. Project Management Approach.  25 Points   Based on the information provided in 

the statements of qualifications, the management plan and information presented in 
the interview the selection team shall evaluate how each team has planned to 
approach the project.  The selection team will also evaluate the degree to which 
risks to the success of the project have been identified and a reasonable solution has 
been presented.  

 
D. Schedule.  25 Points   The A/E’s schedule will be evaluated as to how well it meets 

the objectives of the project.  Unless other objectives are stated the shorter the 
duration that is evaluated to be feasible while achieving an appropriate design is 
preferred.  The A/E shall discuss during the interview the project schedule 
identifying major work items with start and stop dates that are realistic and critical 
subconsultants and if they have reviewed and agree to the schedule.  The 
completion dates shown on the schedule will be used in the contract.  

 
 
TOTAL POSSIBLE POINTS:  100 POINTS 
 
 
16. Fee Negotiation 
 
Following selection of a design firm by the Selection Committee and prior to the award of the 
design agreement, DFCM will negotiate the final agreement fee with the selected firm.  Should the 
DFCM be unable to agree to a satisfactory contract with the top ranked firm at a price that DFCM 
determines to be fair and reasonable to the State, discussions with that firm shall be formally 
terminated.  Negotiations will then be undertaken with the second ranked firm.  
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Procurement Process 
Page No. 7 
 

 
This process will be repeated until an agreement is reached or DFCM determines that it is in the 
best interest of the State to initiate a new selection process. 
 
 
17. Form of Agreement 
 
At the conclusion of negotiations, the selected A/E will be required to enter into an agreement 
using the attached form of the Design Agreement between DFCM and Architect/Engineer.  
 
 
18. Licensure 
 
The A/E shall comply with and require its subconsultants to comply with the license laws of the 
State of Utah. 
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PROJECT SCHEDULE 

 
 

PROJECT NAME: NEW CLASSROOM BUILDING & CENTRAL CHILLED WATER PLANT 
 WEBER STATE UNIVERSITY – OGDEN, UTAH 
DFCM PROJECT #: 05027810 

Event Day Date Time Place 
Advertisement Placed Sunday March 26, 2006  Multi-Media 

Solicitation for A/E 
Services Available 

Monday March 27, 2006 12:00 NOON DFCM 
4110 State Office Bldg 
SLC, UT 84114 
and DFCM web site* 

Mandatory Pre-submittal 
Meeting  

Friday April 7, 2006 10:00 AM DFCM 
4110 State Office Bldg 
SLC, UT 84114 

Last Day to Submit 
Questions 

Thursday April 13, 2006 4:00 PM DFCM 
4110 State Office Bldg 
SLC, UT 84114 

Final Addendum Issued  Tuesday April 18, 2006 4:00 PM Posted on DFCM web site * 

Management Plans, 
References, and 
Statements of 
Qualifications 

Tuesday April 25, 2006 12:00 NOON DFCM 
4110 State Office Bldg 
SLC, UT  84114 

Short Listing by Selection 
Committee, if applicable. 

Tuesday May 2, 2006 4:00 PM  

Termination / Debarment 
Certifications Due 

 On or Before 
Date of 

Interview 

NA  

Interviews Monday May 8, 2006 As req’d TBD 
Announcement Tuesday May 9, 2006  Fax & DFCM web site * 

 
 

*   DFCM’s web site address is http://dfcm.utah.gov. 
 

STATE OF UTAH - DEPARTMENT OF ADMINISTRATIVE SERVICES 
 

Division of Facilities Construction and Management 
DFCM
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___/___/____/___/_____/__/_ 
Project No. xxxxxx 

 
 

DESIGN AGREEMENT 
BETWEEN DFCM AND ARCHITECT / ENGINEER 

 
 
This AGREEMENT is made this _______ day of ____________, 20__, between the Division of 
Facilities Construction and Management, hereinafter referred to as "DFCM", and the “A/E”, 
_________________________________ a ______________, duly qualified to conduct business 
in the State of Utah, whose address is _______________________________________________, 
agree to all the provisions of this Agreement for the Project identified as: 
 
______________________________________________ 
______________________________________________ 
______________________________________________ 
 
 

ARTICLE I. 
DOCUMENTS INCORPORATED BY REFERENCE 

 
A. DFCM  GENERAL CONDITIONS. 
 
 1. The DFCM General Conditions (“General Conditions”) which is current as of the 
date of this Agreement and on file with the DFCM is incorporated by reference as if fully set forth 
in this Agreement.  
 
 2. The A/E and DFCM shall be bound by the definitions and terms described in the 
General Conditions. 
 
 3. Unless the context provides otherwise, all definitions and interpretations of 
provisions of this Agreement shall be as stated in the General Conditions.  In case of conflict 
between the provisions of this Agreement and the General Conditions, the provisions of this 
Agreement shall control. 
 
B. SOLICITATION / PROCUREMENT DOCUMENTS AND REQUIREMENTS.   
 
The A/E shall comply with the following: 
 
 1. State Procurement requirements. 
 
 2. The DFCM solicitation documents and A/E submitted documents for this project 
are hereby incorporated by reference as part of this Agreement.  Attachment “C” hereto indicates 
changes to the A/E’s response, if applicable. 
 
 3. The procurement documents and Contract Documents. 
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C. DFCM DESIGN MANUAL. 
 

1. The DFCM Design Manual (“Design Manual”) which is current as of the date of 
this Agreement and on file with the DFCM is incorporated by reference as if fully set forth in this 
Agreement. 

 
2. The A/E and DFCM shall be bound by the definitions and terms described in the 

Design Manual. 
 
D. ATTACHMENTS TO THIS AGREEMENT 
 
All attachments to this Agreement are incorporated by reference as if fully set forth in this 
Agreement.  Unless the context requires otherwise, any reference in this Agreement to an 
“Attachment” means such an incorporated by reference attachment to this Agreement. 
 
E. HIERARCHY OF DOCUMENTS. 
 
In case of conflict, the following documents supersede each other in accordance with the 
following respective hierarchy:  
 

1. Codes and applicable law; 
 
2. The attachments hereto; 
 
3. The solicitation documents issued by DFCM for the selection of the A/E; 
 
4. Any response by A/E to the procurement documents attached to this Agreement; 
 
5. The body of this Agreement; 
 
6. The General Conditions; and 
 
7. The Design Manual. 
 

 
ARTICLE II. 

GENERAL REQUIREMENTS  
 

A. GENERAL OBJECTIVES.  The objectives of the Work under this Agreement include, 
but are not limited to the following: 
 

1. Comply with the requirements of the Predesign Program; 
 
2. Provide designs that comply with applicable laws, codes, rules, regulations and 

quality requirements; 
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3. Comply with this Agreement including the General Conditions and Design Manual; 
 
4. Meet the established Construction Budget in Attachment “A”; 

 
5. Maintain the Project Schedule in Attachment “A”; and 

 
6. To work with DFCM and the Contractor to accomplish all these objectives. 
 

B. SCHEDULE.   Time is of the essence.  The A/E shall commence and prosecute the work 
diligently so as to be in compliance with the Project Schedule in Attachment “A.”  However, the 
A/E shall not be responsible for failure to comply with the Project Schedule or any portion thereof 
to the extent such noncompliance is not due to the fault of the A/E or anyone for whom the A/E is 
liable. 
 
C. STANDARD OF CARE; RESPONSIBILITY.  The services of A/E and its 
Subconsultants, if any, shall be performed in accordance with and judged solely by the standard of 
care exercised by licensed members of their respective professions having substantial experience 
providing similar services on projects similar in type, magnitude and complexity to the Project that 
is the subject of this Agreement.  The A/E shall be liable to the DFCM or the State of Utah for 
claims, liabilities, additional burdens, penalties, damages or third party claims (i.e. a Contractor 
claim against DFCM or the State of Utah), to the extent caused by errors or omissions that do not 
meet this standard of care.   
 
D. PUBLIC INFORMATION RELEASE.  A/E shall not make any public information 
release in connection with the Project without advance written permission of DFCM.  A/E shall 
require of it’s Subconsultants the same agreement to maintain the confidentiality of information.  
Notwithstanding this provision, the A/E does not need DFCM’s consent to respond to any 
information release which is needed to defend the A/E’s interest, or to the extent such public 
information release is protected by constitutional free speech rights. 

 
E. CONFLICT OF INTEREST.  A/E and the A/E’s Subconsultants shall not have any 
member that has a conflict of interest that may reasonably affect the A/E or Subconsultants 
professional judgment in regard to the Project, unless such conflict is disclosed to the DFCM and 
approved by the DFCM in writing.  It is the A/E’s duty to enforce this provision with the 
Subconsultants. 

 
1. Use of “Sales Agents.”  The A/E warrants that no person or selling agency has 

been employed or retained except as indicated in writing to DFCM. 
 
F. LAWS, CODES AND REGULATIONS.  A/E and its Subconsultants shall use their best 
efforts consistent with the Standard of Care stated herein to comply with laws, codes, rules, 
regulations, ordinances and quality requirements applicable to the Project as established by State 
statute, codes adopted by State law, administrative rule and/or deemed applicable to the Project 
pursuant the express terms of this Agreement including those documents incorporated by 
reference.  A/E or DFCM may request, and will be granted, a meeting with the other to discuss 
any additional codes or requirements that are applicable to the Project.  In the case of change(s) or  
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conflicts in the applicable code requirements, laws, rules or regulations, during the work of the 
Scope of A/E’s Services, when and if the A/E becomes aware of such change(s) or conflicts, the 
A/E shall promptly notify the DFCM in writing.  If the DFCM determines that work that has 
already been properly performed must now be changed, such change will be considered additional 
work under this Agreement and the A/E shall then prepare all documents to comply with the 
needed change(s). 

 
G. ESTABLISH CONSTRUCTION BUDGET.  The A/E shall prepare a construction 
budget (including cost estimate) for each phase of work under this Agreement in accordance with 
the Design Manual. 

 
H. IF BIDS/PROPOSALS EXCEED CONSTRUCTION BUDGET.  If no acceptable bid 
or proposal is received within the Construction Budget, the DFCM in its sole discretion may elect 
any one or more of the following options: 

 
1. Give written approval of an increase in the Construction Budget; and/or 

 
2. Rebid or renegotiate the construction contract within a reasonable time; and/or 

 
3. Revise the Project scope and/or quality as necessary to meet the Construction 

Budget; and/or 
 

4. Abandon the Project and terminate this Agreement. 
 

If the DFCM elects an option or options which does not abandon the Project, the A/E shall perform 
the A/E’s services to implement the selected option or options at no additional cost to the DFCM. 

 
I. STAFFING.  The A/E shall maintain the human, physical and other resources reasonably 
necessary to timely meet its obligations under this Agreement.  

 
J. DFCM REVIEWS, LIMITATIONS.  The right of the DFCM or any entity/user to 
perform plan checks, plan reviews, other reviews and/or comment upon the work of the A/E, as 
well as any approval by the DFCM, shall not be construed as relieving the A/E from its 
professional and legal responsibility for services required under this Agreement.  No review by the 
DFCM or any entity/user, approval or acceptance, or payment for any of the services required 
under this Agreement shall be construed to operate as a waiver by the DFCM of any right under 
this Agreement or of any cause of action arising out of the performance or nonperformance of this 
Agreement, and the A/E shall be and remain liable to the DFCM in accordance with applicable 
law for all damages to the DFCM caused by the A/E’s acts, errors and/or omissions. 
 
K. USE OF PROTOTYPICAL DESIGNS OR DESIGNS PROVIDED BY DFCM.  A/E 
shall use prototypical designs or other design drawings, specifications or calculations provided by 
DFCM in the request for proposal.  A/E shall recheck such designs and any other design data, 
drawings, specifications and calculations provided by DFCM.  A/E shall correct any error or 
omission as deemed necessary thereafter, and shall be responsible therefore to the same extent as 
if such materials had been provided by A/E under this Agreement.  A/E shall be provided with all 
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change orders, proposed change orders, and clarifications, from previous projects that are 
applicable to this Project.  A/E shall incorporate all pertinent material into the new plans and 
specifications.  If A/E has provided design services to DFCM on previous projects and has 
designed buildings similar to the components of this Project, which are in A/E's charge, at the 
direction of DFCM, A/E shall modify and reuse existing design as much as possible.  Where 
existing designs are being reused, drawings are required to conform to DFCM graphic/CAD 
standards unless prior written approval is given by DFCM. 
 
L. SUBCONSULTANTS.   The A/E shall be responsible and liable to the DFCM for the 
services of any Subconsultant of A/E.  Any reference in this Agreement to Subconsultant shall 
refer to any subcontractor, consultant or subconsultant of the A/E at any tier.  A/E shall, without 
additional expense to DFCM, be responsible for obtaining any business and professional licenses 
and for complying with any applicable Federal, State, and local laws, codes, and regulations, as 
necessary for the performance of the A/E’s services.  

 
M. HAZARDOUS MATERIALS.   The A/E shall comply with the General Conditions and 
Design Manual provisions regarding hazardous materials.   
 
N. DISCRIMINATION AND SEXUAL HARASSMENT PROHIBITED.  Pursuant to the 
laws of the State of Utah, the A/E, or any person acting on behalf thereof, will not discriminate 
against any employee or applicant for employment because of race, creed, color, sex, religion, 
ancestry or national origin.  To the extent applicable, said persons will comply with all provisions 
of Executive Order No. 11246 dated September 24, 1965 and rules, regulations, orders, 
instructions, designations and other directives promulgated pursuant thereto.  The A/E, or anyone 
for whose act the A/E may be liable, shall not act in any manner as would violate the laws, 
regulations and policies of the United States or the State of Utah prohibiting sexual harassment. 
 
 

ARTICLE III. 
PROJECT TEAM. 

 
A. DFCM REPRESENTATIVE.  The DFCM Representative is the person assigned by the 
Director of DFCM to manage the Project and is the sole person authorized to act on behalf of 
DFCM or the State of Utah.   
 
B. A/E AND SUBCONSULTANTS. 
 

1. Need DFCM Permission to Change Organizational Chart.  The A/E and 
Subconsultants have been selected to perform the services of this Agreement because of the skills 
and expertise of designated key personnel.  Attachment “B” to this Agreement provides the 
organization chart of the A/E and Subconsultants.  The identified persons and entities in the 
organizational chart cannot be changed without advance written approval by DFCM. 

 
2. A/E’s Representative.  The A/E’s Designated Representative identified in the 

organization chart is and shall be authorized to act on the A/E’s behalf and bind the A/E in regard 
to the Project.  
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ARTICLE IV. 
DFCM RESPONSIBILITIES AND RIGHT TO EVALUATE A/E  

 
A. DFCM RESPONSIBILITIES.  Unless otherwise expressly agreed herein, DFCM shall at 
its sole cost and expense shall: 
 

1. Place advertisements for bids or proposals; 
 
2. Conduct bid or proposal openings and interviews; 
 
3. Timely provide and update A/E with available “public” information in DFCM’s 

possession regarding the Project, including but not limited to, legal descriptions, topographic 
surveys, ALTA or other boundary surveys, utility surveys, record drawings, reports, project 
objectives, budgets, and other material requirements and limitations. 

 
4. Notify A/E of any known fault, known defect, or known deficiency in  the Project, 

including but not limited to acts, errors, omissions, or inconsistencies in A/E’s services and 
Deliverable Instruments of Service.  Notwithstanding this provision, any failure to notify the A/E, 
shall not relieve the A/E of any responsibility or liability for such fault, defect or deficiency. 
 

5. The DFCM Representative shall timely render decisions so as to avoid 
unreasonable delays in the orderly progress of the Project. 
 
B. PERFORMANCE EVALUATION OF A/E.  The DFCM may conduct a performance 
evaluation of the A/E’s services, including specific personnel of A/E or any Subconsultant at any 
time.  Results of any evaluation will be made available to the A/E upon request. 
 
 

ARTICLE V. 
SCOPE OF A/E’S BASIC SERVICES. 

 
A. IN  GENERAL.  The A/E's Basic Services consist of those described in this Agreement, 
the General Conditions, and Design Manual, and include normal structural, mechanical, electrical, 
and architectural as well as other consulting services reasonably necessary to fulfill the A/E's 
duties under this Agreement.  Any additional scope of service requirements are provided in 
Attachment "A" and the Design Manual. 
 

1. Incidental Services.  A/E shall provide all services incidental to the A/E’s 
identified Basic Services as established by standard professional custom and practice. 

 
2. Direction from DFCM Representative Only.  A/E has neither the responsibility 

nor the authority to accept directives or determinations from any person other than the DFCM 
Representative.  The A/E shall not take any direction from the end User’s of the Project, 
Contractor or any other third party’s representative. 
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3. Review Requests for Information.  The A/E shall review properly prepared and 
timely Requests for Information by the Contractor.   

 
4. Issue ASI’s and Supplemental Drawings and Specifications.  If approved by the 

DFCM Representative, the A/E shall issue an ASI, and prepare, reproduce, and distribute 
supplemental and/or corrected drawings and/or specifications in response to Requests for 
Information by the Contractor. 
 
B. SCHEMATIC  DESIGN  PHASE. 
 

1. Review Program and Statement of Scope.  The A/E shall review the program or 
other "statement of scope" furnished by DFCM to ascertain the requirements of the Project and 
shall arrive at a mutual understanding of such requirements with the DFCM Representative.  The 
term "program" as referred to in this Agreement shall be deemed to include any "statement of 
scope" provided by DFCM. 

 
2. Preliminary Evaluation.  The A/E shall provide a preliminary evaluation of 

DFCM's program, schedule and construction budget requirements. 
 
3. Documents and Drawings.   

 
a. Based on the mutually agreed upon program, or scope of work, schedule 

and construction budget requirements, the A/E shall prepare, for written approval by DFCM, 
Schematic Design Documents consisting of drawings and other documents illustrating the scale 
and relationship of Project components.   

 
b. The Schematic Design Documents shall comply with this Agreement and 

the Design Manual. 
 
c. The Schematic Design narrative shall include the A/E’s proposed design 

and construction budget which shall be within the DFCM budget provided to the A/E. 
 
4. Alternative Approaches.  The A/E shall review with DFCM, alternative 

approaches to design and construction of the Project.  Several options shall be submitted for 
DFCM’s evaluation. 

 
5. Land Use Approval Assistance.  The A/E shall cooperate with DFCM in 

obtaining applicable permits, and land use approvals, so as to allow for construction of the Project.  
However, appearances as an expert as well as the preparation of necessary drawings, visual aids 
and any other design work solely prepared for an appearance with zoning boards or planning 
commissions or other governmental meetings or hearings, shall be considered as Additional 
Services, if not included in Attachment "A". 
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C. DESIGN  DEVELOPMENT  PHASE.   
 

1. General Description of Design Development Submittal.  A/E shall prepare, for 
written approval by the DFCM Representative, Design Development Documents consisting of 
drawings and other documents to fix and describe the size and character of the Project as to 
architectural, structural, mechanical and electrical systems, materials and such other elements as 
may be appropriate.  The narrative shall include the A/E’s proposed design and construction 
budget which shall be within the DFCM budget provided to the A/E.  The Design Development 
submittals shall comply with the following: 

 
a. The DFCM approved Schematic Design Documents and any adjustments 

authorized by DFCM in the program, scope of work, schedule or construction budget; and 
 
b. The provisions of this Agreement and the Design Manual. 

 
2. Authorization to Proceed Required in Writing from DFCM.   The A/E may 

proceed on and be paid for Design Development work only after a written authorization to proceed 
to the Design Development Phase is provided by the DFCM Representative. 
 

3. Should DFCM initiate or require a material change from the approved Design 
Development Documents and there is no fault or responsibility of the A/E related to DFCM’s 
initiation or requirement of the change, A/E’s effort implementing said change(s) shall be 
compensated as an Additional Service and the schedule for delivery of A/E’s services shall be 
equitably adjusted if/as appropriate. 
 
D. CONSTRUCTION (CONTRACT) DOCUMENTS PHASE.  

 
1. General Description of Construction Documents Submittal.  A/E shall prepare, 

for written approval by the DFCM Representative, Construction Documents consisting of 
Drawings and Specifications setting forth in detail the requirements for the construction of the 
Project.  The narrative shall include the A/E’s proposed design and construction budget which 
shall be within the DFCM budget provided to the A/E.  The A/E shall advise the DFCM of any 
adjustments to previous preliminary estimates of Construction cost indicated by changes in 
requirements or general market conditions.  The Construction Documents shall comply with the 
following: 

 
a. The DFCM approved Design Development Documents and any further 

adjustments in the scope or quality of the Project or in the construction budget authorized by 
DFCM;  

 
b. The Construction Documents shall comply with and identify all applicable 

codes, tests and inspections; and 
 
c. The provision of this Agreement and the Design Manual. 
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2. Authorization to Proceed Required in Writing from DFCM.   The A/E may 
proceed on and be paid for Construction Documents work only after a written authorization to 
proceed to the Construction Documents Phase is provided by the DFCM Representative.  

 
3. Assistance with Procurement Documents.   The A/E shall assist DFCM in the 

preparation of the necessary procurement documents to obtain a Contractor and other entities 
needed to complete the Project. 

 
4. Assist with Filing for Governmental Approval.  When requested by DFCM, A/E 

shall assist DFCM in preparation and filing of documents required for the approval of 
governmental authorities having jurisdiction over the Project. 
 
E. PROCUREMENT  OR  NEGOTIATION  PHASE. 
 

1. In General.  The A/E, after written authorization is provided by the DFCM 
Representative, shall assist DFCM in obtaining bids or negotiated proposals and assist in awarding 
contracts for construction. 

 
2. Pre-Bid (including pre-proposal) Conference.  The A/E shall attend any pre-bid 

conference as requested by the DFCM.  DFCM shall control all advertising, bid openings, 
publishing of bid results, awarding of the Contract. 

 
3. Available for Interpretations.  The A/E shall at all reasonable times be available 

personally, or have available, a responsible member of his or her staff to make such interpretations 
of the Construction Documents as are necessary to facilitate completion of the construction 
contract. 
 
F. CONSTRUCTION PHASE - ADMINISTRATION OF THE CONSTRUCTION 
CONTRACT. 
 

1. Commencement and Termination.  The A/E's responsibility to provide Basic 
Services for the Construction Phase commences with DFCM’s written authorization to proceed on 
to this Phase and terminates upon the completion of the guaranty period of the Contractor’s work, 
unless extended by written agreement of the A/E and DFCM.  Any final payment made prior to 
the end of the guaranty period does not terminate A/E’s obligation to provide full performance of 
the A/E’s services throughout the guaranty period for the fee already paid for basic services. 
 

2. A/E’s General Assistance During Construction and One-Year Guaranty 
Period.  A/E shall advise and assist DFCM (1) during the Construction Phase, and (2) during 
period of the Contractor's guaranty obligations under the Contract Documents.  During the One-
Year Guaranty Period, the A/E shall make a qualified representative available to answer questions 
and to perform a 1-year guaranty walk through.  A/E shall have authority to act on behalf of 
DFCM only to the extent provided in this Agreement unless otherwise modified in writing by 
DFCM and A/E.  The A/E shall be liable for any representations made by the A/E or anyone for 
whose acts the A/E may be liable, not consistent with the provisions of the Contract Documents, 
unless DFCM has given written approval in advance. 
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3.  Site Visits. 
 

a. In General.  Site visits shall be conducted in accordance with Attachment 
“A” and the Contract Documents.  

 
b. Compliance with Contract Documents, Reporting Defects and 

Deficiencies.  Site visits shall require the A/E to examine the Work of the Contractor in progress 
to assist the DFCM in identifying any lack of compliance with the Construction Documents, 
defects or deficiencies in the Work and to determine whether the Work is proceeding in a manner 
such that, when completed, will likely be in accordance with the Construction Documents.  Except 
as may otherwise be provided in Attachment “A”, the A/E’s on-site construction-phase services 
are (i) not full-time, continuous, or exhaustive; (ii) do not include a duty to discover latent defects 
in the Work; and (iii) do not constitute a guarantee of the A/E’s Work or relieve the Contractor of 
its responsibilities.  A/E is not responsible for the Contractor’s selected means, methods, or 
sequences of work.  The A/E shall cooperate and assist the DFCM in enforcement of the 
Construction Documents.  The A/E shall promptly report known or obvious defects to the DFCM.  
This provision does not relieve the Contractor of its responsibility to comply with the Construction 
documents. 

 
c. Written Report.  A/E shall promptly submit to DFCM a written report 

subsequent to each site visit.   
 
d.  Limitations.  A/E shall not be required to make exhaustive or continuous 

on-site inspections or observations to check the quality or quantity of the Work unless specified 
elsewhere in this Agreement including the Attachment(s). 

 
4. Submittals.  Contractor submittals shall be addressed in accordance with the 

Contract Documents.   
 
5. Modifications.  A/E shall prepare Change Orders, or Construction Change 

Directives, with supporting documentation and data for DFCM's approval and execution in 
accordance with the Contract Documents, and may issue ASI’s not involving an adjustment in the 
Contract Sum or an extension of the Contract Time which are not inconsistent with the intent of 
the Contract Documents.  ASI’s must be approved by the DFCM Representative prior to being 
issued.  When approved by DFCM, the A/E shall prepare Statements of Justification, detailed cost 
and time estimates of the proposed change in the work, Requests for Proposals, Construction 
Change Directives, and Change Orders.  A/E shall prepare, reproduce, and distribute Drawings 
and Specifications to completely describe Work to be added, deleted, and/or modified.  The 
preparation of all such documentation shall not be considered additional services unless the 
change in the Work is determined by DFCM to be a scope change and/or an unknown condition.  

 
6. Record Drawings (As-Builts).  The A/E shall monitor the Contractor’s efforts to 

regularly update the redline drawings during construction.  Upon completion of the Construction 
Phase, A/E shall prepare Record Drawings based upon redline construction drawings and/or other 
information provided by Contactor.  A/E has no duty to verify the accuracy or completeness of 
said information and, unless A/E knows that said information is on its face inaccurate and/or  
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incomplete, A/E is entitled to rely upon said information in preparing Record Drawings.  If and to 
the extent A/E knows that said information is on its face inaccurate and/or incomplete, A/E shall 
promptly advise DFCM in reasonable detail of the inaccurate and/or incomplete information.  
Subject to said obligation to advise and its obligation to transcribe the Contractor’s redline 
construction drawings and/or other information provided by Contractor in a manner consistent 
with the Standard of Care, A/E makes no representation regarding the accuracy or completeness of 
its Record Drawings.  

 
7. Review Process.  A/E shall comply with any review process required by DFCM.  

A/E shall make submissions to the reviewing entity in a timely manner so as not to delay the 
reviewing entity. 
 

8. Specific Delay Liability of A/E.   The A/E shall be liable to DFCM for damages 
incurred to DFCM or the State of Utah as a result of impact on the Contractor’s critical path 
schedule to the extent due to A/E’s error, act or omission.  

 
9. Notification of Impacts on Critical Path.  The A/E shall promptly notify DFCM 

in writing of facts, events or circumstances of which the A/E is or should be aware and which have 
or likely will adversely impact the critical path schedule.  
 
 

ARTICLE  VI 
DELIVERABLE INSTRUMENTS OF SERVICE 

 
A. DEFINED.  “Deliverable Instruments of Service” as used in this Agreement shall mean 
the drawings, specifications, addendum, attachments, calculations, manuals, reports, official 
project meeting minutes, project observation reports and/or other information, regardless of 
medium, identified in and required to be delivered or submitted to the DFCM under this 
Agreement. 
 
B. OWNERSHIP.  It is acknowledged and agreed that all documents developed pursuant to 
this Agreement are Instruments of Service.  Deliverable Instruments of Service are the sole 
property of DFCM.  DFCM shall have unlimited rights, for the benefit of DFCM, in all said 
deliverable instruments of service, including, but not limited to use, re-use, modification, and 
transferability for reference only related to the site. 
 
C. PROMOTIONAL ISSUES.  The A/E shall have the right to include photographic or 
artistic representations of the design of the Project among the A/E’s promotional and professional 
materials, provided that the A/E appropriately gives recognition to the State of Utah regarding the 
Project.  The A/E shall be given reasonable access to the completed Project to make such 
representations.  However, the A/E’s materials shall not include the DFCM confidential or 
proprietary information.  The DFCM shall provide professional credit for the A/E in the DFCM’s 
promotional materials that relate to the A/E’s work for the Project.  Except to the extent related to 
the A/E’s defense of any statements made by others in regard to the A/E’s performance, and 
notwithstanding any other provision of this Agreement, the A/E shall not make any public 
information release in connection with services performed under this Agreement without the 
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advance written approval of the Director of the Division of Facilities Construction and 
Management.  
 
D. LICENSE.  A/E hereby grants DFCM a nonexclusive license for governmental purposes 
to any copyrighted portion of Deliverable Instruments of Service.  Such license shall include, but 
not be limited to, the right to use and reuse such copyrighted materials to construct the buildings, 
facilities, or other matters covered by such copyrighted materials for additional use and to license 
such copyrighted materials for reuse.  DFCM’s rights and licenses in and to said Deliverable 
Instruments of Service are conditioned upon A/E receiving all sums related to DFCM approved 
deliverables due under this Agreement. 
 
E. INDEMNIFICATION RELATED TO CERTAIN DFCM’S ACTION WITH 
DELIVERABLES.  DFCM’s use on other projects, DFCM’s re-use, or DFCM’s modification of 
the Deliverable Instruments of Service shall be at DFCM’s sole risk and without recourse against 
A/E, its Subconsultants at any tier, and their principals, agents and employees.  DFCM shall hold 
harmless, indemnify and defend A/E, its Subconsultants at any tier and their respective principals, 
agents and employees from and against any and all actions, claims, loss, or damages of any nature 
whatsoever to the extent related to and resulting from any said use, re-use, or modification of all or 
any portion of the Deliverable Instruments of Service by or on behalf of DFCM, or under any 
license issued by, through, or on behalf of DFCM, irrespective of any actual or alleged fault on the 
part of the indemnitee(s).  Under no circumstances shall A/E be indemnified for the use of the 
Deliverable Instruments of Service for the Project that is the subject of this Agreement.  For 
purposes of this paragraph, DFCM includes the State of Utah or any department, division or agency 
of the State of Utah. 
 
F. ACCESS TO DELIVERABLES.  A/E, for a period of three (3) years after completion of 
the Project, agrees to furnish and to provide access to all the aforesaid Deliverable Instruments of 
Service upon the request of DFCM.  DFCM shall pay all costs for labor, reproduction and/or 
shipping of requested documents.  DFCM agrees to make no demand on A/E for responsibility for 
DFCM use of such material for any other DFCM work which is not the subject of an Agreement 
between DFCM and the A/E for such use. 
 
G. STAMP.  If the A/E is not the same A/E commissioned for the project within the 
Deliverable Instruments of Services, DFCM shall reasonably remove all indications of authorship, 
including the title blocks, names, initials, signatures, and professional stamps of A/E, its 
Subconsultants at any tier, and their agents and employees. 
 
 

ARTICLE VII. 
COMPENSATION, PAYMENTS 
TO THE A/E, AND DAMAGES 

 
A. FEES IN ATTACHMENT “A.”  Payment shall be in accordance with the schedule of 
lump sum payments for each phase listed under this Agreement as shown in the Schedule of A/E’s 
and Subconsultant Fees (Attachment “A”).  Progress payments with respect to such lump sum 
amounts shall be based upon percentage of such services completed.   
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B. PAYMENT IN FULL.  The fee for any particular phase or activity described in 
Attachment “A” shall be the full payment owing by DFCM for such phase or activity. 
 
C. WITHHOLDING OF PAYMENT; LIABILTY OF EXCESS OWING.  Should the 
A/E fail to perform any of its obligations hereunder, be in default of this Agreement, or otherwise 
fail to complete the services of this Agreement within the time established by the Project Schedule 
(Attachment “A”), the A/E shall be liable to the DFCM for the actual damages incurred and such 
amount, may be deducted from any amount due or that may become due the A/E.  To the extent 
that the damages exceed any amount that would otherwise be due the A/E, the A/E shall be liable 
for such excess to the DFCM.  The DFCM may seek enforcement of such obligation by legal 
action, and if such is necessary, shall recover the related costs and attorney fees.  Notwithstanding 
the above, the DFCM agrees that the A/E is not responsible for damages arising directly or 
indirectly from any delays for causes beyond the A/E’s control. 

 
D. OTHER PREREQUISITES TO RECEIVE PAYMENT:  In addition to any other 
requirements under this Agreement, the following is required before any payment shall be made 
and/or deemed owed by the DFCM: 
 

1. Invoices.  The A/E shall submit invoices for progress payments not more than once 
a month.  Invoices shall include the DFCM project and contract number, and be signed by the 
A/E.  Each invoice shall include a detailed description by line item showing the contract prices, 
percentage of the services completed for the period, payments received to date, payment requested 
for the period, the overall percentage of completion, any lien waivers or releases previously 
requested by DFCM. 

 
2.  Adjustments of Progress Payments.  The DFCM may, at its discretion, adjust any 

progress payments so that it corresponds to the percentage of completion as estimated by the 
DFCM.  Notice shall be given to the A/E prior to making any such adjustments. 

 
E. ACCEPTANCE OF FINAL PAYMENT.  The acceptance by the A/E of final payment 
without a written protest filed with DFCM within three (3) days of receipt of final payment, shall 
release the DFCM from all claims and all liability to the A/E for fees and costs of the performance 
of the services pursuant to this Agreement. 
 
F. INTEREST ON LATE PAYMENTS.  Except as otherwise provided by law, if any 
payment is late based upon the provisions of this Agreement, the A/E shall be paid interest in an 
amount equal to the published Wall Street Journal prime rate plus 2%.  The published Wall Street 
Journal Prime Rate shall be determined using such rate that is published closest to the 1st of the 
month for each month of the late period.  The amount of payment of interest shall be apportioned 
using such rate(s) for the late period. 
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ARTICLE VIII. 
REQUIREMENTS FOR ADDITIONAL SERVICES. 

 
A. ADDITIONAL SERVICES; IN GENERAL.    
 

1. Not Allowed when Correcting an Error, Omission or is Already Part of this 
Agreement.  Notwithstanding any provision of this Agreement, the A/E shall not be entitled to 
any additional compensation or the considering of any work as an additional service when such 
work is being performed in order to resolve an error or omission of the A/E or is otherwise 
required to meet the terms of this Agreement.   

 
2. Written Modification in Advance of Work Required.  The A/E shall perform 

additional services when authorized by a written modification to this Agreement in advance of the 
performance of the subject work.  Failure of the A/E to obtain a written approval from the DFCM 
of the cost and authorization to proceed shall result in the A/E’s forfeiture of the right to seek 
additional compensation for the contended additional service.  A/E shall have no obligation, and 
shall not, begin or provide any additional services unless and until such written modification has 
been provided by the DFCM. 
 
 

ARTICLE  IX. 
INSURANCE AND INDEMNIFICATION 

 
A.  INSURANCE.  To protect against liability, loss and/or expense arising in connection with 
the performance of services described under this Agreement, the A/E shall obtain and maintain in 
force during the entire period of this Agreement without interruption, at its own expense, the 
following stated insurance from insurance companies authorized to do business in the State of 
Utah, in a form and content satisfactory to the DFCM, and rated “A-” or better with a financial 
size category of (a) Class X or larger where the applicable Construction Budget is $1,000,000 or 
greater; or (b) Class VII or larger where the applicable Construction Budget is under $1,000,000.  
All said ratings and financial size categories shall be as published by A.M. Best Company at the 
time this Agreement is executed.  The A/E shall require all Subconsultants to have and maintain 
similarly required policies.  All of the following listed insurance coverages shall be provided by 
the A/E: 

 
1. A/E's Professional Liability Insurance.  The A/E shall maintain a policy on a 

claims made basis, annual aggregate policy limit based on the following chart, unless modified in 
Attachment "A” to this Agreement. 
 
    Construction Budget                                                  Minimum Liability Coverage 

$50,000,000 and above    $2,000,000 per claim, 
       $4,000,000 aggregate 
$25,000,000 and above, but under $50,000,000 $2,000,000 per claim, 
       $2,000,000 aggregate 
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$1,500,000 and above but under $25,000,000 $1,000,000 per claim, 
       $1,000,000 aggregate 
Under $1,500,000     $   500,000 per claim, 
       $   500,000 aggregate 

 
The DFCM reserves the right to require additional coverage from that stated in the chart herein 
above, at the DFCM's expense for the additional coverage portion only.  DFCM also reserves the 
right to require project specific insurance, and if such right has been exercised it shall be indicated 
as an exhibit to this Agreement.  Unless project specific insurance is required by the DFCM, the 
coverage may be written under a practice policy with limits applicable to all projects undertaken 
by the firm but must be maintained in force for the discovery of claims for a period of three (3) 
years after the date final payment is made to the A/E under this Agreement.  All policies provided 
by the A/E must contain a "retroactive" or "prior-acts" date which precedes the earlier of, the date 
of the A/E’s Agreement or the commencement of the A/E’s services.  The A/E’s policy must also 
include contractual liability coverage applicable to the indemnity provision of this Agreement for 
those portions of the indemnity provisions that are insured under the A/E’s policy and in 
accordance with this Agreement, including the attachments hereto. 

 
2. Commercial General Liability Insurance.  A/E shall provide, at its own expense, 

Commercial General Liability Insurance, on an “occurrence basis”, including insurance for 
premises and operations, independent Subconsultants, projects/ completed operations, and 
contractual liability coverage including specifically designating the indemnity provisions of this 
Agreement as an insured contract on the Certificate of Insurance.  Such Commercial General 
Liability Insurance must provide coverage for explosion, collapse and underground hazards.  
Insurance required by this paragraph shall provide for limits that are not less than the following: 
 

$2,000,000 General Aggregate 
$2,000,000 Products-Completed Operations Aggregate 
$1,000,000 Personal and Advertising Injury 
$1,000,000 Each Occurrence 
$     50,000 Fire Damage (any one fire) 
$       5,000 Medical Expense (any one person) 

 
3. Workers' Compensation Insurance and Employers' Liability Insurance.  

Worker’s Compensation Insurance shall cover full liability under the Worker’s Compensation 
Laws of the jurisdiction in which the Project is located at the statutory limits required by said 
jurisdiction’s laws.  Employer’s Liability Insurance shall provide the following limits of liability:  
$100,000 for each accident; $500,000 for Disease-Policy Limit; and $100,000 for Disease-Each 
Employee.  

 
4. Automobile.  Automobile liability insurance for claims arising from the ownership, 

maintenance, or use of a motor vehicle.  The insurance shall cover all owned, non-owned, and 
hired automobiles used in connection with the work, with the following minimum limits of 
liability:  $1,000,000 – Combined Single Limit Bodily Injury and Property Damage Per 
Occurrence. 
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5. Valuable Papers and Records Coverage and Electronic Data Processing (Data 
and Media) Coverage.  The A/E and all Subconsultants of the A/E shall provide coverage for the 
physical loss of or destruction to their work product including drawings, specifications and 
electronic data and media. 

 
6. Aircraft Use.  A/E using its own aircraft, or employing aircraft in connection with 

the work performed under this Agreement shall maintain Aircraft Liability Insurance with a 
combined single limit of not less than $1,000,000 per occurrence.  Said certificate shall state that 
the policy required by this paragraph has been endorsed to name the State of Utah and DFCM as 
Additional Insureds. 

 
7. Certificates.  Before this Agreement is executed, the A/E shall submit certificates 

in form and substance satisfactory to the DFCM as evidence of the insurance requirements of this 
Article.  Such certificates shall contain provisions that no cancellation, or non-renewal shall 
become effective except upon thirty (30) days prior written notice by US Mail to DFCM as 
evidenced by return receipt, certified mail sent to DFCM.  The A/E shall notify the DFCM within 
thirty (30) days of any claim(s) against the A/E which singly or in the aggregate exceed 20% of 
the applicable required insured limits and the A/E shall, if requested by DFCM, use its best efforts 
to reinstate the policy within the original limits and at a reasonable cost.  The State of Utah and 
DFCM shall be named as an insured party, as primary coverage and not contributing, on all the 
insurance policies required by this Article except the professional liability and workers' 
compensation policies.  The DFCM reserves the right to request the A/E to provide a loss report 
from its insurance carrier. 

 
8. Maintain Throughout Agreement Term.  The A/E agrees to maintain all 

insurance required under this Agreement during the required term.  If the A/E fails to furnish and 
maintain said required insurance, the DFCM may purchase such insurance on behalf of the A/E, 
and the A/E shall pay the cost thereof to the DFCM upon demand and shall furnish to the DFCM 
any information needed to obtain such insurance. 

 
9. Waivers of Subrogation.  All policies required, except Practice Professional 

Liability Insurance and Workers Compensation Insurance, shall be endorsed to include waivers of 
subrogation in favor of the State of Utah and DFCM. 

 
10. Excess Coverages.   Any type of insurance or any increase of limits of liability not 

described in this Agreement which the A/E requires for its own protection or on account of any 
statute, rule or regulation, shall be its own responsibility and at its own expense. 

 
11. Not Relieve A/E of Liability.  The carrying of any insurance required by this 

Agreement shall in no way be interpreted as relieving the A/E of any other responsibility or 
liability under this Agreement or any applicable law, statute, rule, regulation or order. 

 
12. A/E Compliance with Policies.  A/E shall not violate or knowingly permit to be 

violated any of the provisions of the policies on insurance required under this Agreement. 
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B. INDEMNIFICATION 
 

1. “Indemnitees” as that term is used in this Article IX-B means the State of Utah, its 
institutions, agencies, departments, divisions, authorities, and instrumentalities, boards, 
commissions, elected or appointed officers, employees, agents, and authorized volunteers. 

 
2. “A/E” as that term is used in this Article IX-B, means the A/E, its Subconsultants 

at any tier, or any of their agents, employees including those employed directly or indirectly, or 
other persons or entities for whose acts the A/E or its Subconsultants at any tier may be liable. 

 
3. Indemnification Requirements. 

 
a. A/E’s Indemnification of Indemnities.  To the fullest extent permitted by 

law, A/E shall indemnify and hold harmless the Indemnities from and against every kind and 
character of claims, damages, losses and expenses, including but not limited to reasonable 
attorneys' fees, to the extent caused by any negligent or wrongful act, error or omission of the A/E. 

 
b. Defense by A/E.  A/E shall defend all actions brought upon such matters to 

be indemnified hereunder and pay all costs and expenses incidental thereto, but the State of Utah 
shall have the right, at its option and its own expense, to participate in the defense of any such 
action without relieving the A/E of any obligation hereunder.  A/E shall be reimbursed by DFCM 
their reasonable costs and expenses incurred under this provision to the extent such costs and 
expenses relate to the fault of DFCM and not the A/E. 

 
c. Not Affect Other Indemnification Rights or Obligations.  Such 

obligation shall not be construed to negate, abridge, or otherwise reduce any other right or 
obligation of indemnity which would otherwise exist as to any party or person under this 
Agreement. 

 
d. Not Affected by Workmen’s Compensation or Certain Benefit Acts.  In 

claims against any person or entity indemnified under this paragraph by the A/E, the 
indemnification obligation under this paragraph shall not be limited by a limitation on the amount 
or type of damages, compensation or benefits payable by or for the A/E under workers' or 
workmen's compensation acts, disability benefits acts or other employee benefit acts. 

 
e. Affect of Written Directives by DFCM.  Notwithstanding any of the 

above, to the extent A/E is complying with a written directive from DFCM, that is not based on 
the A/E’s recommendation, the A/E shall not be held liable under the indemnification provisions 
of this Agreement if the A/E has promptly disagreed with the written directive by delivering such 
objection to DFCM in writing. 

 
f. Specific Waiver for Damages Covered by Builder’s Risk.  DFCM and 

A/E waive all rights against each other for damages, but only to the extent covered by the State of 
Utah's Builder's Risk Policy concerning damage to the Work during construction, except such 
rights as they may have to the proceeds of such insurance as set forth in the General Conditions.  
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DFCM and A/E each shall require similar waivers from their Subconsultants and agents at any 
tier. 
 
 

ARTICLE X. 
LIMITATIONS OF ACTIONS 

 
A. STATUTE OF LIMITATION AND STATUTE OF REPOSE.  An action by or against 
the A/E, the A/E's Subconsultant, agent, independent Subconsultant, or anyone for whom the A/E 
may be liable, shall comply with and be bound by the applicable and lawful statute of limitation 
and statute of repose provisions.  Notwithstanding this, any action by or against the A/E, the A/E's 
Subconsultant, agent, independent Subconsultant, or anyone for whom the A/E may be liable, that 
is based in contract or warranty shall be commenced within six (6) years of the date of substantial 
completion of the improvement or abandonment of construction except that such period of 
limitation shall be modified as follows: 

 
1. Fraudulent Concealment.  In the event that the A/E, the A/E’s Subconsultant, 

agent, independent Subconsultant, or anyone for whom the A/E may be liable has fraudulently 
concealed the act, error, omission or breach of duty, or the injury, damage or other loss caused by 
the act, error, omission or breach of duty, the six year period shall not begin to run until such time 
as the DFCM discovers or, through the exercise of reasonable diligence, should have discovered 
its claim. 

 
2. Willful and Intentional.  In the event that the A/E, the A/E’s Subconsultant, agent, 

independent Subconsultant, or anyone for whom the A/E may be liable commits a willful or 
intentional act, error, omission, or breach of duty, the six year period shall not begin to run until 
such time as the DFCM discovers or, through the exercise of reasonable diligence, should have 
discovered its claim. 

 
3. Unintentional and Nonfraudulent Latent Acts, Errors, Omissions or Breaches 

of Duty.  In the event of an unintentional and nonfraudulent latent act, error, omission or breach of 
duty, the DFCM shall have the time period allowed by Utah law and the Utah Code, unless a 
longer period is provided for in an attachment to this Agreement.  

 
4. “Different Period of Limitation” from Utah Code.  These provisions are 

understood and agreed to by the A/E as establishing a "different period of limitations" as that 
terms is used in UCA 78-12-21.5(3)(a) or any other similar statute of the Utah Code.  These 
provisions are not intended to shorten any time period allowed by Utah law and code for non-
contract actions, including but not limited to, those based in tort. 

 
 

ARTICLE XI. 
PRELIMINARY RESOLUTION EFFORTS, CLAIMS AND DISPUTES 

 
A. GENERAL CONDITIONS REQUIREMENTS APPLY.  The provisions of Articles 7.7 
through and including 7.14 of the General Conditions shall allow to Preliminary Resolution 
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Efforts, Claims and Disputes under this Agreement.  References in said Articles 7.7 through and 
including 7.14 to the term “Contractor” and “Subcontractor” shall refer to A/E and Subconsultant 
under this Agreement, respectively.  Unless inconsistent with the provisions of this Agreement, 
definitions in the General Conditions shall apply to this Agreement.  
 
B. TIME FOR FILING.  Notwithstanding paragraph A above, the PRE must be filed in 
writing with the DFCM Representative within twenty-one (21) days of any of the following: 
 
 1. Issuance of a denial by DFCM of an A/E request for additional monies or other 
relief under this Agreement; 
 
 2. In the case of a Subconsultant, after the expiration of the time period for the A/E / 
Subconsultant PRE process under Paragraph 7.7.5 of the General Conditions; or 
 
 3. When the A/E knows or should have known about any other issue where the A/E 
seeks additional monies, time or other relief from the State of Utah or DFCM. 
 
C. NOT LIMIT DFCM RIGHTS.  As stated in Rule R23-26-1(6), this does not limit the 
right of DFCM to have any of its issues, disputes or claims considered.  DFCM reserves all rights 
to pursue its issues, disputes or claims in law or equity including, but not limited to, any or all of 
the following:  damages, delay damages and impacts, losses, liability, patent or latent defects, or 
failure to perform under this Agreement.  If the Director appoints an expert or a panel to consider 
any such issue(s), dispute(s) or claims(s) of DFCM, the A/E shall cooperate with such expert or 
panel process.   
 
 

ARTICLE XII. 
TERMINATION OR SUSPENSION 

 
A. TERMINATION FOR CAUSE.  The DFCM or A/E may terminate this Agreement for 
cause should the other party fail to substantially perform the material covenants herein contained 
at the time and in the manner herein provided, including the failure to design the project within the 
Construction Budget.  In such event, the party seeking termination shall give the other party 
fourteen (14) calendar days written notice of intent to terminate for cause.  If the other party cures 
said default, or is diligently pursuing a cure, within said fourteen (14) day period, there shall be no 
termination for cause. 
 

1. DFCM May Proceed; Liabilities.   In the event of such termination for cause by 
the DFCM, the DFCM may proceed with the work in any manner deemed proper by the DFCM.  
The cost to the DFCM or damage to the DFCM as a result of the failure to perform shall be 
deducted from any sum due the A/E under this Agreement, and the balance, if any, shall be paid to 
the A/E upon demand.  If the cost or damage to the DFCM exceeds the sums due the A/E, such 
costs or damages shall be paid to the DFCM by the A/E. 
 

2. Paid Sums Owing Through Date of Termination.  In the event of such 
termination for cause by the A/E, the A/E shall be paid all sums owing A/E through the date of 
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termination.  Under no circumstances, shall A/E be paid for any other sums related to the 
termination for cause, including but not limited to, lost profits or consequential damages. 

 
B. TERMINATION FOR CONVENIENCE.  The DFCM reserves the right to terminate 
this Agreement for convenience or any reason upon fourteen (14) calendar days written notice to 
A/E.  The DFCM may also suspend the services of the A/E for a period not to exceed 180 days 
and pay the A/E all sums owing through the date of suspension.  For any period beyond 180 days, 
the A/E may consider it a termination for convenience.  Should said termination occur during or 
upon completion of the Schematic Design Phase, A/E shall be entitled to receive and shall be paid 
all fees stated herein through the Schematic Design Phase, together with reimbursable expenses 
incurred to date, less the amount of said fees and expenses paid by DFCM and received by A/E 
through said date.  Should said termination occur during the Design Development Phase or any 
subsequent phase, A/E shall be entitled to receive and shall be paid the greater of: (i) all fees 
earned and reimbursable expenses incurred through the effective date of said termination, less said 
fees and expenses paid by DFCM and received by A/E through said date; (ii) the actual, 
reasonable cost to A/E and its Subconsultants (regardless of tier) of the authorized services 
provided, plus a profit thereon of 10%, plus reasonable reimbursable expenses incurred under this 
Agreement through the effective date of said termination, less said fees and expenses paid by 
DFCM and received by A/E through said date; or such other amount as agreed to by A/E and 
DFCM. 
 
C. DEATH OR INCAPACITY.  If the A/E transacts business as a sole proprietorship, the 
A/E’s death or incapacity shall automatically terminate this Agreement as of the date of such 
event.  Under these circumstances, neither the A/E nor the A/E’s estate shall have any further right 
to perform hereunder and the DFCM shall pay the A/E or the estate shall be paid through the date 
of termination.  
 
D. DELIVERABLES PROVIDED TO DFCM.  Promptly after termination and payment of 
any sums owing the A/E, the A/E shall deliver all of the Deliverable Instruments of Services, 
including those in progress, to the DFCM as hereinbefore described. 
 
E. RIGHT TO COMPLETE.  Subject to the above termination provisions of this 
Agreement, DFCM shall have the right to complete the work or any portion thereof by itself or 
others, and to modify and/or use the A/E's work in part or in its entirety as hereinabove described. 

 
 

ARTICLE XIII 
GENERAL LEGAL REQUIREMENTS 

 
A. SEVERABLE AGREEMENT.  This Agreement is severable.  Authorization to perform 
one of the design phases or activities under this Agreement shall not be considered as creating any 
obligation of DFCM to authorize any further phase(s) or activity(ies). 

 
B. INDEPENDENT CONTRACTOR.  A/E is an independent contractor and not an 
employee of DFCM or the State of Utah.  A/E shall have no authorization, express or implied, to 
bind the State of Utah or DFCM to any agreement, settlement, liability or understanding 
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whatsoever, nor to perform any acts as agent for the State of Utah or DFCM, except as specifically 
set forth in this Agreement.  
 
C. THIRD PARTIES.  Nothing contained in this Agreement shall create a contractual 
relationship or a cause of action in favor of a third party against the State of Utah and DFCM 
and/or A/E or its Subconsultants at any tier. 

 
D. AGREEMENT BINDING AND ASSIGNMENT LIMITATIONS.  This Agreement 
shall be binding upon DFCM, A/E, and their respective partners, employees, agents, joint 
ventures, successors and assigns.  Neither the performance of this Agreement, a right or claim, nor 
any part thereof including any monies to be paid, may be assigned by the A/E or DFCM without 
the prior written consent and approval of the other party.  The DFCM may assign this Agreement 
to an institutional lender providing financing for the Project.  In such event, the lender shall 
assume the DFCM’s rights and obligations under this Agreement.  The A/E shall execute all 
consents reasonably required to facilitate such assignment. 
 
E. ENTIRE AGREEMENT AND AMENDMENT LIMITATION.  This Agreement 
represents the entire and integrated agreement between the DFCM and the A/E and supersedes all 
prior negotiations, representations or agreements, either written or oral.  This agreement may be 
amended only by written instrument signed by both DFCM and A/E. 

 
F. NOTICES.  Any notice required by this Agreement shall be served upon the recipient’s 
designated representative by hand delivery at the last known business address, or by mail with 
“delivery confirmation” to the last known address.  Notwithstanding any other provision of this 
Agreement, written notice shall also be deemed to have been duly served by verified use of a FAX 
system by using the known and operative calling number.  Service by use of the FAX system is 
encouraged when timely notice will benefit the DFCM, A/E, or Subconsultant.  Notice shall be 
considered complete and verified upon the sending and confirmation of delivery using the FAX 
system, if on the same day notice is also sent by registered or certified mail, return receipt 
requested, to the last business address known to the party giving notice, confirming the FAX 
delivery. 

 
G. WAIVERS.  No waiver by the DFCM or A/E of any default shall constitute a waiver of 
the same default at a later time or of a different default. 
 
H. APPLICABLE LAW AND VENUE.  This Agreement shall be construed in accordance 
with the laws of the State of Utah.  Venue for any legal proceeding regarding this Agreement shall 
in the Salt Lake County, State of Utah. 
 
I. AUTHORITY TO EXECUTE.  The A/E and DFCM each represent that the execution of 
this Agreement and the performance thereunder is within their respective duly authorized powers. 
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IN WITNESS WHEREOF, the parties hereto have entered into this Agreement on the day and 
year first written above. 
 
 
       A/E:                                
 
              
       Signature                                Date 
 
       Title:         
 
State of       _____________) 
         )                                              
County of    _____________)    Please type/print name clearly 
 
On this ______ day of _____, 20____, personally appeared before me, _________________________, 
whose identity is personally known to me (or proved to me on the basis of satisfactory evidence) and who 
by me duly sworn (or affirmed), did say that he (she) is the ________________ (title or office) of the firm 
and that said document was signed by him (her) in behalf of said firm. 
 
             
       Notary Public 
(SEAL) 
       My Commission Expires ____________ 
 
 
 
 
 
APPROVED AS TO AVAILABILITY      DFCM:  DIVISION OF FACILITIES 
OF FUNDS:      CONSTRUCTION & MANAGEMENT 
 
                                                                                                               
Financial Manager,                                  Date ______________                                   Date 
Div. of Facilities Construction       Manager – Capital __________ 
and Management 
 
 
 
 
APPROVED AS TO FORM:    APPROVED FOR EXPENDITURE: 
May 25, 2005 
By:  ALAN S. BACHMAN    ________________________________  
       Asst. Attorney General                        Division of Finance                                Date 
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(Name of Project) 
DFCM Project No. ________ 

 
Attachment “A” 

 
1. BASIC SERVICES:  Basic Services Fee:  $________.  Construction Budget (FLCC): $__________ 

(See attached A/E’s proposal dated __________ for schedule of A/E’s and A/E’s subconsultant’s fees 
and further breakdown).  The following services are provided in the basic fees:  architectural, 
mechanical, electrical, structural, civil, landscape and acoustic design as required for the project.  
Services shall also include Value Engineering Session participation; meeting minute production and 
distribution; cost estimating; fire/water flow analysis; plan reviews with the Building Official, the Fire 
Marshall and the Health Department; Construction Procurement Phase services; travel as outlined in 
Item A below; document reproduction as outlined in Item B below; and Construction Period services as 
outlined in Item C below.  
 
A. Travel reimbursement requirements: As outlined in A/E’s attached proposal. 
B. Document reproduction requirements (needs for review sets, bidding, construction, etc.):  

 Note:  Printing for use by design team in presentations and for coordination is
 included in basic services fee.    As outlined in A/E’s attached proposal.   

C. Construction Period site visits:     As outlined in A/E’s attached proposal. 
D. Record drawings:   Amount of fee allocated to completion of 
       Record drawings $__________________ 

 
The Basic Services Fee is divided into the following percentages for the different phases of Work:  
schematic design - 15%; design development - 20%; construction documents - 40%; bidding - 5%; and 
construction closeout/warranty period - 20%. 

 
Exceptions to this list of basic services are:  _____________________________________________ 

 
2. ADDITIONAL SERVICES / REQUIREMENTS:  The following additional services/requirements 

(i.e. hazardous material requirements, special inspection services, insurance requirements) will be 
provided as described and at the listed fee:  ______________________ $__________________ 

 
3. TOTAL FEE FOR AGREEMENT    (Total of Items 1 and 2)  $__________________ 
 
4. MILESTONES / SCHEDULE:   Required project milestones and A/E’s project schedule. 

(See attached schedule of A/E’s work plan): 
Design complete ready for bidding:        ___________________ 
Construction complete and ready for occupancy permit:   ___________________ 

 
Attachment “B” 

 
The A/E’s Organization Chart is hereby identified and attached. 
 

Attachment “C” 
 
Any additional explanation of the A/E’s response to the DFCM’s submittal documents are hereby identified 
and attached. 
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SECTION 1 – EXECUTIVE SUMMARY

1.1  Executive Summary

A. This study focuses on the existing and proposed chilled water systems for
Weber State University. This study will identify existing chilled water
distribution conditions, new and existing cooling requirements, and
provide recommendations for the construction of a new central chilled
water plant.  The study will provide recommendations for new upgrades to
the existing chilled water distribution systems. Capacities of existing and
future buildings were taken from the Weber State University master plan.
These capacities and totals can be found in Sections 2 and 3.

B. Weber State University originally began as Weber State Academy in
1889.  It was made a State Junior College in 1933.  Weber State College
was updated to University status in 1991. Weber State University has
since experienced a steady growth of students and educational facilities.
The University is comprised of Thirty Six (36) main on-campus buildings,
and Ten (10) auxiliary buildings.  Among these buildings, Twenty One
(21) on-campus buildings are connected to the campus Central Chilled
Water Plant. This study will focus on the cooling requirements of the
existing buildings, future planned campus buildings, and projected load
increases. All discovered and known information will be summarized and
the findings incorporated into the design of a new Central Chilled Water
Plant.

C. The following are the main concerns, and recommendations for improving
the Existing Chilled Water Distribution System and the construction of a
new Future Central Chilled Water Plant:

1. The capacities of the existing three chillers and piping are
adequate to handle the existing connected demand.  See Section
3.4.  However, the existing campus pumping system has reached
its’ operating limits. Pumps must operate at full capacity to meet
current campus needs, without adequate back-up.  If a primary
pump is lost, the campus capacity is reduced by 50% of one
chiller.  This could be as much as 625 tons.  If a secondary pump
is lost, the entire campus cooling capacity will be reduced by 50%.

2. The capacities of the existing three chillers, cooling tower and
piping are adequate for the combined existing load and the
projected summer 2006 load as long as all three chillers are
operating. See Section 3.4. Pumping system will be inadequate as
it is currently operating. A higher chilled water Delta T needs to be
used to compensate for the lack of pump capacity at future peak
demands.

3. The capacities of the existing three chillers, pumps, cooling tower
and piping are not adequate for the combined existing connected
load, projected summer 2006 load and the future projected load.
See Sections 3.3 and 3.4.
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4. The new projected central chiller plant should be designed so that
a back-up chiller or combination of chillers will always provide the
capacity to cover the connected load.

5. Two of the existing chillers are manufactured by The Trane Co,
the third chiller by Carrier Corp. The Trane chillers are in good
condition and should be relocated to the new proposed central
chiller plant. The Carrier chiller is beyond ASHRAE’S
recommended service life and should be removed from service.

6. The different chiller combinations that are evaluated for the new
central chiller plant in Section 5.2 are as follows:

Combination A:

1) Chiller #1 – New 1500 Ton with VFD
2) Chiller #2 – Existing 1250 Ton Trane Unit
3) Chiller #3 – New 1500 Ton with optional VFD
4) Chiller #4 – Existing 650 Ton Trane Unit

Combination B:

1) Chiller #1 – New 2000 ton with VFD
2) Chiller #2 – Existing 1250 Ton Trane Unit
3) Chiller #3 – New 1250 ton
4) Chiller #4 – Existing 650 Ton Trane Unit

Combination C:

1) Chiller #1 – New 1500 ton with VFD
2) Chiller #2 – Existing 1250 Ton Trane Unit
3) Chiller #3 – New 1250 ton with optional VFD
4) Chiller #4 – Existing 650 Ton Trane Unit

Combination D:

1) Chiller #1 – New 2000 ton with VFD
2) Chiller #2 – Existing 1250 Ton Trane Unit
3) Chiller #3 – New 1500 ton
4) Chiller #4 – Existing 650 Ton Trane Unit

Combination E:

1) Chiller #1 – New 2000 ton with VFD
2) Chiller #2 – Existing 1250 Ton Trane Unit
3) Chiller #3 – New 1700 ton
4) Chiller #4 – Existing 650 Ton Trane Unit

Combination F:

1) Chiller #1 – New 1700 ton with VFD
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2) Chiller #2 – Existing 1250 Ton Trane Unit
3) Chiller #3 – New 1700 ton with optional VFD
4) Chiller #4 – Existing 650 Ton Trane Unit

7. Modify the campus chilled water loop as recommended in
Section 4.  This includes the following:
a. Incorporate a primary chilled water circulation loop for each

chiller.
b. Provide a secondary loop with new pumps and variable

frequency drives.  Incorporate the campus loop pipe
section modifications as part of the secondary loop.

c. Provide a separate “decoupled” chilled water loop for the
skybox and its’ associated loads.  Provide a plate and
frame heat exchanger and associated pumps and
specialties in the old chiller plant room to serve this loop.

8. Provide a new plate and frame heat exchanger to provide free
cooling by utilizing condenser water from the cooling tower without
activating the chillers.

9. Provide all new chilled and condenser water pumps with stand by
pumps for the chilled water and condenser water systems.

10. Provide an automated control system to match a sequence of
control approved by WSU.  An example of a sequence is as
follows:
a. The first stage of cooling when the outdoor temperature is

below 60 degrees F, shall be provided by the “Free
Cooling” ie. plate and frame exchanger and the cooling
tower.  This stage of cooling shall be provided until the
return water temperature can no longer be maintained.  At
this point, the “Free Cooling” shall be terminated and the
lead chiller shall start.

b. The lead chiller shall start and maintain operation until the
return water temperature continues to rise at which time a
return water temperature controller (adjustable) will start
the other chillers depending on the combination
recommended or approved by WSU.

11. The existing five cell cooling tower is not large enough to handle
the combination of the existing connected load, the projected
summer 2006 load, and the future projected load.

12. Provide a refrigerant detection, evacuation and personnel safety
system. See Section 6.4.

13. Design engineers shall use WSU and DFCM standards to
Architects and Engineers defining design criteria, equipment
approval, etc. for the new central chiller plant.

14. The new chilled water distribution system and condenser water
system within the new central chiller plant should be balanced by
an independent testing and balancing agency after the new
systems are installed.
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15. Based on Sections 3 and 5, we recommend for the new central
chilled water plant one of the following chiller combinations with
the associated equipment listed below:

a. Combination A

1) Chiller #1 – New 1500 ton with VFD
2) Chiller #2 – Existing 1250 Ton
3) Chiller #3 – New 1500 ton with optional VFD
4) Chiller #4 – Existing 650 Ton

b. Combination F

1) Chiller #1 – New 1700 ton with VFD
2) Chiller #2 – Existing 1250 Ton
3) Chiller #3 – New 1700 ton with optional VFD
4) Chiller #4 – Existing 650 Ton

c. Central Air Eliminator – Remove all existing building air
eliminators.

d. Central expansion tanks – Remove all existing building
expansion tanks.

e. Four inline mounted, constant volume chilled water primary
loop circulating pumps for the chillers.

f. Three main campus base mounted secondary distribution
pumps with variable frequency drives.

g. Three main condenser water pumps with variable
frequency drives.

h. Plate and frame heat exchanger for free cooling with an
automatic change over to mechanical cooling.

i. Cell addition to the existing cooling tower.
j. Automation System.
k. Re-using the existing 24 inch condenser water piping as

the new chilled water piping distribution system. See
Existing Campus Distribution Map Section 4.2 C.

D.  The recommendations included in this report are based off of the WSU
master plan information dated September 2005.  Because many
assumptions have been made concerning future buildings, i.e. future
loads, locations, etc., and because of future individual building design
changes, this report shall only be used as a guide and not a finished
design for future buildings.  WHW Engineering, Inc. assumes no design
liability for future modifications to the existing campus plan.  Equipment
sizing, pipe sizing, loop modifications, field verification of existing
conditions, and all other associated recommendations are the
responsibility of the future design teams to verify, calculate, and design at
the time of the associated future projects.
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SECTION 2 – HISTORY OF EXISTING CHILLED WATER SYSTEM

2.1 Central Chiller Plant Description

A. Plant Use and Identification

1. The central chiller plant, located in the
lower floor of the Science Lab Building, is
used to house the central chilled water
plant that distributes chilled water to 21
campus buildings.  The equipment space
is divided into two complete separate
rooms.

2. The existing central chilled water plant, located in the basement of the
Science Lab Building, was brought on line in 1969 with the first of two 650
ton lithium-bromide absorption chillers.  In 1977 a 1250 ton (Carrier)
centrifugal chiller was installed in a separate under floor mechanical room
located on the south side of the Science Lab; however this chiller was not
completely operational until 1988 at which time it became the primary
campus chiller. The absorption chillers were taken out of service and later
scrapped to make way for the installation of new future centrifugal
chillers.

3. In 1994 a Trane model CVHE 650 Ton, R123 centrifugal chiller was
installed in the east basement of the Science Lab to work in tandem with
the existing 1250 ton (Carrier) chiller.  The campus continued to expand
and all the antiquated “stand alone” chiller systems were scrapped
creating the need for a new chiller in the central chilled water plant.  A
new 1250 Ton R123 Trane chiller was purchased and installed in 2001.
Due to the additional condenser water demand placed on the existing
cooling tower, along with the deteriorated state of the existing towers, a
new five cell cooling tower was installed.  The new tower is located east
of the existing central chiller plant in an area north of the stadium and
east of the parking lot.
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B. Cooling Equipment – Northeast Chiller Room

1. The equipment installed in the Northeast chiller room consists of the
following:

Item 1: East side Chiller CH-2 – Trane Model CVHF-128,
1250 Ton, R-123 Refrigerant.

Item 2: West side Chiller CH-1 – Trane model CVHE 8890-
123, 650 Ton, R-123 Refrigerant.

Item 3: Expansion Tank – None

Item 4: Air Eliminator – None

Item 5: Chilled Water Pump P-11; Vertical Inline –  Armstrong
8x8x10; 1300 GPM @ 44 ft. Hd., 20  HP, 230/460 Volts,
1800 rpm.

Item 6: Chilled Water Pump P-12; Vertical Inline –  Armstrong
8x8x10; 1300 GPM @ 44 ft. Hd., 20  HP, 230/460 Volts;
1800 rpm.

Item 7: Chilled Water Pump P-13; Vertical Inline –  Armstrong
8x8x10; 1300 GPM @ 44 ft. Hd., 20  HP, 230/460 Volts;
1800 rpm.

Item 8: Chilled Water Pump P-14; Vertical Inline –  Armstrong
8x8x10; 1300 GPM @ 44 ft. Hd., 20  HP, 230/460 Volts;
1800 rpm.

Item 9: Condenser Water Pump. P-7 – Armstrong Vertical Inline
8x8x11.5, 1950 GPM @ 89 ft. Hd.; 60 HP;  230/460 Volts;
1770 rpm.

Item 10: Condenser Water Pump. P-8 – Armstrong Vertical Inline
8x8x11.5, 1950 GPM @ 89 ft. Hd.; 60 HP;  230/460 Volts;
1770 rpm.

Item 11: Condenser Water Pump. P-9 – Armstrong Vertical Inline
8x8x11.5, 1950 GPM @ 89 ft. Hd.; 60 HP;  230/460 Volts;
1770 rpm.

Item 12: Condenser Water Pump. P-10 – Armstrong Vertical Inline
8x8x11.5, 1950 GPM @ 89 ft. Hd.; 60 HP;  230/460 Volts;
1770 rpm.
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C. Cooling Equipment – Southwest Chiller Room

1. The equipment installed in the Southwest chiller room consists
of the following:

Item 1: Chiller CH-3 – Carrier model 19FA, 1250 Tons–R-500
Refrigerant.

Item 2: Chilled Water Pump P-1 – Bell & Gossett, Model VSCS,
3000 GPM @ 120 ft. Hd., 125 HP, 460 Volt., 3 phase.

Item 3:  Chilled Water Pump P-2 – Bell & Gossett, Model VSCS;
3000 GPM @ 120 ft. Hd., 125 HP, 460 Volt., 3 phase.

Item 4: Chilled Water Pump P-3 – Bell & Gossett, Model VSCS,
2733 GPM @ 45 ft. Hd., 60 HP, 230/460 Volt., 3 phase.

Item 5: Chilled Water Pump P-4 – Bell & Gossett, Model VSCS,
2108 GPM @ 75 ft. Hd., 60 HP, 230/460 Volts.

Item 6: Condenser Water Pump P-5 – Bell & Gossett VSCS, 2108
GPM, 75 ft. Hd., 60 HP, 230/460 Volt., 3 phase.

Item 7: Condenser Water Pump P-6 – Bell & Gossett VSCS, 2108
GPM, 75 ft. Hd., 60 HP, 230/460 Volt.  3 phase.

Item 8: Expansion Tank: Amtrol 1988, Vertical, size 1200-L; Model
116557, 12 PSI; two provided.

Item 9: VFD Drives for chilled water pumps, P-1 and P-2.
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2.3 EXISTING CAMPUS BUILDINGS LOAD SUMMARY

Building Name Gross Sq.
Feet

Connected to
Central Cooling

Plant

Gross Cooling
Tons GPM Future Planning

Building # 1 No 0 0 Demolish / Future New Bldg. 320 Tons

Building # 2 No 0 0 Demolish

Building # 3 No 0 0 Demolish

Building # 4 39897 Yes 119 286 Demolish / Future New Bldg. 320 Tons

Science Lab 112650 Yes 285 684 Future Additional 285 Tons

Lind Lecture 48200 Yes 133 320 None

Miller Administration 45147 Yes 179 430 None

Social Science 106327 Yes 346 830 None

Wattis Business 52269 Yes 118 284 None

McKay Education Building 67785 Yes 312 749 None

Heating Plant 6206 Yes 18 43 None

Technical Education 18163 Yes 54 130 Future Additional 271 Tons

Engineering Technology 72910 Yes 141 339 Future Additional 32 Tons

Allied Health Ph. 1 61198 Yes 132 316 None

Allied Health Ph. 2 27058 Yes 99 238 None

Student Services 82700 Yes 123 296 None

Shepherd  Union 172231 Yes 513 1232 S-06 Additional 40 Tons

Stewart Library 159276 Yes 389 933 S-06 Additional 15 Tons

Browning Center 160143 Yes 472 1133 None

Lampros Hall 18361 Yes 68 163 None

Kimball Visual Arts 70872 Yes 201 482 None

Stadium Offices 21247 Yes 93 223 None

HPEC 78846 Yes 208 499 None

Stadium Sky Box 39507 Yes 109 261 None

Campus Services No Future Additional 40 Tons

Swenson Gym No S-06 Additional 280 Tons

Track Locker Room Yes 15 36 None
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SECTION 3 – CENTRAL CHILLED WATER PLANT CONDITIONS

3.1 Introduction

A. The Existing Central Chiller Plant is located under the Science Lab Building #6
and consists of three centrifugal chillers. Two chillers are manufactured by Trane
Co., with capacities of 1250 and 650 Tons respectively. The third chiller is
manufactured by Carrier Corp., having a capacity of 1250 Tons.

The 650 Ton Trane chiller was installed in 1992, the 1250 Ton Trane unit in
2001. Trane chillers are in good condition. The Carrier chiller was installed in
1975 and is in fair to poor condition.

B. The following campus loads are indicated in both a numeric and graph format.

1. These loads include the existing campus load, the projected load for
summer 2006, and the projected overall future load. The total of these are
shown, as well as conclusions to the capacities required for both the new
and existing chilled water plants.

2. The loads include approximations for a campus central system diversity
factor. The campus currently sees around a 60% diversity factor.  This
means that the central plant peak operation is approximately 60% of the
sum of the individual building peak loads.  Because this is the current
campus diversity factor, it has been applied to the existing loads as well
as the summer of 2006 cooling loads; however, a 65% diversity factor is
being used for the entire campus after 2006.  This is done to add a safety
factor and give some future flexibility. As the University continues to grow
and develop, building schedules may change, new buildings may have
different load profiles, and the campus diversity factor may change.
When planning for a central chiller plant that is intended to serve the
campus needs for the unforeseeable future, we feel it prudent to use a
slightly higher diversity factor to account for some future flexibility.



3.2 CENTRAL PLANT LOAD REQUIREMENTS

Building
No. Building Name Area Sq. FT. MBH Gross Tons 10 T GPM Diversity

Factor Net Tons Net GPM

4 Building #4 39,897 1,430 119 286 60% 71.4 172
6 Science Lab 142,650 3,420 285 684 60% 171 410
7 Lind Lecture 48,200 1,600 133 319 60% 79.8 191

10 Miller Administration 45,147 2,152 179 430 60% 107.4 258
14 Social Science 106,327 4,150 346 830 60% 207.6 498
15 Wattis Business 52,269 1,420 118 283 60% 70.8 170
16 Education Building 67,785 3,744 312 749 60% 187.2 449
18 Heating Plant 6,206 216 18 43 60% 10.8 26
22 Technical Education 18,163 650 54 130 60% 32.4 78
23 Engineering Tech. 72,910 1,694 141 338 60% 84.6 203

          34a Allied Health PH.1 61,198 1,580 132 317 60% 79.2 190
          34b Allied Health PH.II 27,058 1,192 99 238 60% 59.4 143

35 Student services 82,700 1,480 123 295 60% 73.8 177
36 Shepherd Union 172,231 6,158 513 1231 60% 307.8 739
37 Stewart Library 159,276 4,667 389 934 60% 233.4 560
37 Browning Center 160,143 5,664 472 1133 60% 283.2 680
39 Lampros Hall 18,361 816 68 163 60% 40.8 98
40 Kimbal Visual Arts 70,872 2,409 201 482 60% 120.6 289
52 Stadium Offices 21,247 1,116 93 223 60% 55.8 134
51 HPEC 78,846 2,493 208 499 60% 124.8 299

Track Locker Rooms 180 15 36 60% 9 22
55 Stadium Skybox 39,507 1,305 109 262 60% 65.4 157

Sub-Total 1,490,993 49,536 4,127 9,905 60% 2,476 5,943

A. EXISTING BUILDING CONNECTED LOADS

Gross Tons per Building
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Building
No. Building Name Area Sq. FT. MBH Gross

Tons 10 T GPM Diversity
Factor Net Tons Net GPM

50 Swenson Gym 85,000 3,120 280 672 60% 168 403.2
36 Union Building Addition 14,000 480 40 96 60% 24 57.6
37 Library Addition 5,000 180 15 36 60% 9 21.6

Sub-Total 104,000 3,780 335 804 60% 201 482

B. PROJECTED SUMMER 2006 LOADS

2006 Additional Gross Tons
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Building
No. Building Name Area Sq. FT. MBH Gross

Tons 10 T GPM Diversity
Factor Net Tons Net GPM

New Humanities Classroom
Building 120,000 3,840 320 768 65% 208 499

22 Top Floor Cooling Addition
Tech Ed Building 69,813 3,252 271 650 65% 176.15 423

**New Classroom Building for
Buildings #3, #4 120,000 2,412 201 482 65% 130.65 314

Campus Service Building 8,040 480 40 96 65% 26 62
Engineering Tech. Bldg. A/C

Addition 10,503 384 32 77 65% 21 50

6 Science Lab Addition 113,000 3,420 285 684 65% 185.25 445
Sub-Total 441,356 13,788 1,149 2,758 65% 747 1792

**Additional load required for the replacement of Bldg #4 with the new Humanities Building.

C. PROJECTED FUTURE LOADS

Future Projected Gross Ton Additions
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3.3 CHILLER PLANT CAPACITY REQUIREMENT  SUMMARY

Chiller Manufacturer/Type Size (Tons) Line Loss Factor Total Tons

Trane Centrifugal Chiller 1,250 95% 1,188

Carrier Centrifugal Chiller 1,250 95% 1,188

Trane Centrifugal Chiller 650 95% 618

Total Existing Central Plant Capacity: 2993

A. EXISTING CENTRAL CHILLED WATER PLANT CAPACITY

Current Chiller Plant Capacity
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Connected Loads Area Sq. FT. MBH Gross
Tons 10 T GPM Diversity Net Tons Net GPM

Existing Campus Load 1,490,993 49,536 4,127 9,905 60% 2,476 5,943

Summer 2006 Projected Load 104,000 3,780 335 804 60% 201 482

Future Projected Load For Future
Buildings 441,356 13,788 1,149 2,758 65% 747 1792.44

Gross Totals 2,036,349 67,104 5,611 13,467 3,424 8,218

Overall Future Plant Capacity
Requirements Area Sq. FT. MBH Gross

Tons 10 T GPM Diversity Net Tons Net GPM

Overall Future Loads with New
Diversity 2,036,349 67,104 5,611 13,467 65% 3,647 8,753

Projected Gross Ton
Requirements

Req'd Gross
Tons

Req'd Net
Tons

Existing Campus Load 4,127 2,476

Summer 2006 Projected Load 4,462 2,677

Overall Future Projected Load 5,611 3,647

B. NEW REQUIRED CHILLED WATER PLANT CAPACITY
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3.4 Conclusion

1. The existing chiller capacity is capable of serving the needs of the existing connected
load:

Ø Existing connected load: 2,476 Tons
Ø Existing chiller plant capacity: 2,993 Tons
Ø Excess capacity: 517 Tons

2. The existing chiller capacity is capable* of serving the needs of the existing
connected load and the additional loads projected for the summer of 2006:

Ø Existing connected load & 2006 addition: 2,677 Tons
Ø Existing chiller plant capacity: 2,993 Tons
Ø Excess capacity: 316 Tons

*In order to meet this demand, all three chillers must be in operation and
functioning to capacity. In an event that any one of the three chillers fail, the
result would be a higher water temperature distribution system with significantly
less cooling at each individual building.

Note: Pumping system will be inadequate as it is currently operating. A higher
chilled water Delta T will need to be used in attempt to compensate for lack of
pumping capacity at peak loads.

3. The existing chiller capacity is not capable of serving the needs of the existing
connected load, the additional projected summer load of 2006, and the additional
future load.

Ø Total projected future load: 3,647 Tons
Ø Existing chiller plant capacity: 2,993 Tons
Ø Capacity insufficiency: 654 Tons
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SECTION 4 – CHILLED WATER CAMPUS DISTRIBUTION SYSTEM

4.1 Introduction

A. This section will describe the existing and future chilled water piping
distribution systems. This description includes maps, flow sheets, piping
analysis sheets, comparison sheets between existing and future piping
capacities, pipe sizing and recommendations.

B. The existing campus chilled water piping distribution system is a two pipe
direct return system.  Each building is equipped with two way valves or 3-
way valves operating as two way valves. Piping is routed both in tunnels
and directly buried.

C. The piping distribution system begins at the existing central chilled water
plant located under the Science lab building. The piping is routed west
where it separates into one branch going north and one going south.
Both branches turn and head west.  (See campus distribution map.)
Chilled water piping is also distributed east to the stadium.  The east side
of campus is the high point and the west the low point of the system.

D. See the central chilled water flow sheets this section for existing piping
arrangements.  Pipe flow analysis sheets, indicate existing and future
conditions.  Pipe section nodes show pipe size, GPM, and required tons
for that section of piping.  Supply and return chilled water piping is shown
on the map as one.

Tunnel to Kimball Arts

Tunnel to Student Services



4.2 CAMPUS PIPING AND PUMPING SYSTEMS

A. CHILLED WATER PIPE SECTION SUMMARY (see individual flow sheets and campus map for further detail)

Pipe 
Section

Existing 
Size Tons GPM Tons GPM Tons GPM Tons GPM

Recommended 
Minimum Future 

Size*

A-A.2
24" 

condenser 5611 13466 3647 8753 24"

B-B.1 6" 285 684 285 684 285 684 285 684 6"
B-B.2 4" 133 319 133 319 133 319 133 319 4"
B-S 6" 217 521 217 521 217 521 217 521 6"
S-S.2 6" 217 521 217 521 217 521 217 521 6"
S.3-S.4 4" 93 223 93 223 93 223 93 223 4"
S.2-S.3 4" 108 259 108 259 108 259 108 259 4"
S.2-S.5 4" 109 262 109 262 109 262 109 262 4"
S.3-S.6 2" 15 36 15 36 15 36 15 36 2"
A.2-T - - - - - 5611 13466 3647 8753 24"
T-T.1 - - - - - 285 684 285 684 6"
T-T.2 - - - - - 5326 12782 3462 8309 24"
T.2-C 20" 1133 2719 1133 2719 10"
BC 20" 3492 8381 2270 5448 - - - - abandon/remove
CB**** 10" 635 1524 635 1524 635 1524 635 1524 8"
CR 8" 195 468 195 468 498 1195 498 1195 8"
R-R.2 6" 141 338 141 338 173 415 173 415 5"
R-R.3 4" 54 130 54 130 325 780 325 780 6"
CD 20" 3297 7913 2143 5143
T.2-D 20" 4193 10063 2725 6541 18"
D-D.1 20" 3297 7913 2143 5143 4193 10063 2725 6541 18"
D.1-D.2 6" 132 317 132 317 132 317 132 317 5"
D.1-E 20" 3165 7596 2057 4937 4061 9746 2640 6335 18"
EQ 10" 696 1670 592 1420 991 2378 842 2022 10"
Q-Q.1 10" 389 934 389 934 404 970 404 970 8"
Q-Q.2 10" 307 737 307 737 587 1409 587 1409 8"
Q.2-Q.3 4" 99 238 99 238 99 238 99 238 4"
Q.2-Q.4 208 499 208 499 488 1171 488 1171 8"
Q.4-Q.5 5" 208 499 208 499 208 499 208 499 5"
Q.4-Q.6 (5" stub) - - - - 280 672 280 672 6"
EF 20" 2469 5926 1605 3852 3070 7368 1996 4789 18"
F-F.2 5" 119 286 119 286 320 768 320 768 6"
FG 18" 2350 5640 1528 3666 2750 6600 1788 4290 16"
GH 18" 1658 3979 1078 2586 2058 4939 1338 3210 12"
GP 8" 692 1661 588 1412 692 1661 588 1412 8"
P-P.2 5" 152 365 152 365 152 365 152 365 5"
P-P.3 8" 472 1133 472 1133 472 1133 472 1133 8"
P-P.4 4" 68 163 68 163 68 163 68 163 4"
HI 12" 685 1644 582 1397 725 1740 616 1479 8"
I-I.2 8" 361 866 361 866 401 962 401 962 8"
I.2-I.3 - - - - - 40 96 40 96 3"
IJ 12" 324 778 324 778 324 778 324 778 8"
J-J.2 5" 123 295 123 295 123 295 123 295 5"
JK 10" 201 482 201 482 201 482 201 482 6"
K-K.2 3" 51 122 51 122 51 122 51 122 3"
K-K.3 6" 150 360 150 360 150 360 150 360 5"
HL 12" 973 2335 827 1985 1333 3199 1133 2719 12"
LM 10" 525 1260 525 1260 525 1260 525 1260 8"
M-M.2 5" 179 430 179 430 179 430 179 430 5"
M-M.3 8" 346 830 346 830 346 830 346 830 8"
LN 8" 448 1075 381 914 808 1939 687 1648 8"
N-N.2 6" 118 283 118 283 118 283 118 283 4"
NO 8" 330 792 330 792 690 1656 690 1656 8"
O-O.2 8" 312 749 312 749 312 749 312 749 6"
O-O.2.5 2.5" 18 43 18 43 378 907 378 907 8"
O2.5-O.3 2.5" 18 43 18 43 58 139 58 139 3"
O.3-O.3.5 2.5" 18 43 18 43 18 43 18 43 2"
O2.5-O.5 - - - - - 320 768 320 768 6"
O.3-O.4 - - - - - 40 96 40 96 3"

*** Where section loads increase as a result of anticipated development, these new loads are shown in  italics.
**** A 20" pipe runs from B to C, and a 10" pipe runs back from C to B, so both sections are listed.

Chilled Water Pipe Section Summary

New configuration.  Becomes T.2-D and T.2-C
Existing pipe re-configured in future

Existing pipe re-configured in future

Existing pipe re-configured in future

Existing Net CHW 
Load**

Anticipated Future 
Net CHW Load**

** The net chilled water load for the pipe sections is based on approximate diversity factors at the different sections.   The individual building branch loads do 
not use a diversity factor.  The existing building loads are shown in blue.  The sub-mains that serve relatively few buildings do not use a diversity factor, and are 
shown in regular black.  The diversity factor for the main chilled water lines is approximated at 65%.  This is the same diversity as the central plant.  These 
loads are shown in magenta.  The diversity factor for the sub-mains serving large groups of buildings is approximated at 85%.  These loads are shown in 
green.   

* Based on anticipated future net load, using the 2005 campus master plan.  Pipe size recommendations are made using a maximum pressure drop of 
5.0'/100 ft and maximum velocity of 8.0'/sec.  The sizes and sections shown in red indicate either new sections of piping, or sections where the future 
recommended line size is larger than the existing line size.  These recommendations only apply to the current anticipated development.  If changes are made 
to the campus master plan, then recommended line sizes should be re-evaluated.

Existing Gross CHW 
Load

Anticipated Future 
Gross CHW Load***
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HEATING
PLANT

N

18 TONS
43 GPM

O3

EDUCATION
BLDG.

312 TONS
749 GPM

O2
O

N2

18 TONS
43 GPM
RS = 2"
ES = 2-1/2"
NCR

330 TONS
792 GPM
RS = 6"
ES = 8"
NCR 448 GROSS X 0.85 =

381 NET TONS
1075 GROSS X 0.85
= 914 NET GPM
RS = 8"
ES = 8"
NCR

WATTIS
BUSINESS
BLDG.
118 TONS
284 GPM

L H

973 GROSS X 0.85 = 827 NET TONS
2335 GROSS X 0.85 = 1985 NET GPM
RS = 10"
ES = 12"
NCR525 TONS

1260 GPM

M2

MILLER
ADMINISTRATION
BLDG.
179 TONS
430 GPM

M

M3

SOCIAL
SCIENCE

346 TONS
830 GPM

RS = 8"
ES = 8"
NCR

RS = 5"
ES = 5"
NCR

RS = 8"
ES = 10"
NCR

TO I

685 GROSS x 0.85 = 582 NET TONS
1644 GROSS X0.85 = 1397 NET GPM

1658 GROSS X 0.65 = 1078 NET TONS
3979 GROSS X 0.65 = 2586 NET GPM
RS = 12"
ES = 18"
NCR

TO G

RS = 4"
ES = 6"
NCR

RS = 6"

RS = REQUIRED PIPE SIZE
ES =  EXISTING PIPE SIZE
NCR = NO CORRECTIONS REQUIRED
CR = CORRECTIONS REQUIRED
GREEN = PARTIAL (85%) DIVERSITY
MAGENTA = FULL (65%) DIVERSITY
RED = RECOMMENDED CHANGES

B
. P

IP
E

 S
E

C
TIO

N
S

BRANCH #1 & #2 EXISTING
NOT TO SCALE



HEATING
PLANT

N

18 TONS
43 GPM

O3.5

EDUCATION
BLDG.

312 TONS
749 GPM

O2
O

N2

58 TONS
139 GPM

690 TONS
1656 GPM

808 GROSS X 0.85
= 687 NET TONS
1940 GROSS X 0.85
= 1648 NET GPM
RS = 8"
ES = 8"
NCR

WATTIS
BUSINESS
BLDG.
118 TONS
284 GPM

L H

525 TONS
1260 GPM

M2

MILLER
ADMINISTRATION
BLDG.
179 TONS
430 GPM

M

M3

SOCIAL
SCIENCE

346 TONS
830 GPM

CAMPUS
SERVICE

40 TONS
96 GPM

O4

NEW
HUMANITIES
BUILDING

320 TONS
768 GPM

O5378 TONS
907 GPM

1333 GROSS X 0.85 = 1133 NET TONS
3199 GPM X 0.85 = 2719 NET GPM
RS = 12"
ES = 12"
NCR

TO G

TO I
725 GROSS X 0.85 = 616 NET TONS
1740 GROSS X 0.85 = 1479 NET GPM
S06'

RS = 8"
ES = 10"
NCR

RS = 5"
ES = 5"
NCR

RS = 8"
ES = 8"
NCR

RS = 4"
ES = 6"

RS = 8"
ES = 8"
NCR

RS = 6"

RS = 8"
ES = 4"
CR

RS = 6"
ES = NONE

RS = 3"
ES = 2-1/2"
CR

02.503

RS = 2"
ES = 2-1/2"
NCR

RS = 3"
ES = NONE
CR

RS = REQUIRED PIPE SIZE
ES =  EXISTING PIPE SIZE
NCR = NO CORRECTIONS REQUIRED
CR = CORRECTIONS REQUIRED
GREEN = PARTIAL (85%) DIVERSITY
MAGENTA = FULL (65%) DIVERSITY
RED = RECOMMENDED CHANGES

2058 GROSS X 0.65 = 1338 NET TONS
4939 GROSS X 0.65 = 3210 NET GPM
RS = 12"
ES = 18"
NCR

BRANCH #1 & #2A FUTURE
NOT TO SCALE



H

SHEPHERD
UNION
BLDG

123 TONS
295 GPM
RS = 5"
ES = 5"
NCR

J

I2

I

STUDENT
SERVICES

J2324 TONS
778 GPM
RS = 8"
ES = 12"
NCR

361 TONS
866 GPM
RS = 8"
ES = 8"
NCR

201 TONS
482 GPM
RS = 5"
ES = 10"
NCR

KIMBALL
ARTS.

K

K3

K2

360 GPM
RS = 5"
ES = 6"
NCR
122 GPM
RS = 3"
ES = 3"
NCR

201 TONS
482 GPM

TO G

685 GROSS x 0.85 = 582 NET TONS
1644 GROSS X0.85 = 1397 NET GPM

RS = REQUIRED PIPE SIZE
ES =  EXISTING PIPE SIZE
NCR = NO CORRECTIONS REQUIRED
CR = CORRECTIONS REQUIRED
GREEN = PARTIAL (85%) DIVERSITY
MAGENTA = FULL (65%) DIVERSITY
RED = RECOMMENDED CHANGES

BRANCH #3 EXISTING
NOT TO SCALE



H

SHEPHERD
UNION
BLDG

123 TONS
296 GPM
RS = 5"
ES = 5"
NCR

J

I2

I

STUDENT
SERVICES

J2324 TONS
778 GPM
RS = 8"
ES = 12"
NCR

201 TONS
482 GPM
RS = 5"
ES = 10"
NCR

KIMBALL
APTS.

K

K2

401 TONS
962 GPM
RS = 8"
ES = 8"
NCR

361 TONS
866 GPM

40 TONS
96 GPM
S06
RS = 3"
ES = NONE
CR

201 TONS
482 GPM

G

360 GPM
RS = 5"
ES = 6"
NCR
122 GPM
RS = 3"
ES = 3"
NCR

K3

RS = REQUIRED PIPE SIZE
ES =  EXISTING PIPE SIZE
NCR = NO CORRECTIONS REQUIRED
CR = CORRECTIONS REQUIRED
GREEN = PARTIAL (85%) DIVERSITY
MAGENTA = FULL (65%) DIVERSITY
RED = RECOMMENDED CHANGES

725 GROSS X 0.85 = 616 NET TONS
1740 GROSS X 0.85 = 1479 NET GPM

S06'

I3

BRANCH #3A SUMMER 2006
NOT TO SCALE



G

UNION
BLDG.

P4
LAMPROS
HALL

P3 BROWNING
CENTER

472 TONS
1133 GPM
RS = 8"
ES = 8"

P

P2

68 TONS
163 GPM
RS = 4"
ES = 4"

692 GROSS X 0.85 =
588 NET  TONS
1661 GROSS X 0.85 =
1412 NET GPM
RS = 8"

152 TONS
365 GPM
RS = 5"
ES = 5"TO H

TO F

2350 GROSS X 0.65 = 1528 NET TONS
5640 GROSS X 0.65 = 3666 NET GPM
RS = 12" PRESENT
ES = 18"
2750 GROSS X 0.65 = 1788 NET TONS
6600 GROSS X 0.65 = 4290 NET GPM
RS = 16" FUTURE
NCR

1658GROSS X 0.65 = 1078 NET TONS
3979 GROSS X 0.65 =2586 NET GPM
RS = 12" PRESENT
ES = 18"
2058 GROSS X 0.65 = 1338 NET TONS
4939 GROSS X 0.65 = 3210 NET GPM
RS = 12" FUTURE
NCR

RS = REQUIRED PIPE SIZE
ES =  EXISTING PIPE SIZE
NCR = NO CORRECTIONS REQUIRED
CR = CORRECTIONS REQUIRED
GREEN = PARTIAL (85%) DIVERSITY
MAGENTA = FULL (65%) DIVERSITY
RED = RECOMMENDED CHANGES

BRANCH #4 EXISTING AND FUTURE
NOT TO SCALE



E

696 GROSS X 0.85 = 592 NET TONS
1670 GROSS X 0.85 = 1420 NET GPM
RS = 8"
ES = 10"

STEWART
LIBRARY

Q3

ALLIED
HEALTH
PHASE II

Q5HPEC.
GYM

208 TONS
499 GPM

Q4

208 TONS
499 GPM
RS = 5"

389 TONS
934 GPM
RS = 5"

Q

Q2

Q1

307 TONS
737 GPM
RS = 6"

99 TONS
238 GPM
RS = 4"

E

D1

D2

ALLIED
HEALTH
PHASE I

132 TONS
316 GPM
RS = 5"

3165 GROSS X 0.65 =
2057 NET TONS

7596 GROSS X 0.65 =
4937 NET GPM

RS = 16"
ES = 20"

NCR

TO F

2469 GROSS X 0.65 =
1605 NET TONS
5926 GROSS X 0.65 =
3852 NET GPM

TO D

RS = REQUIRED PIPE SIZE
ES =  EXISTING PIPE SIZE
NCR = NO CORRECTIONS REQUIRED
CR = CORRECTIONS REQUIRED
GREEN = PARTIAL (85%) DIVERSITY
MAGENTA = FULL (65%) DIVERSITY
RED = RECOMMENDED CHANGES

3297 GROSS X 0.65 =
2143 NET TONS

7913 GROSS X 0.65 =
5143 NET GPM

RS = 16"
ES = 20"

NCR

BRANCH #5 & #7 EXISTING
NOT TO SCALE



E

STEWART
LIBRARY

Q3

ALLIED
HEALTH
PHASE II

Q5HPEC.
GYM

208 TONS
499 GPM

Q4

488 TONS
1171 GPM
RS = 8"

404 TONS
970 GPM
RS = 8"

Q

Q2

Q1

587 TONS
1409 GPM
RS = 8"

Q6

SWENSON
GYM.

389 TONS
933 GPM

S06
15 TONS
36 GPM

S06
280 TONS
672 GPM

D1

D2

ALLIED
HEALTH
PHASE I

132 TONS
316 GPM
RS = 5"

RS = 6"

RS = 5"

TO F

TO D
99 TONS
238 GPM
RS = 4"

RS = REQUIRED PIPE SIZE
ES =  EXISTING PIPE SIZE
NCR = NO CORRECTIONS REQUIRED
CR = CORRECTIONS REQUIRED
GREEN = PARTIAL (85%) DIVERSITY
MAGENTA = FULL (65%) DIVERSITY
RED = RECOMMENDED CHANGES

4061 GROSS X 0.65 =
2640 NET TONS

9746 GROSS X 0.65 =
6335 NET GPM

RS = 18"
ES = 20"

NCR

3070 GROSS X 0.65 =
1996 NET TONS
7368 GROSS X 0.65 =
4789 NET GPM

4193 GROSS X 0.65 =
2725 NET TONS

10063 GROSS X 0.65
= 6541 NET GPM

RS = 18"
ES = 20"

NCR

991 GROSS X 0.85 = 842 NET TONS
2378 GROSS X 0.85 = 2022 NET GPM
RS = 10"
ES = 10"

BRANCH #5 SUMMER 2006
NOT TO SCALE



BLDG.
#4

FF2119 TONS
286 GPM

119 TONS
286 GPM
RS = 4"
ES = 5"

TO E
NEW
CLASSROOM
BUILDING 3
AND 4.

FF2

320 TONS
768 GPM
RS = 6"
ES = 5"
CR

TO E

TO G

320 TONS
768 GPM
FUTURE

TO G

RS = REQUIRED PIPE SIZE
ES =  EXISTING PIPE SIZE
NCR = NO CORRECTIONS REQUIRED
CR = CORRECTIONS REQUIRED
GREEN = PARTIAL (85%) DIVERSITY
MAGENTA = FULL (65%) DIVERSITY
RED = RECOMMENDED CHANGES

2350 GROSS X 0.65 = 1528 NET TONS
5640 GROSS X 0.65 = 3666 NET GPM
RS = 12" PRESENT
ES = 18"
NCR

2750 GROSS X 0.65 = 1788 NET TONS
6600 GROSS X 0.65 = 4290 NET GPM
RS = 16" FUTURE
ES = 18"
NCR

2469 GROSS X 0.65 =
1605 NET TONS
5926 GROSS X 0.65 =
3852 NET GPM

3070 GROSS X 0.65 =
1996 NET TONS
7368 GROSS X 0.65 =
4789 NET GPM
RS = 18"
ES = 20"
NCR

BRANCH #6A FUTUREBRANCH #6 EXISTING
NOT TO SCALE NOT TO SCALE



R3

R
R2

C

B2

VB

TECHNICAL
EDUCATION

ENGINEERING
TECHNICAL
EDUCATION

141 TONS
338 GPM

54 TONS
130 GPM

195 TONS
468 GPM
RS = 5"
ES = 8"
NCR

MANHOLE
635 TONS
1524 GPM
RS = 8"
ES = 10"

D

EXISTING VALVE
BOX

SCIENCE
LAB

285 TONS
684 GPM
RS = 6"
ES = 6"

350 TONS
841 GPM
RS = 8"
ES = 10"

LIND.
LECTURE
HALL

93 TONS
223 GPM
RS = 4"
ES = 4"

S4

S5

S6

STADIUM
OFFICES

TRACK/LOCKER
ROOM

STADIUM/
SKY BOX

108 TONS
260 GPM
RS = 4"
ES = 4"

109 TONS
262 GPM
RS = 4"
ES = 4"

15 TONS
36 GPM
RS = 2"
ES = 2"

133 TONS
320 GPM
RS = 4"
ES = 4"
NCR

217 TONS
521 GPM
RS = 6"
ES = 6"
NCR

RS = 3"
ES = 4"
NCR

RS = 5"
ES = 6"
NCR

TO D1

EXISTING

BB1

RS = REQUIRED PIPE SIZE
ES =  EXISTING PIPE SIZE
NCR = NO CORRECTIONS REQUIRED
CR = CORRECTIONS REQUIRED
GREEN = PARTIAL (85%) DIVERSITY
MAGENTA = FULL (65%) DIVERSITY
RED = RECOMMENDED CHANGES

3297 GROSS X 0.65 =
2143 NET TONS

7913 GROSS X 0.65 =
5143 NET GPM

3297 GROSS X 0.65 = 2143
NET TONS
7913 GROSS X 0.65 = 5143
NET GPM

S2

S3

BRANCH #8 & #9 EXISTING
NOT TO SCALE



R3

R
R2

C

B2

VB

FUTURE A/C
271 TONS
650 GPM

TECHNICAL
EDUCATION

325 TONS
780 GPM
RS = 6"
ES = 4"
CR

173 TONS
415 GPM
RS = 5"
ES = 6"
NCR

ENGINEERING
TECHNICAL
EDUCATION

141 TONS
339 GPM

FUTURE A/C
32 TONS
77 GPM

54 TONS
130 GPM

498 TONS
1195 GPM
RS = 8"
ES = 8"
NCR

MANHOLE
635 TONS
1524 GPM
RS = 8"
ES = 10"
NCR

D

1133 TONS
2719 GPM
RS = 10"
ES = 20"

EXISTING VALVE
BOX

T

SCIENCE
LAB

285 TONS
684 GPM
RS = 6"
ES = 6"
NCR

133 TONS
319 GPM

LIND.
LECTURE
HALL

FUTURE
SCIENCE
LAB. ADD.

285 TONS
684 GPM
RS = 6"
ES = NONE
CR

217 TONS
521 GPM
RS = 6"
ES = 6"
NCR

T1

EXISTING

BB1

133 TONS
319 GPM
RS = 4"
ES = 4"
NCR

CAP

RS = REQUIRED PIPE SIZE
ES =  EXISTING PIPE SIZE
NCR = NO CORRECTIONS REQUIRED
CR = CORRECTIONS REQUIRED
GREEN = PARTIAL (85%) DIVERSITY
MAGENTA = FULL (65%) DIVERSITY
RED = RECOMMENDED CHANGES

T2

TO A

5326 GROSS X 0.65 =
3462 NET TONS
12782 GROSS X 0.65
= 8309 NET GPM
RS = 24"
ES = NONE
CR

5611 GROSS X 0.65 =
3647 NET TONS
13466 GROSS X 0.65
= 8753 NET GPM
RS = 24"
ES = NONE
CR

93 TONS
223 GPM
RS = 4"
ES = 4"

S4

S5

S6

STADIUM
OFFICES

TRACK/LOCKER
ROOM

STADIUM/
SKY BOX

108 TONS
260 GPM
RS = 4"
ES = 4"

109 TONS
262 GPM
RS = 4"
ES = 4"

15 TONS
36 GPM
RS = 2"
ES = 2"

S2

S3

S

A2

4193 GROSS X 0.65 =
2725 NET TONS

10063 GROSS X 0.65
= 6541 NET GPM

RS = 18"
ES = 20"

NCR

5611 GROSS X 0.65 =
3647 NET TONS

13466 GROSS X 0.65
= 8753 NET GPM

RS = 24"
ES = NONE

CR

BRANCH #8A & #9A SUMMER 2006 AND FUTURE
NOT TO SCALE
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4.3  CHILLED WATER PUMPING SYSTEM SUMMARY

A. The existing chilled water plant pumping system consists of
primary pump loops for each chiller, and a secondary pump loop
for the campus:

1. Primary Loops:  There are two primary pumps for each chiller.  Each
pump in the Trane room is sized for approximately 50% of the chiller
capacity, or 1300 GPM each.  The two primary pumps in the Carrier room
are closer to 100% redundant.  Pump P-4 is sized for 2733 GPM and
pump P-3 is sized for 2108 GPM. Pump P-4 runs as the lead primary
pump, and pump P-3 runs as a manual back-up for the chilled water or
condenser water as necessary.

2. Secondary Loop:
a. Pumps P-1 and P-2 are the main campus pumps. Each is sized

for 3000 GPM and 120 ft of head.  Both pumps have Variable
Frequency Drives.

b. The VFD is ramped based on the worst case scenario of three
differential pressure sensors in the campus loop. Currently this
differential pressure has been set high enough to satisfy the
pressure demands of the Skybox and Kimball Fine Arts buildings.
This high pressure is causing problems at some of the buildings
closer to the plant and at lower elevations. Most of the relief
valves in these areas have been changed, or adjusted to handle
the higher pressure, but there are still occasional problems. In
addition, many of the buildings closer to the central plant have
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pressure reducing valves in the chilled water lines to protect
against this problem.

c. Both of P-1 and P-2 pumps need to operate simultaneously to
deliver 6000 GPM in order to meet the peak chiller capacity. In
fact, with a 10 degree delta T on the chilled water, the maximum
pumping capacity is closer to 2500 tons. This is approximately 490
tons less than the maximum chiller capacity.  In a case where the
campus load exceeds 2500 tons, it will be necessary to use a
larger delta T, and if possible, a colder supply water temperature
to meet that additional demand.

Existing Campus Load GPM

Ø Existing connected load: 5,943
Ø Chilled water pump capacity: 6,000
Ø Excess capacity: 57

Summer 2006 Load

Ø Projected summer 2006 load: 6,425
Ø Chilled water pump capacity: 6,000
Ø Capacity insufficiency: 425

Projected Future Load

Ø Projected future load: 8,753
Ø Chilled water pump capacity: 6,000
Ø Capacity insufficiency: 2,753

B. The individual buildings vary in their chilled water distribution systems. Some
buildings have main chilled water pumps, some have coil pumps, and some do
not have pumps.  Some of the pumps are running, and some have been shut-off
and bypassed.  See section 2.3 for an individual building load summary.

Chilled Water Pump
Student Services Building

Chilled Water Pump Removed
Administration Building

No Pumps – Piped Directly to Coils
Kimball Arts
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C. Chilled Water Pumping System Summary

1. The existing pumps in the Trane room are fairly new pumps and
are in good condition.  The existing pumps in the Carrier room are
older and in fair condition.

2. The existing campus pumping system has reached its’ operating
limits. It must operate at full capacity to meet current campus
needs, and does not have adequate back-up.  If a primary pump is
lost, the campus capacity is reduced by 50% of one chiller.  This
could be as much as 625 tons.  If a secondary pump is lost, the
entire campus cooling capacity will be reduced by 50%.

3. The individual building requirements of the Skybox and Kimball
Fine Arts buildings are requiring the campus loop to run at a higher
pressure than needed.
a. The static pressure in the system is a result of the elevation

difference between the highest point in the system and the lowest
point plus the system fill pressure.  Currently, the high point in the
system is the air handler at the top of the Skybox.  The elevation
of the 1st floor of the Skybox is approximately 4760 feet, and the
approximate elevation of the highest chilled water coil in the
skybox is approximately 4810 feet.  The lowest point in the system
is around the Business Building, Social Science Building, and
Administration Building.  The basement mechanical room
elevations are approximately 4600 feet.  This will result in a static
pressure of approximately 90 psig at the lowest point in the
system.  If the fill pressure is 10 psig higher than the static
resulting from elevation, then total static pressure of the system
will be around 100 psig at the lowest point in the system.

b. The pump pressure is 120 feet, or approximately 52 psig.  The
actual pressure at any point in the system will be the static
pressure plus the working pressure, minus the line losses.  The
low buildings in the system will have a pressure of 142 psig – line
losses from the pump to the building.  These line losses from the
pumps to these buildings will be around 10-15 psig.  This will
result in an overall pressure of approximately 137 – 142 psig at
these low points.  Some buildings have pressure reducing valves
that may limit this pressure, but some do not.  The flanges and
fittings in these buildings are rated at 125 psig.  There is a safety
factor, but it is definitely better to not use a safety factor, and
make the corrections in the system necessary to reduce the
overall pressure at these buildings below 125 psig.  This could be
done most effectively by de-coupling the high points, which is the
Skybox loop.  It may also be done by adding pressure reducing
valves at all of the lower points, but doing so, may result in the low
buildings not having enough pressure left over to return the water
to the central plant.

4. See Section 6 for new plant recommendations, as well as
pumping system recommendations.
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SECTION 5 – NEW CENTRAL CHILLED WATER PLANT OPTIONS

5.1 Introduction

A. This section provides six different chiller combinations and capacities for
the new central chilled water plant.

B. Options or recommendations for Free Cooling and Thermal Ice Storage
are also provided in this section.

C. The combination graphs indicate the different operational stages and the
corresponding capacity of the chillers at these stages.

D. See Appendix A.6 for chiller optimization and SPLV (System Part Load
Value efficiency) summaries.  These runs also have VFD (Variable
Frequency Drive) options and costs.



5.2 NEW CENTRAL CHILLED WATER PLANT CHILLER COMBINATIONS

New Central Chilled Water Plant Chiller Combinations: Combination A

Chiller # New/Existing Size (tons) VFD
CH-1 New 1500 Yes
CH-2 Existing 1250 No
CH-3 New 1500 Optional***
CH-4 Existing 650 No

Combination Capacity: 4900

Campus Peak
Tons Req'd

Combination
Capacity Excess Tons

3647 4900 1253

Stage Chillers Operating Standby
Chillers

Stage Chiller Ton
Capacity

0 0 1,2,3,4 0
1 1 2,3,4 1500
2 1,2 3,4 2750
3 1,3 2,4 3000
4 1,2,3 4 4250

*Chiller manufactures provide twin compressors for chillers over 1500 Tons.

**Plate and Frame Exchanger will be provided for the first stage of cooling during spring, winter, and fall
  See Appendix A.4 for cut sheets.

***See Appendix A.6. for option - Combination A and A-1 life cycle cost and optimization.

Combination A

0
1

2
3

4

Stage Peak Req'd Tons

Stage Chiller Ton Capacity
0

1000

2000

3000

4000

5000

Stage

To
ns

Stage Peak Req'd Tons
Stage Chiller Ton Capacity
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New Central Chilled Water Plant Chiller Combinations: Combination B

Chiller # New/Existing Size (tons) VFD
CH-1 New 2000 Yes
CH-2 Existing 1250 No
CH-3 New 1250 No
CH-4 Existing 650 No

Combination Capacity: 5150

Campus Peak
Tons Req'd

Combination
Capacity Excess Tons

3647 5150 1503

Stage Chillers Operating Standby
Chillers

Stage Chiller Ton
Capacity

0 0 1,2,3,4 0
1 1 2,3,4 2000
2 1,4 2,3 2650
3 1,2 3,4 3250
4 1,2,4 3 3900

*Chiller manufactures provide twin compressors for chillers over 1500 Tons.

**Plate and Frame Exchanger will be provided for the first stage of cooling during spring, winter, and Fall
  See Appendix A.4 for cut sheets.
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New Central Chilled Water Plant Chiller Combinations: Combination C

Chiller # New/Existing Size (tons) VFD
CH-1 New 1500 Yes
CH-2 Existing 1250 No
CH-3 New 1250 Optional***
CH-4 Existing 650 No

Combination Capacity: 4650

Campus Peak
Tons Req'd

Combination
Capacity Excess Tons

3647 4650 1003

Stage Chillers Operating Standby
Chillers

Stage Chiller Ton
Capacity

0 0 1,2,3,4 0
1 1 2,3,4 1500
2 1,2 3,4 2750
3 1,2,4 3 3400
4 1,2,3 4 4000

*Chiller manufactures provide twin compressors for chillers over 1500 Tons.

**Plate and Frame Exchanger will be provided for the first stage of cooling during spring, winter, and Fall
  See Appendix A.4 for cut sheets.

***See Appendix A.6 for option - Combination C and C-1 life cycle cost and optimization.
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New Central Chilled Water Plant Chiller Combinations: Combination D

Chiller # New/Existing Size (tons) VFD
CH-1 New 2000 Yes
CH-2 Existing 1250 No
CH-3 New 1500 No
CH-4 Existing 650 No

Combination Capacity: 5400

Campus Peak
Tons Req'd

Combination
Capacity Excess Tons

3647 5400 1753

Stage Chillers Operating Standby
Chillers

Stage Chiller Ton
Capacity

0 0 1,2,3,4 0
1 1 2,3,4 2000
2 1,4 2,3 2650
3 1,2 3,4 3250
4 1,2,4 3 3900

*Chiller manufactures provide twin compressors for chillers over 1500 Tons.

**Plate and Frame Exchanger will be provided for the first stage of cooling during spring, winter, and Fall
  See Appendix A.4 for cut sheets.
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New Central Chilled Water Plant Chiller Combinations: Combination E

Chiller # New/Existing Size (tons) VFD
CH-1 New 2000 Yes
CH-2 Existing 1250 No
CH-3 New 1700 No
CH-4 Existing 650 No

Combination Capacity: 5600

Campus Peak
Tons Req'd

Combination
Capacity Excess Tons

3647 5600 1953

Stage Chillers Operating Standby
Chillers

Stage Chiller Ton
Capacity

0 0 1,2,3,4 0
1 1 2,3,4 2000
2 1,2 3,4 3250
3 1,3 2,4 3700
4 1,3,4 2 4350

*Chiller manufactures provide twin compressors for chillers over 1500 Tons.

**Plate and Frame Exchanger will be provided for the first stage of cooling during spring, winter, and Fall
  See Appendix A.4 for cut sheets.
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New Central Chilled Water Plant Chiller Combinations: Combination F

Chiller # New/Existing Size (tons) VFD
CH-1 New 1700 Yes
CH-2 Existing 1250 No
CH-3 New 1700 Optional***
CH-4 Existing 650 No

Combination Capacity: 5300

Campus Peak
Tons Req'd

Combination
Capacity Excess Tons

3647 5300 1653

Stage Chillers Operating Standby
Chillers

Stage Chiller Ton
Capacity

0 0 1,2,3,4 0
1 1 2,3,4 1700
2 1,2 3,4 2950
3 1,2,4 3 3600
4 1,3,4 2 4050

*Chiller manufactures provide twin compressors for chillers over 1500 Tons.

**Plate and Frame Exchanger will be provided for the first stage of cooling during spring, winter, and Fall
  See Appendix A.4 for cut sheets.

***See Appendix A.6 for option - Combination F and F-1 life cycle cost and optimization.
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5.3 Chiller Combination Cost Comparison

A. Combination A – (Two VFD’s)

Approximate Chiller Cost: $1,043,000
Approximate System Part Load Value: 0.320 KW/Ton

Combination A-1 – (One VFD, One Constant)

Approximate Chiller Cost: $998,000
Approximate System Part Load Value: 0.352 KW/Ton

B. Combination B

Approximate Chiller Cost: $1,076,000
Approximate System Part Load Value: 0.393 KW/Ton

C.  Combination C

Approximate Chiller Cost: $957,000
Approximate System Part Load Value: 0.329 KW/Ton

D.  Combination D

Approximate Chiller Cost: $1,143,000
Approximate System Part Load Value: 0.352 KW/Ton

E. Combination E

Approximate Chiller Cost: $1,285,00
Approximate System Part Load Value: 0.337 KW/Ton

F. Combination F – (Two VFD’s)

Approximate Chiller Cost: $1,266,000
Approximate System Part Load Value: 0.293 KW/Ton

Combination F-1 – (One VFD, One Constant)

Approximate Chiller Cost: $1,197,000
Approximate System Part Load Value: 0.336 KW/Ton
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5.4  Plate and Frame Heat Exchanger (Free Cooling)

A. The campus is preparing to operate the chilled water system year round.
One possible option to achieve significant energy savings during cooler
periods such as winter, spring and fall is to use condenser water to cool
the chilled water loop.

B. The condenser water can be used to cool the chilled water loop
effectively through a Plate and Frame Heat Exchanger.  The exchanger
shall be sized  for the capacity of the 1st stage chiller, when outdoor air
wet bulb temperature is less than the chilled water set-point, minus the
approach temperatures of the heat exchanger and the cooling tower.

C. The cooling tower can bring the condenser water loop temperature close
to the outdoor wet bulb temperature.  If the condenser water is used to
maintain the normal chilled water set point of 45 degrees F, then the heat
exchanger loop can handle the load when outdoor air wet bulb
temperature is less than 40 degrees F.  In Ogden, Utah, this condition is
typically available from November through March, including ½ of April and
½ of October.  This is an overall total of approximately 6 months a year
where  the chilled water demand could be met without the use of the
chillers.

D. See recommendations Section 6.3 for further recommendations
regarding the plate and frame heat exchanger.  See section 6.2 B. for
associated pumping recommendations.

E. See Appendix A.4 for preliminary Plate & Frame Heat Exchanger
selection.

F. The change over between “free cooling” and mechanical cooling shall be
accomplished automatically using electronic 3-way valves, return water
temperature, and outdoor wet bulb temperature.

G. See Appendix A.6 for energy savings and approximate operating hours.
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5.5  Thermal / Ice Storage Option

A. Due to the high peak demand cost, Weber State University has asked
that the option for thermal storage be investigated. See Appendix A.5 for
product literature.

B. The new efficient chillers are much more reliable then their older
predecessors. See Appendix A.6 for KW/TON for part load
conditions of the chillers.

C. The principle behind chilled water storage is to produce and store ice
during off peak hours for use during the peak hours.  This reduces on-
peak electrical demand by shifting electrical demand to off-peak hours in
order to obtain on-peak cooling at close to off-peak costs.

D. A common design mistake in using this system is under sizing the chillers
so they are unable to handle the connected load when the ice storage
system is down.

E. The best ice making machines, if this is used in lieu of using the chillers,
can produce ice at 0.63 KW/TON.

F. Storage for the ice or chilled water consumes a large amount of real
estate.
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SECTION 6 – NEW CENTRAL CHILLER PLANT RECOMMENDATIONS

6.1 Recommended Central Chiller Plant Upgrades

A. Recommended Central Chiller Plant Chiller Combinations

1. Combinations “A” and “F” we feel are the best two choices for the
new Central Chilled Water Plant.

2. Combination “A”is recommended for the following reasons:
a. Using standard chiller sizes; not using two compressors

with a one pass machine. This will likely achieve a more
competitive bid and a lower initial cost per Ton.

b. Requires less physical space, leaving more room for
maintenance, etc.

c. Even though this combination does not provide 100%
back-up, it will provide sufficient back-up capacity (93%).

d. Lower life cycle cost.
e. This combination remains one of the more efficient

combinations, although not quite as efficient as
combination “F”.

3. Combination “F” is recommended for the following reasons:
a. More efficient (lower SLPV).
b. Total 100% back-up without having to install larger chillers.
c. Some chiller manufactures can supply the 1700 Ton chiller

using only one compressor; however, some manufactures
like Carrier might have a problem.

4. Life Cycle Cost Analysis

The life cycle cost analysis shows that chiller combination A-1 with
1 new 1500 ton chiller with a VFD and 1 new 1500 Ton chiller
without a VFD is the lowest cost for the 1st 5 years. Typically a life
cycle cost that does not pay back within 5 years is not considered;

Combo Peak kw/ton SPLV Overall Annual
Energy Cost Initial Cost Payback

Term (yrs)

Combo A 0.425 0.32 $157,389 $1,043,000 5.09
Combo A1 0.425 0.352 $166,233 $998,000 0.00
Combo F 0.4 0.293 $145,844 $1,197,000 9.76
Combo F1 0.405 0.336 $158,508 $1,152,000 19.94

Peak Demand $/KW $8.78
Operating $/KW $0.28634
Operating Hours/yr 5070

Life Cycle Cost Approximations
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however, with energy costs escalating, a payback term of 5.2
years is definitely worth considering.  Combinations F and F-1 are
not as economical according to the life cycle cost analysis.  The
advantage with combinations F and F-1 is the 100% back-up for
all conditions.  The University will need to decide which is a higher
priority, the life cycle cost or the 100% back up.  Based off of that
decision, the design team can then proceed with the combination
that best meets the University's highest priorities.

B. Cooling Tower Addition

1. A five (5) cell Cooling Tower, manufactured by Tower
Engineering, Inc. was installed at the end of 2000 and the
beginning of 2001. The cooling tower is located east of parking lot
W5 and north of the stadium on the crest of the hill. The total
cooling tower consists of three (3) cells located on the north side
and two (2) cells, with VFD drives, located on the south side.

2. Each of the cooling tower’s five (5) cells has a capacity of 700
Tons and 2100 GPM. The total capacity of the cooling tower is
3500 Tons and 10,500 GPM.

3. 24” condenser water piping is routed west and underground from
the tower basin to the existing central chilled water plant located in
the lower floor of the Science Lab Building.

4. The existing cooling tower capacity is not large enough to handle
the new proposed central chilled water plant.

5. Design options were discussed with Tower Engineering, Inc. The
following paragraphs are results of these discussions, as well as
our recommendations for adding capacity to the existing tower.

6. Since the installation of the new cooling tower, a maintenance
procedure was conducted in which the fill was removed, the tower
cells cleaned, and the fill replaced. The contractor however, did
not install the fill per the manufactures recommendations resulting
in lower tower efficiency.

3 Cell Side
2 Cell Side
with VFD

Two underground 24” condenser  water piping
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7. Tower Engineering, Inc., through their engineering technical
service department, came up with two options for increasing the
capacity of the existing cooling tower in order to meet the
increased load of the new central chiller plant.

a. Option 1:
1) Remove the entire existing ceramic tile from the existing

five (5) cell tower and replace with a new high performance
combination (HPC) ceramic plaster tile that is 30% more
efficient than the existing fill.

2) The HPC fill will increase the existing tower capacity from
700 Tons per cell to 900 Tons per cell. The total capacity
of the existing tower will increase from 3500 Tons to 4500
Tons. New fill shall be installed in accordance with Tower
Engineering instructions.

3) If the new HPC fill is used in all five (5) cells, only one (1)
additional 900 Ton cell would be required. The retrofitted
tower would become a six (6) cell tower with an overall
capacity of 5,400 Tons and 13,200 GPM.

b. Option 2:
1) Remove the entire existing ceramic tile from all five (5)

cells and replace with the same tile using the pattern
approved by Tower Engineering.

2) The capacity of the cooling tower after the fill is installed
properly is 3,500 Tons and 10,500 GPM.

2) Provide one (1) new 900 Ton cell with the (HPC) tile to the
existing five (5) cells with existing ceramic tile, making the
tower into a six (6) cell tower. The tower would then have
an overall capacity of 4,400 Tons and 13,200 GPM.

c. The peak capacity of the new condenser water system is
4,560 Tons and 10,950 GPM. Option 1 provides 5,400 Tons
and 13,200 GPM, adequately handling the peak demand.
Option 2 provides 4,400 Tons and 13,200 GPM which is
slightly less than demand in Tons, but adequate for GPM.
Option 1 provides back-up if one cell should fail. The excess
capacity in option 1 will also allow for increased chiller
capacity.

8. We recommend Option 1 for the following reasons:

Ø 30% more efficient cooling tower.
Ø Adequately handles the new system loads.
Ø Future available capacity.
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9. Cooling Tower capacity summary:

Existing Cooling Tower Capacity Ton GPM
700 Tons x 5 cells 3,500
2100 GPM x 5 cells 10,500
Totals 3,500 10,500

New Modified Tower Capacity Ton GPM
900 Tons x 5 cells 4,500
New 900 Ton additional cell 900
2100 GPM x 5 cells 10,500
2700 GPM additional cell 2,700
Totals 5,400 13,200

10. We also recommend a modification to the 24” condenser water
piping from the tower.  We recommend a new 24” condenser
water line be routed from the tower basin to the new central chilled
water plant.

11. The two existing 24” condenser water lines routed to the existing
central chilled water plant, located in the basement of the Science
Lab Building, will be re-used as the chilled water piping in the new
scheme.
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6.2 Recommended Campus Distribution System Upgrades

A. Campus Piping System Recommendations

1. Piping System Recommendations:

Leave the chilled water distribution system a secondary loop,
direct return system from the campus buildings to the central
chilled water plant.
a. Direct return piping is the most economical arrangement

because it requires a minimum amount of piping.
b. Friction, in the piping, is the principal source of operating

costs in closed water systems. This being the case, a
direct return system has less pipe friction than any other
equivalent system.

c. The direct return system is a simple system and the most
efficient pumping system for multiple building systems
with a central chilled water plant.

2. Central plant chiller room piping design guidelines:

a. Provide a primary loop system.
b. Install the piping so that the energy consumption of the

chillers is not increased. Chillers are more vulnerable to
incorrect installation due to the fact that their energy
consumption is greatly affected by the piping arrangement.

c. Arrange the piping so that all chillers receive the same
water temperature.

d. Insure that the required water flow through the chillers is
always maintained.

e. Install the chillers and piping in accordance with the
manufacturer’s instructions and recommendations.

3. Remove and replace the undersized chilled water piping, located
in the existing campus distribution system noted in Section 4.2 A.

B. Campus Pumping System Recommendations

1. The new central chilled water plant should consist of four (4)
chillers and one (1) plate and frame heat exchanger.

2. Primary (Chiller) Pumps:  Each chiller and the plate and frame
heat exchanger shall have a dedicated primary constant volume
in-line pump.  The primary pumps, serving the plate and frame
exchanger and one (1) of the large chillers, shall have a manual
bypass allowing each pump to back up the other in case of pump
failure.

3. Secondary (Campus) Pumps: The campus loop shall be served by
three (3) base mounted vertical or horizontal split case pumps.
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a. Each pump shall be sized for 50% of the overall future net
load, or approximately 4377 GPM per pump.  The overall
head pressure shall be designed to meet the needs of the
Skybox and Kimball buildings. This arrangement allows
one (1) pump to fail, while the remaining pumps still
provide 100% of the capacity.  It will also allow 1 pump to
handle the campus load when the demand is less than
50% of the overall peak.

b. Each pump shall have a variable frequency drive. The VFD
shall run off a differential static pressure sensor. This
sensor shall be located in the tunnels between the
Business building and the Student Service Center.  The
differential pressure shall be set to meet the design flow
rates required at the longest runs, which is currently the
Kimball building.  In the future, if pumps are added at this
building, or if another building is added at a longer run,
then the differential pressure set-point shall be re-set to
meet the needs at the new longest run.

4. Tertiary (Building) Pumps: The buildings that are connected to the
campus chilled water loop should be modified to be consistent
across campus.   Each building should have building chilled water
pumps with variable frequency drives, and two way automatic
valves.  In addition:

a. Tertiary pumps should be added at buildings that
currently do not have pumps, as well as at all new
buildings.  Tertiary pumps shall be repaired or replaced at
buildings where they are already installed.  Variable
frequency drives shall be provided for these existing or
replaced pumps.  As tertiary pumps are added at the pump
pressure critical path (lines with the highest pressure
requirements), the secondary pump differential pressure
set-point should be re-adjusted by a qualified Test and
Balance Contractor to meet new pressure requirements.
This will be determined by setting the differential pressure
to maintain design flow at the buildings with the greatest
pressure requirements.  The buildings with the greatest
pressure requirements will be those with the longest runs,
and those without tertiary pumping systems.

 b. Automatic Bypass:  Because of the existing conditions at
each building, the new secondary pumps will be sized for
the current largest pressure requirements.  This pressure
is adequate to provide the full chilled water flow at most
buildings, and as a result, their tertiary pumps have been
permanently bypassed.  Existing manual bypasses shall be
replaced with automatic bypasses.  Buildings that do not
currently have a bypass, as well as new buildings, shall be
provided with an automatic bypass.  This bypass shall
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include a 3-way valve upstream of the chilled water pump.
This valve shall be controlled by the BMS.  It shall bypass
the pumps when the central pumping system is capable of
meeting the chilled water demand.  This shall be measured
by chilled water return temperature.  When the campus
pumping system cannot meet the building chilled water
demand, the bypass shall open to the pump, and the
building chilled water pump VFD shall modulate to meet
demand.

c. The first location to add the tertiary pumps is the Kimball
Fine Arts building, because it is currently the longest run.
Adding tertiary pumps at this building could reduce the
overall system pressure requirements by as much as10-15
psig.  If the campus chilled water loop goes to year round
operation, this could save as much as $10,000 per year in
pump energy costs.

d. The addition of the tertiary pumps and automatic bypass
valves will give better building control, more flexibility, and
better energy efficiency; however, these changes are not
required immediately.  The secondary loop will be
designed to handle the existing system as is, allowing the
changes to the building pumps to be made in the future as
desired by the University.

5. Skybox Pump Loop:
a. The skybox buildings should be completely de-coupled

from the rest of the campus chilled water loop.  This can be
done by providing a plate and frame heat exchanger at the
old chiller room under the Science building.  One side of
the plate and frame will be fed by the campus system.  The
other side will be an entirely separate loop with two 100%
redundant pumps, including air separator, expansion tank,
water make-up, chemical treatment, etc.  This pump loop
can be tied into the existing 6” line that runs from the
science building to the skybox buildings.  This loop and its
associated equipment shall be sized for the 217 tons and
521 GPM required at the skybox buildings.  The plate and
frame exchanger shall be sized with the ability to add
plates in the future for increased capacity.

b. The new chiller plant location will be at an elevation of
approximately 4750 feet.  De-coupling the Skybox loop at
the old plant will reduce the static pressure in the system
by 60 feet, or approximately 26 psig.  The additional line
losses for the new plant location could be as high 30 feet,
or 13 psig.  Half of that will need to be added to the
working pressure at the lower buildings to get the water
back to the plant, and half of that will be lost between the
plant and the buildings.  In summary, after de-coupling the
Skybox, and re-locating the chiller plant, the worst case
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scenario total overall pressure at the lower buildings would
be approximately 118 – 123 psig.

c. This total overall pressure at the low buildings could be
further reduced by adding the tertiary pumps at the Kimball
Fine Arts Building.  Such pumps could reduce the system
working pressure by an additional 10-15 psig.

6. Condenser Water Pumps: Provide 3 condenser water pumps with
variable frequency drives. These pumps shall be sized for 50% of
the overall condenser water load.  The VFD shall modulate to
maintain minimum flows at each chiller.  This shall be coordinated
with the chiller manufacturer, and integrated into the chiller
controls.
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6.3  Plate and Frame Heat Exchanger – Free Cooling

A. We recommend the installation of a plate and frame heat exchanger in
the new central chilled water plant for free cooling.

1. The plate and frame heat exchanger, pumps and piping are to be
routed in a parallel bypass circuit with the new chillers.  Size the
plate and frame for 1500 tons of free cooling at design conditions.
The chiller optimizer runs found in Appendix A.6 are very
favorable for the free cooling option.

2. The Design parameters recommended for free cooling are as
follows:

a. Select plate and frame exchanger at no more than two
degrees F. approach.

b. Pressure drop on chilled water side and condenser water
side through the plate and frame exchanger shall match
the pressure drop through the chillers.

c. Provide automatic change over between the free cooling
(evaporation) and the mechanical chilling cycles.  The
reason for the automation is that with automation the
system will take advantage of every occurrence when
outdoor conditions are suitable for free cooling.

B. We recommend the following change over sequence:

1. Cycle Changeover (Mechanical to Evaporative) –

a. When wet bulb temperature is less than the chilled water
set point minus the approach temperatures of the plate
and frame heat exchanger and cooling tower the following
sequence will occur:
1) Chillers are stopped.
2) Chilled water pump continues to run.
3) Condenser auto valve on lead chiller is open to

plate and frame heat exchanger.
4) Cooling tower set point is changed to chilled water

supply set point to cool the condenser water loop.
5) When condenser water supply temperature is less

than the chilled water return temperature, the lead
chiller’s chilled water auto valve is open to the plate
and frame heat exchanger.

2. Cycle Changeover (Evaporative to Mechanical) –

a. When wet bulb temperature plus the approach
temperatures of the plate and frame heat exchanger and
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the cooling tower is greater than the chilled water supply
set point, the:
1) Lead chiller water auto valve will open to chiller.
2) Cooling tower set point will change to the

mechanical cycle set point.
3) Lead chiller will start.
4) Lead chiller auto damper condenser valve will

modulate to maintain the required head pressure.
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6.4 Refrigeration Safety

A. Owner Liability

1. As an owner and user of refrigerants, DFCM, the engineer, and
Weber State University are automatically liable for the
requirements of ASHREA 15-1994 by being aware of the
standard.  In any new chiller equipment rooms, ASHRAE 15-1994
automatically applies.

2. ASHREA15-1994 requires that all chilled water plants be provided
with some means for detecting and evacuating refrigerants from
the space.

B. Room Evacuation and Ventilation

1.  The new central cooling plant room must have a mechanical
exhaust system interconnected to the refrigerant detector/sensor
so that when the exposure limit of refrigerant is exceeded, an
alarm will sound and the exhaust fan will activate.  The ASHRAE
formula for sizing ventilation capacities is Q= 100 x G0.5 where Q=
air flow CFM and G= mass of refrigerant in lbs.

C. Emergency Breathing Apparatus

1. A self-contained breathing apparatus (SCBA) must be provided at
entrances to the chiller room located on the outside of the room.
The SCBA must be worn anytime the sensor has alarmed and
someone needs to enter the room for any reason.

D. Chiller Room Requirements

1. Provide tight seal doors at any entrance into the new chiller plant.
2. All purge lines and relief devices from the chillers shall vent

outside on the roof.  Relief discharge must be located not less
than 20 feet from ventilation openings and not less than 15 feet
above ground level.

3. ASHRAE 15-1994 specifies that access to the chiller room should
be restricted to authorized personnel.

4. Provide sensor/detectors in the chiller room at the noted locations:
1) between the chillers at floor level.
2) Refrigerant storage – floor area.
3) Any point lower than floor.

5. Provide requirements noted in paragraph B-1 for chiller room
evacuation.

6. Provide requirements noted in paragraph C-1 for self-contained
breathing apparatus.

E. Refrigerant Storage
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1. The total amount of refrigerant stored without relief valves piped in
accordance with ASHRAE 15-1994 standard must not exceed 330
pounds.



7.1 A.
Item Description Amount Units Materials Labor Cost Total

Demolition
Chiller - Carrier 1 LS 3,500.00$ 3,500.00$ 3,500.00$
Chiller - 1250 Ton Relocation 1 LS 25,240.00$ 25,240.00$ 25,240.00$
Chiller - 650 Ton Relocation 1 LS 20,240.00$ 20,240.00$ 20,240.00$
Piping 1 LS 3,000.00$ 3,000.00$ 3,000.00$
Pumps, Ex. Tanks, Electrical, Controls
Softener 1 LS 23,000.00$ 23,000.00$ 23,000.00$

Concrete
Concrete Pads 36 CU. YD. 144.00$ 66.00$ 210.00$ 7,560.00$

Cooling Tower
Cooling Tower 1 EA 225,000.00$ 100,000.00$ 325,000.00$ 325,000.00$

Meters and Gauges
Thermometers 40 EA 90.00$ 12.00$ 102.00$ 4,080.00$
Pressure Gauges 40 EA 36.00$ 34.00$ 70.00$ 2,800.00$
Thermowells 30 EA 32.00$ 25.00$ 57.00$ 1,710.00$

Supports and Anchors
Pipe Hangers 96 EA 61.00$ 15.00$ 76.00$ 7,296.00$
Pipe Supports 30 EA 200.00$ 7.00$ 207.00$ 6,210.00$
Flanges/Wall Supports @ Penetrations 4 EA 920.00$ 203.00$ 1,123.00$ 4,492.00$

Electrical
VFD 250 HP 3 EA 27,380.00$ 3,100.00$ 30,480.00$ 91,440.00$
VFD 100 HP 4 EA 11,715.00$ 1,600.00$ 13,315.00$ 53,260.00$
VFD 60 HP 1 EA 8,458.00$ 1,425.00$ 9,883.00$ 9,883.00$
VFD 30 HP 1 EA 4,675.00$ 975.00$ 5,650.00$ 5,650.00$
VFD 20 HP 1 EA 3,300.00$ 735.00$ 4,035.00$ 4,035.00$

Mechanical Identification
Painting 1 LS 2,500.00$ 1,800.00$ 4,300.00$ 4,300.00$
Valve Tags 90 EA 50.00$ 50.00$ 100.00$ 9,000.00$
Name Plates 20 EA 40.00$ 60.00$ 100.00$ 2,000.00$

Insulation
Pump Casings 1 LS 1,800.00$ 600.00$ 2,400.00$ 2,400.00$
Chilled Water Piping 800 LF 9.00$ 8.00$ 17.00$ 13,600.00$
Equipment 1 LS 1,600.00$ 900.00$ 2,500.00$ 2,500.00$

Plumbing
Water Make-Up C/W (all assoc. valves) 1 LS 300.00$ 300.00$ 600.00$ 600.00$
Water Piping, Valves, Insulation 1 LS 13,000.00$ 13,000.00$

Pumps
Condenser Water - Chilled Water Main -
Chilled Water Circulators 10 LS 200,578.00$ 65,968.00$ 266,546.00$ 266,546.00$
Sky Box Pumps 2 EA 6,900.00$ 2,000.00$ 8,900.00$ 17,800.00$

Chiller/Equipment
1500 Ton Chiller W/VFD 2 EA 521,500.00$ 21,700.00$ 543,200.00$ 1,086,400.00$
Air Eliminator 1 EA 30,736.00$ 2,500.00$ 33,236.00$ 33,236.00$
Expansion Tank 1 EA 25,147.00$ 1,000.00$ 26,147.00$ 26,147.00$
Sky Box Plate & Frame, Piping, Ex. Tank,
Air Eliminator 1 LS 45,679.00$ 9,300.00$ 54,979.00$ 54,979.00$

Water Treatment
Condenser Water -
Treatment,Chemicals,Pumps,Piping,
Valves 1 LS 3,000.00$ 2,000.00$ 5,000.00$ 5,000.00$

Hydronic Piping
Chilled and Condenser Water Piping &
Valves 1 LS 398,000.00$ 398,000.00$

WEBER STATE UNIVERSITY
CHILLED WATER STUDY COST ESTIMATE - Preliminary Opinion of Probable Costs

CHILLER PLANT - Combination A

WEBER STATE UNIVERSITY CENTRAL CHILLER PLANT STUDY
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7.1 A.
Item Description Amount Units Materials Labor Cost Total

WEBER STATE UNIVERSITY
CHILLED WATER STUDY COST ESTIMATE - Preliminary Opinion of Probable Costs

CHILLER PLANT - Combination A

Test & Balance
Chillers 4 EA 500.00$ 500.00$ 2,000.00$
Pumps 10 EA 250.00$ 250.00$ 2,500.00$
Exchanger 1 EA 300.00$ 300.00$ 300.00$
Cooling Tower 6 EA 320.00$ 320.00$ 1,920.00$
Misc. O&M Manuals 4 EA 400.00$ 400.00$ 1,600.00$

Controls
Automation System 1 LS 138,600.00$ 71,400.00$ 210,000.00$ 210,000.00$

ASHRAE 15-94
Panel, Sensors, Leads, F.A. Ductwork,
Damper, Exhaust Fan 1 LS 30,000.00$ 15,000.00$ 45,000.00$ 45,000.00$

Sub-Total 2,797,224.00$
15% O & H 419,583.60$

Total 3,216,807.60$

WEBER STATE UNIVERSITY CENTRAL CHILLER PLANT STUDY
WHW ENGINEERING INC. – 2005
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7.1 B.
Item Description Amount Units Materials Labor Cost Total

Demolition
Chiller - Carrier 1 LS 3,500.00$ 3,500.00$ 3,500.00$
Chiller - 1250 Ton Relocation 1 LS 25,240.00$ 25,240.00$ 25,240.00$
Chiller - 650 Ton Relocation 1 LS 20,240.00$ 20,240.00$ 20,240.00$
Piping 1 LS 3,000.00$ 3,000.00$ 3,000.00$
Pumps, Ex. Tanks, Electrical, Controls
Softener 1 LS 23,000.00$ 23,000.00$ 23,000.00$

Concrete
Concrete Pads 36 CU. YD. 144.00$ 66.00$ 210.00$ 7,560.00$

Cooling Tower
Cooling Tower 1 EA 100,000.00$ 225,000.00$ 325,000.00$ 325,000.00$

Meters and Gauges
Thermometers 40 EA 90.00$ 12.00$ 102.00$ 4,080.00$
Pressure Gauges 40 EA 36.00$ 34.00$ 70.00$ 2,800.00$
Thermowells 30 EA 32.00$ 25.00$ 57.00$ 1,710.00$

Supports and Anchors
Pipe Hangers 96 EA 61.00$ 15.00$ 76.00$ 7,296.00$
Pipe Supports 30 EA 200.00$ 7.00$ 207.00$ 6,210.00$
Flanges/Wall Supports @ Penetrations 4 EA 920.00$ 203.00$ 1,123.00$ 4,492.00$

Electrical
VFD 250 HP 3 EA 27,380.00$ 3,100.00$ 30,480.00$ 91,440.00$
VFD 100 HP 4 EA 11,715.00$ 1,600.00$ 13,315.00$ 53,260.00$
VFD 60 HP 1 EA 8,458.00$ 1,425.00$ 9,883.00$ 9,883.00$
VFD 30 HP 1 EA 4,675.00$ 975.00$ 5,650.00$ 5,650.00$
VFD 20 HP 1 EA 3,300.00$ 735.00$ 4,035.00$ 4,035.00$

Mechanical Identification
Painting 1 LS 2,500.00$ 1,800.00$ 4,300.00$ 4,300.00$
Valve Tags 90 EA 50.00$ 50.00$ 100.00$ 9,000.00$
Name Plates 20 EA 40.00$ 60.00$ 100.00$ 2,000.00$

Insulation
Pump Casings 1 LS 1,800.00$ 600.00$ 2,400.00$ 2,400.00$
Chilled Water Piping 800 LF 9.00$ 10.00$ 19.00$ 15,200.00$
Equipment 1 LS 1,600.00$ 1,000.00$ 2,600.00$ 2,600.00$

Plumbing
Water Make-Up C/W (all assoc. valves) 1 LS 300.00$ 300.00$ 600.00$ 600.00$
Water Piping, Valves, Insulation 1 LS 13,000.00$ 13,000.00$

Pumps
Condenser Water - Chilled Water Main -
Chilled Water Circulators 10 LS 200,578.00$ 65,968.00$ 266,546.00$ 266,546.00$
Sky Box Pumps 2 EA 6,900.00$ 2,000.00$ 8,900.00$ 17,800.00$

Chiller/Equipment
1700 Ton Chiller W/VFD 2 EA 609,000.00$ 24,000.00$ 633,000.00$ 1,266,000.00$
Air Eliminator 1 EA 30,736.00$ 2,500.00$ 33,236.00$ 33,236.00$
Expansion Tank 1 EA 25,147.00$ 1,000.00$ 26,147.00$ 26,147.00$
Sky Box Plate & Frame, Piping, Ex. Tank,
Air Eliminator 1 LS 45,679.00$ 9,300.00$ 54,979.00$ 54,979.00$

Water Treatment
Condenser Water -
Treatment,Chemicals,Pumps,Piping,
Valves 1 LS 3,000.00$ 2,000.00$ 5,000.00$ 5,000.00$

Hydronic Piping
Chilled and Condenser Water Piping &
Valves 1 LS 420,000.00$ 420,000.00$

WEBER STATE UNIVERSITY
CHILLED WATER STUDY COST ESTIMATE - Preliminary Opinion of Probable Costs

CHILLER PLANT - Combination F

WEBER STATE UNIVERSITY CENTRAL CHILLER PLANT STUDY
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7.1 B.
Item Description Amount Units Materials Labor Cost Total

WEBER STATE UNIVERSITY
CHILLED WATER STUDY COST ESTIMATE - Preliminary Opinion of Probable Costs

CHILLER PLANT - Combination F

Test & Balance
Chillers 4 EA 500.00$ 500.00$ 2,000.00$
Pumps 10 EA 250.00$ 250.00$ 2,500.00$
Exchanger 1 EA 300.00$ 300.00$ 300.00$
Cooling Tower 6 EA 320.00$ 320.00$ 1,920.00$
Misc. O&M Manuals 4 EA 400.00$ 400.00$ 1,600.00$

Controls
Automation System 1 LS 138,600.00$ 71,400.00$ 210,000.00$ 210,000.00$

ASHRAE 15-94
Panel, Sensors, Leads, F.A. Ductwork,
Damper, Exhaust Fan 1 LS 30,000.00$ 15,000.00$ 45,000.00$ 45,000.00$

Sub-Total 3,000,524.00$
15% O & H 450,078.60$

Total 3,450,602.60$

WEBER STATE UNIVERSITY CENTRAL CHILLER PLANT STUDY
WHW ENGINEERING INC. – 2005
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7.2
Item Description Amount Units Materials Labor Cost Total

Supports and Anchors
Pipe Hangers 10 EA 61.00$ 15.00$ 76.00$ 760.00$

Mechanical Identification
Valve Tags 8 EA 50.00$ 50.00$ 100.00$ 800.00$
Name Plates 2 EA 40.00$ 60.00$ 100.00$ 200.00$

Insulation
Chilled Water Piping 160 LF 9.00$ 8.00$ 17.00$ 2,720.00$

Exchanger
Plate & Frame Exchanger 1 EA 90,000.00$ 11,000.00$ 101,000.00$ 101,000.00$

Hydronic Piping
Chilled Water 160 LF 88.00$ 48.00$ 136.00$ 21,760.00$
Condenser Water 160 LF 88.00$ 48.00$ 136.00$ 21,760.00$

Test & Balance
Cooling Tower 6 EA 320.00$ 320.00$ 1,920.00$
Condenser Water System 1 EA 300.00$ 300.00$ 300.00$

Controls
Chilled Water System 1 LS 2,000.00$ 3,000.00$ 5,000.00$ 5,000.00$
Condenser Water System 1 LS 3,300.00$ 3,700.00$ 7,000.00$ 7,000.00$

Sub-Total 163,220.00$
15% O & H 24,483.00$

Total 187,703.00$

WEBER STATE UNIVERSITY
CHILLED WATER STUDY COST ESTIMATE - Preliminary Opinion of Probable Costs

Plate & Frame Exchanger (Free Cooling) Recommendation

WEBER STATE UNIVERSITY CENTRAL CHILLER PLANT STUDY
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7.3
Item Description Amount Units Materials Labor Cost Total

Demolition
Piping 1 LS 10,000.00$ 10,000.00$ 10,000.00$

Mechanical Identification
Painting 1 LS 200.00$ 200.00$ 400.00$ 400.00$
Valve Tags 1 EA 50.00$ 50.00$ 100.00$ 100.00$

Insulation
Chilled Water Piping 1000 LF 9.00$ 8.00$ 17.00$ 17,000.00$

Water Treatment
Flushing and Filling 1 LS 1,000.00$ 900.00$ 1,900.00$ 1,900.00$

Hydronic Piping
Chilled and Condenser Water Piping &
Valves 1000 LF 100.00$ 60.00$ 160.00$ 160,000.00$

Sub-Total 189,400.00$
15% O & H 28,410.00$

Total 217,810.00$

WEBER STATE UNIVERSITY
CHILLED WATER STUDY COST ESTIMATE - Preliminary Opinion of Probable Costs

Campus Piping System For Future Connected Load
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7.4
Combination A
Item Description Sub-Total 15% O & H Total

Chiller Plant
Chiller Plant - Combination A 2,797,224.00$ 419,583.60$ 3,216,807.60$

Plate & Frame Recommendation
Plate & Frame Exchanger (Free Cooling) 163,220.00$ 24,483.00$ 187,703.00$

Campus Piping System For Future Connected Load
Future Connected Load 189,400.00$ 28,410.00$ 217,810.00$

3,149,844.00$ 472,476.60$ 3,622,320.60$

Sub-Total 3,149,844.00$
15% O & H 472,476.60$

Total 3,622,320.60$

Combination F
Item Description Sub-Total 15% O & H Total

Chiller Plant
Chiller Plant - Combination F 3,000,524.00$ 450,078.60$ 3,450,602.60$

Plate & Frame Recommendation
Plate & Frame Exchanger (Free Cooling) 163,220.00$ 24,483.00$ 187,703.00$

Campus Piping System For Future Connected Load
Future Connected Load 189,400.00$ 28,410.00$ 217,810.00$

3,353,144.00$ 502,971.60$ 3,856,115.60$

Sub-Total 3,353,144.00$
15% O & H 502,971.60$

Total 3,856,115.60$

WEBER STATE UNIVERSITY
CHILLED WATER STUDY COST ESTIMATE - Preliminary Opinion of Probable Costs

New Campus Chilled Water System Summary

WEBER STATE UNIVERSITY CENTRAL CHILLER PLANT STUDY
WHW ENGINEERING INC. – 2005
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Building Directory

1. B1  Building 1
2. B2  Building 2
3. B3  Building 3
4. B4  Building 4
6. SL  Science Lab
7. LL Lind Lecture
10. MA  Miller Administration
12. IB  Information Booth
14. SS  Social Science
15. WB  Wattis Business
16. ED  McKay Education
18. HP Heat Plant
20. CS  Campus Services
22. TE  Technical Education
23. ET  Engineering Technology
26. FM  Facilities Management
27. SR Stores and Receiving/
  Mail Room
31. ST  Stewart Bell Tower
34. MH  Marriott Health
35. SC  Student Service Center
36. SU  Shepherd Union
37. LI  Stewart Library
38. BC  Browning Center
39. LP  Lampros Hall
40. KA  Kimball Visual Arts Center
50. SG  Swenson Building
51. SB  Stromberg Center
52. SD  Stromberg Stadium Offices
54. WR  Stromberg Strength Training
55. SK  Stewart Stadium Sky Suites
56. TR Davidson Track Locker Rooms
63. AL  Lindquist Alumni Center
70. WH  Wasatch Hall
72. SH  Stansbury Hall
74. LS  LaSal Hall
76. PT  Promontory Tower
100. DC  Dee Events Center
110. VC  Village Community Center
111-115. V1-5 University Village 

Annex Directory

Annex 1  Police Academy
Annex 2 English 
Annex 4  Police
Annex 5  Parking and 
  Environmental Health & Safety
Annex 8  English/ESL
Annex 9  Wilderness Recreation
Annex 10  Upward Bound
Annex 11 ROTC
Annex 12  Skills Enhancement Center
Annex 13  Athletics

Parking Lots

A1   A1 Permit and Visitor Meters
A2  A2 Permit and Visitor Meters
A3  A3 Permit
A4  A4 Permit
A5  A5 Permit
A6  A6 Permit
A7  A7 Permit
A8  A8 Permit
A9  A9 Permit
A10  A10 Permit
A11  A11 Permit
DC  Dee Center A,W and R Permits
  (Shuttle Available)
PPL  Public Pay Lot
R2  Residence Halls/W and A Permits
R3  Residence Halls/W and A Permits
R4  Residence Halls and A Permits
S1  Children's School Permit
W1-9  W, R/W and A Permits

Non-campus Buildings

CU  Weber State Credit Union
OI  Ogden LDS Institute
NC  Newman Center
IS  Ice Sheet

  Disabled Access

WEBER STATE UNIVERSITY - OGDEN 

2005
2006

Campus Route

University Village and 
Campus Route

Express Route

Shuttle-bus Stops

Weber State University
3850 University Circle
Ogden, UT 84408
801-626-6000
weber.edu

Ride the Wildcat 
Express Shuttle.

All Weber State University parking is 
by permit only. You can buy a $20 
pass and always find a place to park 
in one of the 3,000 available spaces at 
the Dee Events Center. The shuttle 
leaves every five minutes from 7 a.m. 
to 2 p.m. and every 20 minutes from
2 - 6 p.m. From 6-11 p.m., you can 
call 543-1439 for shuttle service times.

1 B1

2 B2

3 B3

4 B4

15 WB

14 SS

10 MA

12 IB

31 ST

35 SC

36 SU

37 LI

39 LP

38 BC

51 PE

34 MH

52 SD

56 TR

Stewart Stadium

55 SK

54 WR

23 ET

22 TE

26 FM
27 SR

20 CS

18 HP

6 SL
7 LL

50 SG

100 DC

40 KA

63 AL

76 PT

74 LH

70 WH

110 VC

111 V5

112 V4

113 V3

114 V1

115 V2

72 SH

16 ED

ANNEX 2

Quad Pond

ANNEX 11

ANNEX 12

ANNEX 10

ANNEX 4

ANNEX 1

ANNEX 5

ANNEX 13
ANNEX 9

PE Play Field

PT Play Field

ANNEX 8

W5

W3

W4

W1

W2

A2

A1

S1

PPL

A6

A8

W9

A7

F1

R2

R3

R4

A11

A10

W8

A9

W7

A3
A4

A5

HARRISON BLVD

DIXON DRIVE

ED
VA

LS
ON

SKYLINE DRIVE SKYLINE DRIVE

TAYLOR AVE.

TAYLOR AVE.

4100 SOUTH

4600 SOUTH

4200 SOUTH

TO WSU

IS

CU

OI

NC
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A.2 References

A. References Used:

1. ASHRAE
2. Weber State University
3. Carrier Corporation
4. The Trane Company
5. Mueller Corporation
6. Bell & Gossett
7. RS Means Cost Data – 2005
8. Johnson Controls
9. Tower Engineering
10. Cameron Hydraulic Data
11. Current Industry Standards
12. Field Investigation



 
 
 

A.3 POTENTIAL NEW CHILLER COMPUTER RUN 
PERFORMANCE DATA 















Evergreen Chiller Performance Outputs
Project Name: WHW Weber State 09/20/2005 
Sales Office: USAirconditioning Distributors 10:34 AM 

Tag Name:  1500 Ton with VFD

     Chiller
          Chiller Model  19XR-8787592ELS64
          Starter / VFD  VFD - Freestanding
          Refrigerant Type  R-134a
     Cooler
          Size  87
          Waterbox Type  Nozzle-in-Head, 150 psi
          Passes  2
          Tubing  Turbo-EDE2 (TBE2), .025 in, Copper
          Fluid Type  Fresh Water
          Fouling Factor (hr-sqft-F)/BTU   0.00010
     Compressor
          Size  592
     Flow Controls
          Float Valve Size  15
          Flasc Orifice  73

     Weights
          Total Rigging Weight  42895 lb
          Total Operating Weight  49784 lb
          Refrigerant Weight  2800 lb
     Condenser
          Size  87
          Waterbox Type  Nozzle-in-Head, 150 psi
          Passes  2
          Tubing  Spike Fin III (SPK3), .025 in, Copper
          Fluid Type  Fresh Water
          Fouling Factor (hr-sqft-F)/BTU   0.00025
     Motor
          Size  ELS
          Line Voltage/Hertz  460-3-60

Output Type Full Load Part Load Part Load Part Load 

Percent Load 100.00 75.00 50.00 25.00

Chiller Capacity 1,500 Tons 1,125 Tons 750 Tons 375 Tons

Chiller Input kW 723 kW 384 kW 186 kW 142 kW

Chiller Input Power 0.482 kW/Ton 0.342 kW/Ton 0.248 kW/Ton 0.378 kW/Ton

NPLV 0.296 kW/Ton    

Cooler     

Entering Temp. 54.0 F 51.5 F 49.0 F 46.5 F

Leaving Temp. 44.0 F 44.0 F 44.0 F 44.0 F

Flow Rate 3595.8 gpm 3595.8 gpm 3595.8 gpm 3595.8 gpm

Pressure Drop 34.5 ft wg 34.7 ft wg 34.8 ft wg 35.0 ft wg

Condenser     

Leaving Temp. 85.0 F 77.3 F 69.7 F 67.5 F

Entering Temp. 75.0 F 70.0 F 65.0 F 65.0 F

Flow Rate 4101.0 gpm 4101.0 gpm 4101.0 gpm 4101.0 gpm

Pressure Drop 30.6 ft wg 31.0 ft wg 31.5 ft wg 31.5 ft wg

Motor     

Motor Input Power 706 kW 375 kW 180 kW 137 kW

Motor RLA 1066 688 422 356

Motor OLTA 1151    

Motor LRDA 6686    

Chiller RLA 996 554 307 252

Chiller Inrush Amps 996    

Max Fuse/CB Amps 2000    

Min Circuit Ampacity 1244    

     

Messages:

( 1) Certified in accordance with the ARI Water-Chilling Packages using the Vapor Compression Cycle Certification Program, which is based on ARI 
Standard 550/590-2003.

Evergreen Chiller Builder v4.14 Page 1 of 1



Evergreen Chiller Performance Outputs
Project Name: WHW Weber State 09/20/2005 
Sales Office: USAirconditioning Distributors 10:35 AM 

Tag Name:  1500 Ton Constant Volume

     Chiller
          Chiller Model  19XR-8787592ELS64
          Starter / VFD  Starter - Freestanding
          Refrigerant Type  R-134a
     Cooler
          Size  87
          Waterbox Type  Nozzle-in-Head, 150 psi
          Passes  2
          Tubing  Turbo-EDE2 (TBE2), .025 in, Copper
          Fluid Type  Fresh Water
          Fouling Factor (hr-sqft-F)/BTU   0.00010
     Compressor
          Size  592
     Flow Controls
          Float Valve Size  15
          Flasc Orifice  73

     Weights
          Total Rigging Weight  42895 lb
          Total Operating Weight  49784 lb
          Refrigerant Weight  2800 lb
     Condenser
          Size  87
          Waterbox Type  Nozzle-in-Head, 150 psi
          Passes  2
          Tubing  Spike Fin III (SPK3), .025 in, Copper
          Fluid Type  Fresh Water
          Fouling Factor (hr-sqft-F)/BTU   0.00025
     Motor
          Size  ELS
          Line Voltage/Hertz  460-3-60

Output Type Full Load Part Load Part Load Part Load 

Percent Load 100.00 75.00 50.00 25.00

Chiller Capacity 1,500 Tons 1,125 Tons 750 Tons 375 Tons

Chiller Input kW 686 kW 479 kW 334 kW 216 kW

Chiller Input Power 0.458 kW/Ton 0.426 kW/Ton 0.446 kW/Ton 0.577 kW/Ton

NPLV 0.449 kW/Ton    

Cooler     

Entering Temp. 54.0 F 51.5 F 49.0 F 46.5 F

Leaving Temp. 44.0 F 44.0 F 44.0 F 44.0 F

Flow Rate 3595.8 gpm 3595.8 gpm 3595.8 gpm 3595.8 gpm

Pressure Drop 34.5 ft wg 34.7 ft wg 34.8 ft wg 35.0 ft wg

Condenser     

Leaving Temp. 85.0 F 77.5 F 70.0 F 67.6 F

Entering Temp. 75.0 F 70.0 F 65.0 F 65.0 F

Flow Rate 4084.6 gpm 4084.6 gpm 4084.6 gpm 4084.6 gpm

Pressure Drop 30.3 ft wg 30.8 ft wg 31.2 ft wg 31.3 ft wg

Motor     

Motor Input Power 685 kW 478 kW 333 kW 215 kW

Motor RLA 998 742 579 473

Motor OLTA 1078    

Motor LRYA 2106    

Motor LRDA 6686    

Max Fuse/CB Amps 2000    

Min Circuit Ampacity 1247    

     

Messages:

( 1) Certified in accordance with the ARI Water-Chilling Packages using the Vapor Compression Cycle Certification Program, which is based on ARI 
Standard 550/590-2003.

Evergreen Chiller Builder v4.14 Page 1 of 1



 
 
 

A.4 PLATE AND FRAME HEAT EXCHANGER 
INFORMATION 

 



 

 

ITT Heat Transfer Plate & Frame Specification

WHW                                                                 Item: 6
001 

PHE-Type                     P100-350-TKTM-20      Hot side   Cold side
Flowrate                     (g.p.m.)               3600.01     3596.20
Inlet temperature            (°F)                     55.00       40.00
Outlet temperature           (°F)                     45.00       50.00
Pressure drop                (PSI)                    10.02       10.02
Heat exchanged               (Btu/h)                       18061369 
                                                                             
Thermodynamic proporties:                            Water       Water 
Density                      (Lb/Ft³)                 62.37       62.39
Specific heat                (Btu/Lb*F)                1.00        1.00
Thermal conductivity         (Btu/h*Ft*F)              0.34        0.33
Mean viscosity               (cP)                      1.32        1.43
Wall viscosity               (cP)                      1.43        1.32
LMTD                         (Ft²*h*F/kBtu)
Excess Surface               %                             0.00 
Inlet branch                                             F1          F3
Outlet branch                                            F4          F2

Design of Frame / Plates: 
Plate arrangement (passes*channel)                 1  x  174  +  0  x  0
Plate arrangement (passes*channel)                 1  x  175  +  0  x  0
Number of plates                               350
Effective heat surface       (Ft²)             3,745.84
Overall K-value Duty/Clean   (Btu/Ft²*h*F)     961.90      961.90 
Plate material                                 0.0197 inch AISI 304 
Gasket material                                NITRIL LOCK
Max. working temperature     (°F)              230.00
Working/test pressure        (PSI)             150.00      195.00 
Liquid volume                (Ft³)             29.32
Carry Bar Length             (Ft)              8.20    Max. No. of Plates 413
Net weight                   (Lb)
Frame type                                     IS
Connections HOT side :  8.00 '' Unlined studded port,150 # ANSI 
Connections COLD side:  8.00 '' Unlined studded port,150 # ANSI 

                                                                             

                                                                             
                                                                             
                                                                             
                                                                             
                                                                             
                                                                             
                                                                             
                                                                             

ITT Heat Transfer            175 Standard Parkway            Cheektowaga, NY 
Tel:  800-447-7700                                 Fax:  716-897-1777 
 



 

 

ITT Heat Transfer Plate & Frame Specification

WHW                                                                 Item: 6
001 

PHE-Type                     P100-602-TMTL-43      Hot side   Cold side
Flowrate                     (g.p.m.)               3600.00     3596.20
Inlet temperature            (°F)                     53.00       40.00
Outlet temperature           (°F)                     43.00       50.00
Pressure drop                (PSI)                    10.07       10.06
Heat exchanged               (Btu/h)                       18061369 
                                                                             
Thermodynamic proporties:                            Water       Water 
Density                      (Lb/Ft³)                 62.38       62.39
Specific heat                (Btu/Lb*F)                1.00        1.00
Thermal conductivity         (Btu/h*Ft*F)              0.34        0.33
Mean viscosity               (cP)                      1.37        1.43
Wall viscosity               (cP)                      1.43        1.37
LMTD                         (Ft²*h*F/kBtu)
Excess Surface               %                             0.00 
Inlet branch                                             F1          F3
Outlet branch                                            F4          F2

Design of Frame / Plates: 
Plate arrangement (passes*channel)                 1  x  300  +  0  x  0
Plate arrangement (passes*channel)                 1  x  301  +  0  x  0
Number of plates                               602
Effective heat surface       (Ft²)             6,458.34
Overall K-value Duty/Clean   (Btu/Ft²*h*F)     928.16      928.16 
Plate material                                 0.0197 inch AISI 304 
Gasket material                                NITRIL LOCK
Max. working temperature     (°F)              230.00
Working/test pressure        (PSI)             150.00      195.00 
Liquid volume                (Ft³)             50.50
Carry Bar Length             (Ft)              13.12    Max. No. of Plates 686
Net weight                   (Lb)
Frame type                                     IS
Connections HOT side :  8.00 '' Unlined studded port,150 # ANSI 
Connections COLD side:  8.00 '' Unlined studded port,150 # ANSI 

                                                                             

                                                                             
                                                                             
                                                                             
                                                                             
                                                                             
                                                                             
                                                                             
                                                                             

ITT Heat Transfer            175 Standard Parkway            Cheektowaga, NY 
Tel:  800-447-7700                                 Fax:  716-897-1777 
 





MUELLER ACCU-THERM
PLATE HEAT EXCHANGER SPECIFICATION SHEET

PMC Spec. No.: 90430-01.01 Sales Manager: /TB

Ref No.:  Date: 19 September, 2005

Design Data: Hot Side: Cold Side:

Heat Transfer Media: Water Water

Volume Flow Rate: 3600.0 3595.0 GPM

Mass Flow Rate: 1801851.1 1799664.6 LB/HR

Inlet Temperature: 55.0 40.0 °F

Outlet Temperature: 45.0 50.0 °F

Density 8.34 8.35 LB/GAL

Specific Heat: 1.001 1.003 BTU/LB F

Viscosity: 1.30 1.41 CPS

Thermal Conductivity: 0.334 0.330 BTU/FT H F

Pressure Drop: 10.1 10.2 PSI

Operating Pressure: 50 50 PSI G

Heat Transfer Rate: 18040736 BTU/H

Log Mean Temp Diff: 5.0 °F

Operating U-Value: 348 BTU/FT2 H F

Heat Transfer Area (All Frames): 10355.3 FT2

Mechanical Description:

Frame: Plate:

Type B-20 Carbon Steel

Design Code ASME Section VIII, DIV. 1

Design Pressure 100 PSI G

Design Temp. Max/Min 150 °F / 32°F

Test Pressure 130 PSI G

Frames In Parallel/Series/Total 2/ 1/ 2

A-Dim. Min./Max. 55.73/ 59.64 Inch

Overall Length 124.64 Inch

Overall Width 34.88 Inch

Overall Height 104.50 Inch

Guide Bar Length 120.00 Inch

Compression Bolt Length 96.00 Inch

Weight Operating/Empty 9390/ 5876 LB

Type 120M H 

Plate Material 0.4 MM 304 S/S 

Plates/Frame 404

Passes-H/C 1/1

Channels-H/C 201/202

Gasket Material NBR

Connections Location

Hot In 6.00 Inch 316L S/S Studded 1F

Hot Out 6.00 Inch 316L S/S Studded 4F

Cold In 6.00 Inch 316L S/S Studded 3F

Cold Out 6.00 Inch 316L S/S Studded 2F

Notes:
Aluminum shroud omitted
The purchaser of the equipment bears total responsibility for suitability of use of all materials in this application.
We may have assumed some design values.  If they differ from your requirements, a new design may be necessary.



MUELLER ACCU-THERM
PLATE HEAT EXCHANGER SPECIFICATION SHEET

PMC Spec. No.: 90430-01.01 Sales Manager: /TB

Ref No.:  Date: 19 September, 2005

Design Data: Hot Side: Cold Side:

Heat Transfer Media: Water Water

Volume Flow Rate: 3600.0 3595.0 GPM

Mass Flow Rate: 1801851.1 1799664.6 LB/HR

Inlet Temperature: 55.0 40.0 °F

Outlet Temperature: 45.0 50.0 °F

Density 8.34 8.35 LB/GAL

Specific Heat: 1.001 1.003 BTU/LB F

Viscosity: 1.30 1.41 CPS

Thermal Conductivity: 0.334 0.330 BTU/FT H F

Pressure Drop: 10.1 10.2 PSI

Operating Pressure: 50 50 PSI G

Heat Transfer Rate: 18040736 BTU/H

Log Mean Temp Diff: 5.0 °F

Operating U-Value: 534 BTU/FT2 H F

Heat Transfer Area (All Frames): 6749.0 FT2

Mechanical Description:

Frame: Plate:

Type B-20 Carbon Steel

Design Code ASME Section VIII, DIV. 1

Design Pressure 100 PSI G

Design Temp. Max/Min 150 °F / 32°F

Test Pressure 130 PSI G

Frames In Parallel/Series/Total 2/ 1/ 2

A-Dim. Min./Max. 36.42/ 38.98 Inch

Overall Length 88.63 Inch

Overall Width 34.88 Inch

Overall Height 104.50 Inch

Guide Bar Length 84.00 Inch

Compression Bolt Length 78.00 Inch

Weight Operating/Empty 7890/ 5593 LB

Type 120M HV

Plate Material 0.4 MM 304 S/S 

Plates/Frame 264

Passes-H/C 1/1

Channels-H/C 131/132

Gasket Material NBR

Connections Location

Hot In 6.00 Inch 316L S/S Studded 1F

Hot Out 6.00 Inch 316L S/S Studded 4F

Cold In 6.00 Inch 316L S/S Studded 3F

Cold Out 6.00 Inch 316L S/S Studded 2F

Notes:
Aluminum shroud omitted
The purchaser of the equipment bears total responsibility for suitability of use of all materials in this application.
We may have assumed some design values.  If they differ from your requirements, a new design may be necessary.



MUELLER ACCU-THERM
PLATE HEAT EXCHANGER SPECIFICATION SHEET

PMC Spec. No.: 90430-01.01 Sales Manager: /TB

Ref No.:  Date: 19 September, 2005

Design Data: Hot Side: Cold Side:

Heat Transfer Media: Water Water

Volume Flow Rate: 3600.0 3595.0 GPM

Mass Flow Rate: 1801851.1 1799664.6 LB/HR

Inlet Temperature: 55.0 40.0 °F

Outlet Temperature: 45.0 50.0 °F

Density 8.34 8.35 LB/GAL

Specific Heat: 1.001 1.003 BTU/LB F

Viscosity: 1.30 1.41 CPS

Thermal Conductivity: 0.334 0.330 BTU/FT H F

Pressure Drop: 5.7 5.8 PSI

Operating Pressure: 50 50 PSI G

Heat Transfer Rate: 18040736 BTU/H

Log Mean Temp Diff: 5.0 °F

Operating U-Value: 407 BTU/FT2 H F

Heat Transfer Area (All Frames): 8857.6 FT2

Mechanical Description:

Frame: Plate:

Type B-20 Carbon Steel

Design Code ASME Section VIII, DIV. 1

Design Pressure 100 PSI G

Design Temp. Max/Min 150 °F / 32°F

Test Pressure 130 PSI G

Frames In Parallel/Series/Total 2/ 1/ 2

A-Dim. Min./Max. 69.72/ 74.48 Inch

Overall Length 142.63 Inch

Overall Width 36.25 Inch

Overall Height 85.13 Inch

Guide Bar Length 138.00 Inch

Compression Bolt Length 132.00 Inch

Weight Operating/Empty 12358/ 9354 LB

Type 80M HV

Plate Material 0.5 MM 304 S/S 

Plates/Frame 492

Passes-H/C 1/1

Channels-H/C 245/246

Gasket Material NBR

Connections Location

Hot In 6.00 Inch 316L S/S Studded 1F

Hot Out 6.00 Inch 316L S/S Studded 4F

Cold In 6.00 Inch 316L S/S Studded 3F

Cold Out 6.00 Inch 316L S/S Studded 2F

Notes:
Aluminum shroud omitted
The purchaser of the equipment bears total responsibility for suitability of use of all materials in this application.
We may have assumed some design values.  If they differ from your requirements, a new design may be necessary.



MUELLER ACCU-THERM
PLATE HEAT EXCHANGER SPECIFICATION SHEET

PMC Spec. No.: 90430-01.01 Sales Manager: /TB

Ref No.:  Date: 19 September, 2005

Design Data: Hot Side: Cold Side:

Heat Transfer Media: Water Water

Volume Flow Rate: 3600.0 3595.0 GPM

Mass Flow Rate: 1801851.1 1799664.6 LB/HR

Inlet Temperature: 55.0 40.0 °F

Outlet Temperature: 45.0 50.0 °F

Density 8.34 8.35 LB/GAL

Specific Heat: 1.001 1.003 BTU/LB F

Viscosity: 1.30 1.41 CPS

Thermal Conductivity: 0.334 0.330 BTU/FT H F

Pressure Drop: 7.6 7.7 PSI

Operating Pressure: 50 50 PSI G

Heat Transfer Rate: 18040736 BTU/H

Log Mean Temp Diff: 5.0 °F

Operating U-Value: 437 BTU/FT2 H F

Heat Transfer Area (All Frames): 8258.7 FT2

Mechanical Description:

Frame: Plate:

Type B-20 Carbon Steel

Design Code ASME Section VIII, DIV. 1

Design Pressure 100 PSI G

Design Temp. Max/Min 150 °F / 32°F

Test Pressure 130 PSI G

Frames In Parallel/Series/Total 4/ 1/ 4

A-Dim. Min./Max. 43.98/ 46.81 Inch

Overall Length 105.89 Inch

Overall Width 26.75 Inch

Overall Height 85.50 Inch

Guide Bar Length 102.00 Inch

Compression Bolt Length 96.00 Inch

Weight Operating/Empty 5856/ 4430 LB

Type 60M HV

Plate Material 0.5 MM 304 S/S 

Plates/Frame 310

Passes-H/C 1/1

Channels-H/C 154/155

Gasket Material NBR

Connections Location

Hot In 4.00 Inch 316L S/S Studded 1F

Hot Out 4.00 Inch 316L S/S Studded 4F

Cold In 4.00 Inch 316L S/S Studded 3F

Cold Out 4.00 Inch 316L S/S Studded 2F

Notes:
Aluminum shroud omitted
The purchaser of the equipment bears total responsibility for suitability of use of all materials in this application.
We may have assumed some design values.  If they differ from your requirements, a new design may be necessary.



 
 
 

A.5 THERMAL/ICE STORAGE INFORMATION 
 





































 
 
 

A.6 CHILLER LIFE CYCLE AND OPTIMIZER  
COMPUTER RUNS / ECONOMIC ANALYSIS 

 



5 Year Constant Dollar Cost Model

Chiller Combination A
Two new 1500 with vfds

Approximate Energy Cost

Chilled Water Condenser Water Tons KW/Ton KW Hours kWH Demand Cost Energy Use Cost
LWT  ْF EWT  ْF EWT  ْF LWT  ْF $8.78/kW/month $0.0286340/kWH

44 54 80 3647 0.425 1549.98 82 127098 $27,217.56 $3,639.32
44 54 75 3282 0.406 1332.61 245 326490.4 $9,348.73
44 54 80 2954 0.386 1140.27 263 299891.3 $20,023.16 $8,587.09
44 54 75 2659 0.4 1063.47 313 332864.6 $9,531.25
44 54 75 2393 0.372 890.12 392 348927.2 $7,815.26 $9,991.18
44 54 70 2154 0.343 738.656 517 381885.3 $10,934.90
44 54 75 1938 0.317 614.398 525 322559.2 $5,394.42 $9,236.16
44 54 70 1744 0.287 500.628 575 287861.2 $8,242.62
44 54 70 1570 0.273 428.586 721 309010.9 $8,848.22
44 54 65 1413 0.267 377.25 685 258416.5 $7,399.50
44 54 65 1272 0.29 368.773 752 277317.1 $3,237.82 $7,940.70

Annual Energy Cost $157,387.87
5 Year Energy Cost: $786,939.37
Chiller Purchase Price: 1,043,000

5 Year Life Cycle Evaluation Total: $1,829,939.37



System PLV Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:46 PM

1.  Executive Summary
System Part Load Value (SPLV): PLV

Comination A 0.320 kW/Ton
IPLV or NPLV (ARI 550/590-1998):

Carrier 1500 Ton VFD 0.296 kW/Ton
Trane 1250 0.354 kW/Ton
Carrier 1500 Ton VFD 0.296 kW/Ton
Trane 650 0.354 kW/Ton

2.  Input Data Summary

Weather
City Salt Lake City, Utah
Schedule On All Day: Weekday

On All Day: Saturday
On All Day: Sunday

Loads
User-Defined Load Profile

Chiller System
Name Comination A
Chillers in Plant 4
Plant Control Sequenced
Full Load LCHWT 44.0 F
Tower Configuration One Tower for System
Cooling Tower 6 Cell Tower(1)

 Detailed Cooling Tower Model
Free Cooling Plate-Frame Heat Exchanger

Sequence Chiller Name FL Capacity 
(Tons)

Full Load Power

CH-1     Carrier 1500 Ton VFD               1,500 0.482  kW/Ton
CH-2     Trane 1250                         1,250 0.473  kW/Ton
CH-3     Carrier 1500 Ton VFD               1,500 0.482  kW/Ton
CH-4     Trane 650                          650 0.473  kW/Ton

Chiller System Optimizer v2.02 Page 1



System PLV Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:46 PM

3. Chiller System Operating Conditions
Bin Temp (F) Bin MCWB 

(F)
Building Load 

(%)
Building Load 

(Tons)
Chillers On Chiller Load 

(%)
97.5 61.5 100 4,900 4 100
92.5 60.5 95 4,667 4 95
87.5 59.5 90 4,433 4 90
82.5 57.9 86 4,200 3 99
77.5 55.9 81 3,967 3 93
72.5 54.2 76 3,734 3 88
67.5 51.9 71 3,500 3 82
62.5 49.5 67 3,267 3 77
57.5 47.1 62 3,034 3 71
52.5 43.8 57 2,800 3 66
47.5 40.4 42 2,067 2 75
42.5 36.9 37 1,834 0 0
37.5 33.4 33 1,601 0 0
32.5 29.4 28 1,367 0 0
27.5 25.1 23 1,134 0 0
22.5 20.8 18 901 0 0
17.5 16.0 14 667 0 0
12.5 11.2 9 434 0 0

7.5 5.9 4 201 0 0

Chiller System Optimizer v2.02 Page 2



System PLV Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:46 PM

4a.  Chiller System Performance
CH-1 CH-2 CH-3

Bin 
Temp 

(F)

Load 
(Tons)

(kW/
Ton)

Lchwt 
(F)

Cond 
Temp 

(F)

Load 
(Tons)

(kW/
Ton)

Lchwt 
(F)

Cond 
Temp 

(F)

Load 
(Tons)

(kW/
Ton)

Lchwt 
(F)

Cond 
Temp 

(F)
97.5 1,500 0.433 44.00 67.52 1,250 0.412 44.00 67.52 1,500 0.433 44.00 67.52
92.5 1,429 0.411 44.00 66.44 1,190 0.398 44.00 66.44 1,429 0.411 44.00 66.44
87.5 1,357 0.386 44.00 65.35 1,131 0.384 44.00 65.35 1,357 0.386 44.00 65.35
82.5 1,482 0.408 44.00 63.78 1,235 0.379 44.00 63.78 1,482 0.408 44.00 63.78
77.5 1,400 0.377 44.00 61.81 1,167 0.358 44.00 61.81 1,400 0.377 44.00 61.81
72.5 1,318 0.344 44.00 60.06 1,098 0.341 44.00 60.06 1,318 0.344 44.00 60.06
67.5 1,235 0.308 44.00 57.77 1,029 0.337 44.00 57.77 1,235 0.308 44.00 57.77
62.5 1,153 0.267 44.00 55.35 961 0.333 44.00 55.35 1,153 0.267 44.00 55.35
57.5 1,071 0.248 44.00 55.00 892 0.334 44.00 55.00 1,071 0.248 44.00 55.00
52.5 988 0.237 44.00 55.00 824 0.338 44.00 55.00 988 0.237 44.00 55.00
47.5 1,128 0.256 44.00 55.00 940 0.331 44.00 55.00 0 0.000 44.00 n/a
42.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
37.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
32.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
27.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
22.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
17.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
12.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a

7.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a

Minimum ECWT condition has been reached for chiller(s):  CH-1, CH-2, CH-3
Tower cycling assumed to hold minimum ECWT.

Chiller System Optimizer v2.02 Page 3



System PLV Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:46 PM

4b.  Chiller System Performance
CH-4 System

Bin 
Temp 

(F)

Load 
(Tons)

(kW/
Ton)

Lchwt 
(F)

Cond 
Temp 

(F)

Total 
(kW)

Total 
(kW/Ton)

97.5 650 0.412 44.00 67.52 2083 0.425
92.5 619 0.398 44.00 66.44 1894 0.406
87.5 588 0.384 44.00 65.35 1710 0.386
82.5 0 0.000 44.00 n/a 1678 0.400
77.5 0 0.000 44.00 n/a 1474 0.372
72.5 0 0.000 44.00 n/a 1282 0.343
67.5 0 0.000 44.00 n/a 1108 0.317
62.5 0 0.000 44.00 n/a 936 0.287
57.5 0 0.000 44.00 n/a 829 0.273
52.5 0 0.000 44.00 n/a 747 0.267
47.5 0 0.000 44.00 n/a 599 0.290
42.5 0 0.000 44.00 n/a 0 0.000
37.5 0 0.000 44.00 n/a 0 0.000
32.5 0 0.000 44.00 n/a 0 0.000
27.5 0 0.000 44.00 n/a 0 0.000
22.5 0 0.000 44.00 n/a 0 0.000
17.5 0 0.000 44.00 n/a 0 0.000
12.5 0 0.000 44.00 n/a 0 0.000

7.5 0 0.000 44.00 n/a 0 0.000

Chiller System Optimizer v2.02 Page 4



System PLV Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:46 PM

5.  SPLV Worksheet
Bin Temp 

(F)
Building 
Load (%)

Building 
Load 

(Tons)

Cooling 
Hours

Cooling (Ton-
hrs)

Bin Wgt 
Factor

System 
(kW/Ton)

Bin Ratio

97.5 100 4,900 82 401,800 0.0238 0.425 0.0560
92.5 95 4,667 245 1,143,345 0.0677 0.406 0.1668
87.5 90 4,433 263 1,165,992 0.0690 0.386 0.1790
82.5 86 4,200 313 1,314,645 0.0778 0.400 0.1948
77.5 81 3,967 392 1,555,008 0.0921 0.372 0.2478
72.5 76 3,734 517 1,930,256 0.1143 0.343 0.3329
67.5 71 3,500 525 1,837,650 0.1088 0.317 0.3437
62.5 67 3,267 575 1,878,525 0.1112 0.287 0.3883
57.5 62 3,034 721 2,187,308 0.1295 0.273 0.4740
52.5 57 2,800 685 1,918,293 0.1136 0.267 0.4259
47.5 42 2,067 752 1,554,459 0.0920 0.290 0.3175
42.5 37 1,834 776 0 0.0000 0.000 0.0000
37.5 33 1,601 857 0 0.0000 0.000 0.0000
32.5 28 1,367 828 0 0.0000 0.000 0.0000
27.5 23 1,134 671 0 0.0000 0.000 0.0000
22.5 18 901 221 0 0.0000 0.000 0.0000
17.5 14 667 135 0 0.0000 0.000 0.0000
12.5 9 434 70 0 0.0000 0.000 0.0000

7.5 4 201 132 0 0.0000 0.000 0.0000
Total: 5,070 16,887,281 1.0000 3.1267

Bin Wgt Factor = Bin Ton-hrs / Total Ton-hrs
Bin Ratio = [Bin Wgt Factor] / [System kW/Ton]
SPLV = 1 / [sum of Bin Ratios]
SPLV = 1 / [3.1267] = 0.320 kW/Ton

6.  Procedure for Calculating IPLV for Chillers

Procedure for Calculating IPLV for Water-Cooled Electric Chillers
Chiller 

Load (%)
LCHWT 

(F)
Cond 

Temp (F)
Wgt 

Factor
Chiller 

(kW/Ton)
Bin Ratio

100 44.00 85.00 0.01 A 0.01/A
75 44.00 75.00 0.42 B 0.42/B
50 44.00 65.00 0.45 C 0.45/C
25 44.00 65.00 0.12 D 0.12/D

Total: 1.00

IPLV = 1 / [sum of Bin Ratios]
IPLV = 1 / [0.10/A + 0.42/B + 0.45/C + 0.12/D]
per ARI Standard 550/590-1998

Chiller System Optimizer v2.02 Page 5



Custom PLV Factors Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:46 PM

1.  Summary of Custom Weighting Factors and ECWTs
Custom Weighting Factors Custom Entering Condenser 

Temperatures (F)
Chiller 25% 50% 75% 100% 25% 50% 75% 100%
CH-1 - Carrier 1500 Ton VFD 0.000 0.000 0.558 0.442 n/a n/a 55.6 63.0
CH-2 - Trane 1250 0.000 0.000 0.588 0.412 n/a n/a 55.5 63.0
CH-3 - Carrier 1500 Ton VFD 0.000 0.000 0.558 0.442 n/a n/a 55.6 63.0
CH-4 - Trane 650 0.000 0.000 0.000 1.000 n/a n/a n/a 66.1

2.  Input Data Summary

Weather
City Salt Lake City, Utah
Schedule On All Day: Weekday

On All Day: Saturday
On All Day: Sunday

Loads
User-Defined Load Profile

Chiller System
Name Comination A
Chillers in Plant 4
Plant Control Sequenced
Full Load LCHWT 44.0 F
Tower Configuration One Tower for System
Cooling Tower 6 Cell Tower(1)

 Detailed Cooling Tower Model
Free Cooling Plate-Frame Heat Exchanger

Sequence Chiller Name FL Capacity 
(Tons)

Full Load Power

CH-1     Carrier 1500 Ton VFD               1,500 0.482  kW/Ton
CH-2     Trane 1250                         1,250 0.473  kW/Ton
CH-3     Carrier 1500 Ton VFD               1,500 0.482  kW/Ton
CH-4     Trane 650                          650 0.473  kW/Ton

Chiller System Optimizer v2.02 Page 1



Custom PLV Factors Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:46 PM

3. Chiller System Operating Conditions
Bin Temp (F) Bin MCWB 

(F)
Building Load 

(%)
Building Load 

(Tons)
Chillers On Chiller Load 

(%)
97.5 61.5 100 4,900 4 100
92.5 60.5 95 4,667 4 95
87.5 59.5 90 4,433 4 90
82.5 57.9 86 4,200 3 99
77.5 55.9 81 3,967 3 93
72.5 54.2 76 3,734 3 88
67.5 51.9 71 3,500 3 82
62.5 49.5 67 3,267 3 77
57.5 47.1 62 3,034 3 71
52.5 43.8 57 2,800 3 66
47.5 40.4 42 2,067 2 75
42.5 36.9 37 1,834 0 0
37.5 33.4 33 1,601 0 0
32.5 29.4 28 1,367 0 0
27.5 25.1 23 1,134 0 0
22.5 20.8 18 901 0 0
17.5 16.0 14 667 0 0
12.5 11.2 9 434 0 0

7.5 5.9 4 201 0 0

Chiller System Optimizer v2.02 Page 2



Custom PLV Factors Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:46 PM

4a.  Custom PLV Worksheet for CH-1  (Carrier 1500 Ton VFD)

Avg DB Cond Temp Total CWH Total Load Load 25% Bin 50% Bin 75% Bin 100% Bin
(F) (F) (Hrs) (Ton-hrs) (Tons)  (%) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs)

97.5 67.5 82 5,537 123,000 1,500 100 0 0 0 0 0 0 5,537 123,000
92.5 66.4 245 16,279 350,004 1,429 95 0 0 0 0 0 0 16,279 350,004
87.5 65.3 263 17,187 356,936 1,357 90 0 0 0 0 0 0 17,187 356,936
82.5 63.8 313 19,964 463,992 1,482 99 0 0 0 0 0 0 19,964 463,992
77.5 61.8 392 24,229 548,826 1,400 93 0 0 0 0 0 0 24,229 548,826
72.5 60.1 517 31,049 681,267 1,318 88 0 0 0 0 0 0 31,049 681,267
67.5 57.8 525 30,328 648,582 1,235 82 0 0 0 0 30,328 648,582 0 0
62.5 55.3 575 31,824 663,009 1,153 77 0 0 0 0 31,824 663,009 0 0
57.5 55.0 721 39,655 771,991 1,071 71 0 0 0 0 39,655 771,991 0 0
52.5 55.0 685 37,675 677,045 988 66 0 0 0 0 37,675 677,045 0 0
47.5 55.0 752 41,360 847,887 1,128 75 0 0 0 0 41,360 847,887 0 0
42.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
37.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
32.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
22.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
17.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
12.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0

7.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals: 5,070 295,086 6,132,540 0 0 0 0 180,842 3,608,514 114,244 2,524,026
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Custom PLV Factors Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:46 PM

4b.  Custom PLV Worksheet for CH-2  (Trane 1250)

Avg DB Cond Temp Total CWH Total Load Load 25% Bin 50% Bin 75% Bin 100% Bin
(F) (F) (Hrs) (Ton-hrs) (Tons)  (%) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs)

97.5 67.5 82 5,537 102,500 1,250 100 0 0 0 0 0 0 5,537 102,500
92.5 66.4 245 16,279 291,670 1,190 95 0 0 0 0 0 0 16,279 291,670
87.5 65.3 263 17,187 297,447 1,131 90 0 0 0 0 0 0 17,187 297,447
82.5 63.8 313 19,964 386,660 1,235 99 0 0 0 0 0 0 19,964 386,660
77.5 61.8 392 24,229 457,355 1,167 93 0 0 0 0 0 0 24,229 457,355
72.5 60.1 517 31,049 567,723 1,098 88 0 0 0 0 0 0 31,049 567,723
67.5 57.8 525 30,328 540,485 1,029 82 0 0 0 0 30,328 540,485 0 0
62.5 55.3 575 31,824 552,507 961 77 0 0 0 0 31,824 552,507 0 0
57.5 55.0 721 39,655 643,326 892 71 0 0 0 0 39,655 643,326 0 0
52.5 55.0 685 37,675 564,204 824 66 0 0 0 0 37,675 564,204 0 0
47.5 55.0 752 41,360 706,572 940 75 0 0 0 0 41,360 706,572 0 0
42.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
37.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
32.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
22.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
17.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
12.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0

7.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals: 5,070 295,086 5,110,450 0 0 0 0 180,842 3,007,095 114,244 2,103,355
Cust Wgt Factors: 0.000 0.000 0.588 0.412
Custom Entering Condenser Temperatures (F): n/a n/a 55.5 63.0
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Custom PLV Factors Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:46 PM

4c.  Custom PLV Worksheet for CH-3  (Carrier 1500 Ton VFD)

Avg DB Cond Temp Total CWH Total Load Load 25% Bin 50% Bin 75% Bin 100% Bin
(F) (F) (Hrs) (Ton-hrs) (Tons)  (%) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs)

97.5 67.5 82 5,537 123,000 1,500 100 0 0 0 0 0 0 5,537 123,000
92.5 66.4 245 16,279 350,004 1,429 95 0 0 0 0 0 0 16,279 350,004
87.5 65.3 263 17,187 356,936 1,357 90 0 0 0 0 0 0 17,187 356,936
82.5 63.8 313 19,964 463,992 1,482 99 0 0 0 0 0 0 19,964 463,992
77.5 61.8 392 24,229 548,826 1,400 93 0 0 0 0 0 0 24,229 548,826
72.5 60.1 517 31,049 681,267 1,318 88 0 0 0 0 0 0 31,049 681,267
67.5 57.8 525 30,328 648,582 1,235 82 0 0 0 0 30,328 648,582 0 0
62.5 55.3 575 31,824 663,009 1,153 77 0 0 0 0 31,824 663,009 0 0
57.5 55.0 721 39,655 771,991 1,071 71 0 0 0 0 39,655 771,991 0 0
52.5 55.0 685 37,675 677,045 988 66 0 0 0 0 37,675 677,045 0 0
47.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
42.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
37.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
32.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
22.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
17.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
12.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0

7.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals: 4,318 253,726 5,284,653 0 0 0 0 139,482 2,760,627 114,244 2,524,026
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Custom PLV Factors Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:46 PM

4d.  Custom PLV Worksheet for CH-4  (Trane 650)

Avg DB Cond Temp Total CWH Total Load Load 25% Bin 50% Bin 75% Bin 100% Bin
(F) (F) (Hrs) (Ton-hrs) (Tons)  (%) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs)

97.5 67.5 82 5,537 53,300 650 100 0 0 0 0 0 0 5,537 53,300
92.5 66.4 245 16,279 151,668 619 95 0 0 0 0 0 0 16,279 151,668
87.5 65.3 263 17,187 154,672 588 90 0 0 0 0 0 0 17,187 154,672
82.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
77.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
72.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
67.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
62.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
57.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
52.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
47.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
42.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
37.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
32.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
22.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
17.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
12.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0

7.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals: 590 39,002 359,641 0 0 0 0 0 0 39,002 359,641
Cust Wgt Factors: 0.000 0.000 0.000 1.000
Custom Entering Condenser Temperatures (F): n/a n/a n/a 66.1
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Custom PLV Factors Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:46 PM

KEY for Custom PLV Worksheet table(s):
[Avg DB] = Midpoint temperature for bin.
[Cond Temp] = Entering condenser temperature for bin.  Entering water temperature for water-cooled chillers.  Entering air temperature for air-cooled chillers.
[Tot Hrs] = Hours of operation in bin.
[CWH] = Condenser temperature hours.  [Tot Hrs] times [Cond Temp].  Later used to derive the four average entering condenser temperature values for the PLV calculation.
[Load] = Chiller load for bin.
[Load (%)] = Chiller load as a percentage of full load capacity.
[Total (Ton-hrs)] = Chiller [Load] times [Tot Hrs].  Later used to derive the four weighting factors for the PLV calculation.
[Bin (CWH)] = [CWH] values separated into the four PLV bins: 25%, 50%, 75% and 100% load according to chiller load for each bin.
[Bin (Ton-hrs)] = Values separated into the four PLV bins: 25%, 50%, 75% and 100% load according to the chiller load for each bin.
[Cust Wgt Factor] = The four custom PLV weighting factors.  [Total (Ton-hrs)] for PLV Bin divided by [Total (Ton-hrs)] for the chiller.
[Cust Ent Cond Temps] = The four custom condenser temperature values for the PLV calculation = [Total (CWH)] for PLV bin divided by [Tot Hrs] in the PLV bin.

5a.  Average Weighting Factors and Entering Condenser Temperatures (CH-1, CH-3)

25% Bin 50% Bin 75% Bin 100% Bin
Chiller Hrs CWH  Ton-hrs Hrs CWH  Ton-hrs Hrs CWH  Ton-hrs Hrs CWH  Ton-hrs

CH-1 0 0 0 0 0 0 3,258 180,842 3,608,514 1,812 114,244 2,524,026
CH-3 0 0 0 0 0 0 2,506 139,482 2,760,627 1,812 114,244 2,524,026
Totals: 0 0 0 0 0 0 5,764 320,324 6,369,141 3,624 228,489 5,048,051
Cust Wgt Factor: 0.000 0.000 0.558 0.442
Cust Ent Cond Temps (F): n/a n/a 55.6 63.0

Grand Total Ton-hrs = 11,417,192

Average weighting factors and entering condenser temperatures are calculated because the following chillers are all identical:  CH-1, CH-3.  Over the life of the chiller plant, these 
chillers will be rotated to operate in each of the CH-1, CH-3 sequencing positions.  Therefore, a lifecycle PLV must consider each chiller operating in each of these sequencing 
positions.
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System Load Profiles
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:46 PM
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Note:  Individual chiller curves in this graph have been adjusted up or down so the number of chillers operating at each point can be 
seen.  If the curves had not been adjusted, all curves would lie on top of each other.  Because of the adjustment each chiller load 
shown on the graph is only accurate to within a few percentage points plus or minus of the original calculated values.

2.  Input Data Summary

Weather
City Salt Lake City, Utah
Schedule On All Day: Weekday

On All Day: Saturday
On All Day: Sunday

Loads
User-Defined Load Profile

Chiller System
Name Comination A
Chillers in Plant 4
Plant Control Sequenced
Full Load LCHWT 44.0 F
Tower Configuration One Tower for System
Cooling Tower 6 Cell Tower(1)

 Detailed Cooling Tower Model
Free Cooling Plate-Frame Heat Exchanger

Sequence Chiller Name FL Capacity 
(Tons)

Full Load Power

CH-1     Carrier 1500 Ton VFD               1,500 0.482  kW/Ton
CH-2     Trane 1250                         1,250 0.473  kW/Ton
CH-3     Carrier 1500 Ton VFD               1,500 0.482  kW/Ton
CH-4     Trane 650                          650 0.473  kW/Ton
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System Performance Profile
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:46 PM
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2.  Input Data Summary

Weather
City Salt Lake City, Utah
Schedule On All Day: Weekday

On All Day: Saturday
On All Day: Sunday

Loads
User-Defined Load Profile

Chiller System
Name Comination A
Chillers in Plant 4
Plant Control Sequenced
Full Load LCHWT 44.0 F
Tower Configuration One Tower for System
Cooling Tower 6 Cell Tower(1)

 Detailed Cooling Tower Model
Free Cooling Plate-Frame Heat Exchanger

Sequence Chiller Name FL Capacity 
(Tons)

Full Load Power

CH-1     Carrier 1500 Ton VFD               1,500 0.482  kW/Ton
CH-2     Trane 1250                         1,250 0.473  kW/Ton
CH-3     Carrier 1500 Ton VFD               1,500 0.482  kW/Ton
CH-4     Trane 650                          650 0.473  kW/Ton
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5 Year Constant Dollar Cost Model

Chiller Combination A-1
One new 1500 with vfd, one without

Approximate Energy Cost

Chilled Water Condenser Water Tons KW/Ton KW Hours kWH Demand Cost Energy Use Cost
LWT  ْF EWT  ْF EWT  ْF LWT  ْF $8.78/kW/month $0.0286340/kWH

44 54 80 3647 0.425 1549.98 82 127098 $27,217.56 $3,639.32
44 54 75 3282 0.412 1352.31 245 331315.4 $9,486.88
44 54 80 2954 0.397 1172.77 263 308437.4 $20,593.77 $8,831.80
44 54 75 2659 0.405 1076.76 313 337025.4 $9,650.39
44 54 75 2393 0.386 923.62 392 362058.9 $8,109.38 $10,367.19
44 54 70 2154 0.367 790.341 517 408606.2 $11,700.03
44 54 75 1938 0.351 680.296 525 357155.4 $5,973.00 $10,226.79
44 54 70 1744 0.334 582.612 575 335002.2 $9,592.45
44 54 70 1570 0.328 514.932 721 371265.8 $10,630.82
44 54 65 1413 0.326 460.613 685 315519.7 $9,034.59
44 54 65 1272 0.29 368.773 752 277317.1 $3,237.82 $7,940.70

Annual Energy Cost $166,232.50
5 Year Energy Cost: $831,162.50
Chiller Purchase Price: 998,000

5 Year Life Cycle Evaluation Total: $1,829,162.50



System PLV Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:58 PM

1.  Executive Summary
System Part Load Value (SPLV): PLV

Combination A-1 0.352 kW/Ton
IPLV or NPLV (ARI 550/590-1998):

Carrier 1500 Ton VFD 0.296 kW/Ton
Trane 1250 0.354 kW/Ton
Carrier 1500 Ton Constant 0.449 kW/Ton
Trane 650 0.354 kW/Ton

2.  Input Data Summary

Weather
City Salt Lake City, Utah
Schedule On All Day: Weekday

On All Day: Saturday
On All Day: Sunday

Loads
User-Defined Load Profile

Chiller System
Name Combination A-1
Chillers in Plant 4
Plant Control Sequenced
Full Load LCHWT 44.0 F
Tower Configuration One Tower for System
Cooling Tower 6 Cell Tower(2)

 Detailed Cooling Tower Model
Free Cooling Plate-Frame Heat Exchanger

Sequence Chiller Name FL Capacity 
(Tons)

Full Load Power

CH-1     Carrier 1500 Ton VFD               1,500 0.482  kW/Ton
CH-2     Trane 1250                         1,250 0.473  kW/Ton
CH-3     Carrier 1500 Ton Constant          1,500 0.458  kW/Ton
CH-4     Trane 650                          650 0.473  kW/Ton
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System PLV Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:58 PM

3. Chiller System Operating Conditions
Bin Temp (F) Bin MCWB 

(F)
Building Load 

(%)
Building Load 

(Tons)
Chillers On Chiller Load 

(%)
97.5 61.5 100 4,900 4 100
92.5 60.5 95 4,667 4 95
87.5 59.5 90 4,433 4 90
82.5 57.9 86 4,200 3 99
77.5 55.9 81 3,967 3 93
72.5 54.2 76 3,734 3 88
67.5 51.9 71 3,500 3 82
62.5 49.5 67 3,267 3 77
57.5 47.1 62 3,034 3 71
52.5 43.8 57 2,800 3 66
47.5 40.4 42 2,067 2 75
42.5 36.9 37 1,834 0 0
37.5 33.4 33 1,601 0 0
32.5 29.4 28 1,367 0 0
27.5 25.1 23 1,134 0 0
22.5 20.8 18 901 0 0
17.5 16.0 14 667 0 0
12.5 11.2 9 434 0 0

7.5 5.9 4 201 0 0
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System PLV Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:58 PM

4a.  Chiller System Performance
CH-1 CH-2 CH-3

Bin 
Temp 

(F)

Load 
(Tons)

(kW/
Ton)

Lchwt 
(F)

Cond 
Temp 

(F)

Load 
(Tons)

(kW/
Ton)

Lchwt 
(F)

Cond 
Temp 

(F)

Load 
(Tons)

(kW/
Ton)

Lchwt 
(F)

Cond 
Temp 

(F)
97.5 1,500 0.433 44.00 67.53 1,250 0.413 44.00 67.53 1,500 0.434 44.00 67.53
92.5 1,429 0.411 44.00 66.46 1,190 0.398 44.00 66.46 1,429 0.429 44.00 66.46
87.5 1,357 0.387 44.00 65.37 1,131 0.385 44.00 65.37 1,357 0.425 44.00 65.37
82.5 1,482 0.408 44.00 63.80 1,235 0.379 44.00 63.80 1,482 0.423 44.00 63.80
77.5 1,400 0.377 44.00 61.83 1,167 0.359 44.00 61.83 1,400 0.416 44.00 61.83
72.5 1,318 0.345 44.00 60.09 1,098 0.341 44.00 60.09 1,318 0.411 44.00 60.09
67.5 1,235 0.308 44.00 57.82 1,029 0.337 44.00 57.82 1,235 0.406 44.00 57.82
62.5 1,153 0.268 44.00 55.42 961 0.333 44.00 55.42 1,153 0.403 44.00 55.42
57.5 1,071 0.248 44.00 55.00 892 0.334 44.00 55.00 1,071 0.403 44.00 55.00
52.5 988 0.237 44.00 55.00 824 0.338 44.00 55.00 988 0.405 44.00 55.00
47.5 1,128 0.256 44.00 55.00 940 0.331 44.00 55.00 0 0.000 44.00 n/a
42.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
37.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
32.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
27.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
22.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
17.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
12.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a

7.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a

Minimum ECWT condition has been reached for chiller(s):  CH-1, CH-2, CH-3
Tower cycling assumed to hold minimum ECWT.
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System PLV Report
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4b.  Chiller System Performance
CH-4 System

Bin 
Temp 

(F)

Load 
(Tons)

(kW/
Ton)

Lchwt 
(F)

Cond 
Temp 

(F)

Total 
(kW)

Total 
(kW/Ton)

97.5 650 0.413 44.00 67.53 2084 0.425
92.5 619 0.398 44.00 66.46 1921 0.412
87.5 588 0.385 44.00 65.37 1762 0.397
82.5 0 0.000 44.00 n/a 1700 0.405
77.5 0 0.000 44.00 n/a 1530 0.386
72.5 0 0.000 44.00 n/a 1370 0.367
67.5 0 0.000 44.00 n/a 1230 0.351
62.5 0 0.000 44.00 n/a 1093 0.334
57.5 0 0.000 44.00 n/a 995 0.328
52.5 0 0.000 44.00 n/a 913 0.326
47.5 0 0.000 44.00 n/a 599 0.290
42.5 0 0.000 44.00 n/a 0 0.000
37.5 0 0.000 44.00 n/a 0 0.000
32.5 0 0.000 44.00 n/a 0 0.000
27.5 0 0.000 44.00 n/a 0 0.000
22.5 0 0.000 44.00 n/a 0 0.000
17.5 0 0.000 44.00 n/a 0 0.000
12.5 0 0.000 44.00 n/a 0 0.000

7.5 0 0.000 44.00 n/a 0 0.000
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System PLV Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:58 PM

5.  SPLV Worksheet
Bin Temp 

(F)
Building 
Load (%)

Building 
Load 

(Tons)

Cooling 
Hours

Cooling (Ton-
hrs)

Bin Wgt 
Factor

System 
(kW/Ton)

Bin Ratio

97.5 100 4,900 82 401,800 0.0238 0.425 0.0559
92.5 95 4,667 245 1,143,345 0.0677 0.412 0.1645
87.5 90 4,433 263 1,165,992 0.0690 0.397 0.1737
82.5 86 4,200 313 1,314,645 0.0778 0.405 0.1923
77.5 81 3,967 392 1,555,008 0.0921 0.386 0.2388
72.5 76 3,734 517 1,930,256 0.1143 0.367 0.3114
67.5 71 3,500 525 1,837,650 0.1088 0.351 0.3097
62.5 67 3,267 575 1,878,525 0.1112 0.334 0.3326
57.5 62 3,034 721 2,187,308 0.1295 0.328 0.3949
52.5 57 2,800 685 1,918,293 0.1136 0.326 0.3484
47.5 42 2,067 752 1,554,459 0.0920 0.290 0.3175
42.5 37 1,834 776 0 0.0000 0.000 0.0000
37.5 33 1,601 857 0 0.0000 0.000 0.0000
32.5 28 1,367 828 0 0.0000 0.000 0.0000
27.5 23 1,134 671 0 0.0000 0.000 0.0000
22.5 18 901 221 0 0.0000 0.000 0.0000
17.5 14 667 135 0 0.0000 0.000 0.0000
12.5 9 434 70 0 0.0000 0.000 0.0000

7.5 4 201 132 0 0.0000 0.000 0.0000
Total: 5,070 16,887,281 1.0000 2.8398

Bin Wgt Factor = Bin Ton-hrs / Total Ton-hrs
Bin Ratio = [Bin Wgt Factor] / [System kW/Ton]
SPLV = 1 / [sum of Bin Ratios]
SPLV = 1 / [2.8398] = 0.352 kW/Ton

6.  Procedure for Calculating IPLV for Chillers

Procedure for Calculating IPLV for Water-Cooled Electric Chillers
Chiller 

Load (%)
LCHWT 

(F)
Cond 

Temp (F)
Wgt 

Factor
Chiller 

(kW/Ton)
Bin Ratio

100 44.00 85.00 0.01 A 0.01/A
75 44.00 75.00 0.42 B 0.42/B
50 44.00 65.00 0.45 C 0.45/C
25 44.00 65.00 0.12 D 0.12/D

Total: 1.00

IPLV = 1 / [sum of Bin Ratios]
IPLV = 1 / [0.10/A + 0.42/B + 0.45/C + 0.12/D]
per ARI Standard 550/590-1998
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1.  Summary of Custom Weighting Factors and ECWTs
Custom Weighting Factors Custom Entering Condenser 

Temperatures (F)
Chiller 25% 50% 75% 100% 25% 50% 75% 100%
CH-1 - Carrier 1500 Ton VFD 0.000 0.000 0.588 0.412 n/a n/a 55.5 63.1
CH-2 - Trane 1250 0.000 0.000 0.588 0.412 n/a n/a 55.5 63.1
CH-3 - Carrier 1500 Ton Constant 0.000 0.000 0.522 0.478 n/a n/a 55.7 63.1
CH-4 - Trane 650 0.000 0.000 0.000 1.000 n/a n/a n/a 66.1

2.  Input Data Summary

Weather
City Salt Lake City, Utah
Schedule On All Day: Weekday

On All Day: Saturday
On All Day: Sunday

Loads
User-Defined Load Profile

Chiller System
Name Combination A-1
Chillers in Plant 4
Plant Control Sequenced
Full Load LCHWT 44.0 F
Tower Configuration One Tower for System
Cooling Tower 6 Cell Tower(2)

 Detailed Cooling Tower Model
Free Cooling Plate-Frame Heat Exchanger

Sequence Chiller Name FL Capacity 
(Tons)

Full Load Power

CH-1     Carrier 1500 Ton VFD               1,500 0.482  kW/Ton
CH-2     Trane 1250                         1,250 0.473  kW/Ton
CH-3     Carrier 1500 Ton Constant          1,500 0.458  kW/Ton
CH-4     Trane 650                          650 0.473  kW/Ton
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3. Chiller System Operating Conditions
Bin Temp (F) Bin MCWB 

(F)
Building Load 

(%)
Building Load 

(Tons)
Chillers On Chiller Load 

(%)
97.5 61.5 100 4,900 4 100
92.5 60.5 95 4,667 4 95
87.5 59.5 90 4,433 4 90
82.5 57.9 86 4,200 3 99
77.5 55.9 81 3,967 3 93
72.5 54.2 76 3,734 3 88
67.5 51.9 71 3,500 3 82
62.5 49.5 67 3,267 3 77
57.5 47.1 62 3,034 3 71
52.5 43.8 57 2,800 3 66
47.5 40.4 42 2,067 2 75
42.5 36.9 37 1,834 0 0
37.5 33.4 33 1,601 0 0
32.5 29.4 28 1,367 0 0
27.5 25.1 23 1,134 0 0
22.5 20.8 18 901 0 0
17.5 16.0 14 667 0 0
12.5 11.2 9 434 0 0

7.5 5.9 4 201 0 0
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Custom PLV Factors Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:58 PM

4a.  Custom PLV Worksheet for CH-1  (Carrier 1500 Ton VFD)

Avg DB Cond Temp Total CWH Total Load Load 25% Bin 50% Bin 75% Bin 100% Bin
(F) (F) (Hrs) (Ton-hrs) (Tons)  (%) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs)

97.5 67.5 82 5,537 123,000 1,500 100 0 0 0 0 0 0 5,537 123,000
92.5 66.5 245 16,282 350,004 1,429 95 0 0 0 0 0 0 16,282 350,004
87.5 65.4 263 17,192 356,936 1,357 90 0 0 0 0 0 0 17,192 356,936
82.5 63.8 313 19,968 463,992 1,482 99 0 0 0 0 0 0 19,968 463,992
77.5 61.8 392 24,239 548,826 1,400 93 0 0 0 0 0 0 24,239 548,826
72.5 60.1 517 31,068 681,267 1,318 88 0 0 0 0 0 0 31,068 681,267
67.5 57.8 525 30,355 648,582 1,235 82 0 0 0 0 30,355 648,582 0 0
62.5 55.4 575 31,865 663,009 1,153 77 0 0 0 0 31,865 663,009 0 0
57.5 55.0 721 39,655 771,991 1,071 71 0 0 0 0 39,655 771,991 0 0
52.5 55.0 685 37,675 677,045 988 66 0 0 0 0 37,675 677,045 0 0
47.5 55.0 752 41,360 847,887 1,128 75 0 0 0 0 41,360 847,887 0 0
42.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
37.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
32.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
22.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
17.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
12.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0

7.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals: 5,070 295,197 6,132,540 0 0 0 0 180,910 3,608,514 114,287 2,524,026
Cust Wgt Factors: 0.000 0.000 0.588 0.412
Custom Entering Condenser Temperatures (F): n/a n/a 55.5 63.1
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Custom PLV Factors Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:58 PM

4b.  Custom PLV Worksheet for CH-2  (Trane 1250)

Avg DB Cond Temp Total CWH Total Load Load 25% Bin 50% Bin 75% Bin 100% Bin
(F) (F) (Hrs) (Ton-hrs) (Tons)  (%) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs)

97.5 67.5 82 5,537 102,500 1,250 100 0 0 0 0 0 0 5,537 102,500
92.5 66.5 245 16,282 291,670 1,190 95 0 0 0 0 0 0 16,282 291,670
87.5 65.4 263 17,192 297,447 1,131 90 0 0 0 0 0 0 17,192 297,447
82.5 63.8 313 19,968 386,660 1,235 99 0 0 0 0 0 0 19,968 386,660
77.5 61.8 392 24,239 457,355 1,167 93 0 0 0 0 0 0 24,239 457,355
72.5 60.1 517 31,068 567,723 1,098 88 0 0 0 0 0 0 31,068 567,723
67.5 57.8 525 30,355 540,485 1,029 82 0 0 0 0 30,355 540,485 0 0
62.5 55.4 575 31,865 552,507 961 77 0 0 0 0 31,865 552,507 0 0
57.5 55.0 721 39,655 643,326 892 71 0 0 0 0 39,655 643,326 0 0
52.5 55.0 685 37,675 564,204 824 66 0 0 0 0 37,675 564,204 0 0
47.5 55.0 752 41,360 706,572 940 75 0 0 0 0 41,360 706,572 0 0
42.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
37.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
32.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
22.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
17.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
12.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0

7.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals: 5,070 295,197 5,110,450 0 0 0 0 180,910 3,007,095 114,287 2,103,355
Cust Wgt Factors: 0.000 0.000 0.588 0.412
Custom Entering Condenser Temperatures (F): n/a n/a 55.5 63.1
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Custom PLV Factors Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:58 PM

4c.  Custom PLV Worksheet for CH-3  (Carrier 1500 Ton Constant)

Avg DB Cond Temp Total CWH Total Load Load 25% Bin 50% Bin 75% Bin 100% Bin
(F) (F) (Hrs) (Ton-hrs) (Tons)  (%) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs)

97.5 67.5 82 5,537 123,000 1,500 100 0 0 0 0 0 0 5,537 123,000
92.5 66.5 245 16,282 350,004 1,429 95 0 0 0 0 0 0 16,282 350,004
87.5 65.4 263 17,192 356,936 1,357 90 0 0 0 0 0 0 17,192 356,936
82.5 63.8 313 19,968 463,992 1,482 99 0 0 0 0 0 0 19,968 463,992
77.5 61.8 392 24,239 548,826 1,400 93 0 0 0 0 0 0 24,239 548,826
72.5 60.1 517 31,068 681,267 1,318 88 0 0 0 0 0 0 31,068 681,267
67.5 57.8 525 30,355 648,582 1,235 82 0 0 0 0 30,355 648,582 0 0
62.5 55.4 575 31,865 663,009 1,153 77 0 0 0 0 31,865 663,009 0 0
57.5 55.0 721 39,655 771,991 1,071 71 0 0 0 0 39,655 771,991 0 0
52.5 55.0 685 37,675 677,045 988 66 0 0 0 0 37,675 677,045 0 0
47.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
42.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
37.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
32.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
22.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
17.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
12.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0

7.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals: 4,318 253,837 5,284,653 0 0 0 0 139,550 2,760,627 114,287 2,524,026
Cust Wgt Factors: 0.000 0.000 0.522 0.478
Custom Entering Condenser Temperatures (F): n/a n/a 55.7 63.1
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Custom PLV Factors Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:58 PM

4d.  Custom PLV Worksheet for CH-4  (Trane 650)

Avg DB Cond Temp Total CWH Total Load Load 25% Bin 50% Bin 75% Bin 100% Bin
(F) (F) (Hrs) (Ton-hrs) (Tons)  (%) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs)

97.5 67.5 82 5,537 53,300 650 100 0 0 0 0 0 0 5,537 53,300
92.5 66.5 245 16,282 151,668 619 95 0 0 0 0 0 0 16,282 151,668
87.5 65.4 263 17,192 154,672 588 90 0 0 0 0 0 0 17,192 154,672
82.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
77.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
72.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
67.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
62.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
57.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
52.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
47.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
42.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
37.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
32.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
22.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
17.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
12.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0

7.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals: 590 39,012 359,641 0 0 0 0 0 0 39,012 359,641
Cust Wgt Factors: 0.000 0.000 0.000 1.000
Custom Entering Condenser Temperatures (F): n/a n/a n/a 66.1
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Custom PLV Factors Report
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:58 PM

KEY for Custom PLV Worksheet table(s):
[Avg DB] = Midpoint temperature for bin.
[Cond Temp] = Entering condenser temperature for bin.  Entering water temperature for water-cooled chillers.  Entering air temperature for air-cooled chillers.
[Tot Hrs] = Hours of operation in bin.
[CWH] = Condenser temperature hours.  [Tot Hrs] times [Cond Temp].  Later used to derive the four average entering condenser temperature values for the PLV calculation.
[Load] = Chiller load for bin.
[Load (%)] = Chiller load as a percentage of full load capacity.
[Total (Ton-hrs)] = Chiller [Load] times [Tot Hrs].  Later used to derive the four weighting factors for the PLV calculation.
[Bin (CWH)] = [CWH] values separated into the four PLV bins: 25%, 50%, 75% and 100% load according to chiller load for each bin.
[Bin (Ton-hrs)] = Values separated into the four PLV bins: 25%, 50%, 75% and 100% load according to the chiller load for each bin.
[Cust Wgt Factor] = The four custom PLV weighting factors.  [Total (Ton-hrs)] for PLV Bin divided by [Total (Ton-hrs)] for the chiller.
[Cust Ent Cond Temps] = The four custom condenser temperature values for the PLV calculation = [Total (CWH)] for PLV bin divided by [Tot Hrs] in the PLV bin.
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System Load Profiles
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:58 PM
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Note:  Individual chiller curves in this graph have been adjusted up or down so the number of chillers operating at each point can be 
seen.  If the curves had not been adjusted, all curves would lie on top of each other.  Because of the adjustment each chiller load 
shown on the graph is only accurate to within a few percentage points plus or minus of the original calculated values.

2.  Input Data Summary

Weather
City Salt Lake City, Utah
Schedule On All Day: Weekday

On All Day: Saturday
On All Day: Sunday

Loads
User-Defined Load Profile

Chiller System
Name Combination A-1
Chillers in Plant 4
Plant Control Sequenced
Full Load LCHWT 44.0 F
Tower Configuration One Tower for System
Cooling Tower 6 Cell Tower(2)

 Detailed Cooling Tower Model
Free Cooling Plate-Frame Heat Exchanger

Sequence Chiller Name FL Capacity 
(Tons)

Full Load Power

CH-1     Carrier 1500 Ton VFD               1,500 0.482  kW/Ton
CH-2     Trane 1250                         1,250 0.473  kW/Ton
CH-3     Carrier 1500 Ton Constant          1,500 0.458  kW/Ton
CH-4     Trane 650                          650 0.473  kW/Ton
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System Performance Profile
Project:  Weber State Chiller University 09/15/2005
Prepared By:   03:58 PM
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2.  Input Data Summary

Weather
City Salt Lake City, Utah
Schedule On All Day: Weekday

On All Day: Saturday
On All Day: Sunday

Loads
User-Defined Load Profile

Chiller System
Name Combination A-1
Chillers in Plant 4
Plant Control Sequenced
Full Load LCHWT 44.0 F
Tower Configuration One Tower for System
Cooling Tower 6 Cell Tower(2)

 Detailed Cooling Tower Model
Free Cooling Plate-Frame Heat Exchanger

Sequence Chiller Name FL Capacity 
(Tons)

Full Load Power

CH-1     Carrier 1500 Ton VFD               1,500 0.482  kW/Ton
CH-2     Trane 1250                         1,250 0.473  kW/Ton
CH-3     Carrier 1500 Ton Constant          1,500 0.458  kW/Ton
CH-4     Trane 650                          650 0.473  kW/Ton
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5 Year Constant Dollar Cost Model

Chiller Combination F
Two new 1700 with vfds 

Approximate Energy Cost

Chilled Water Condenser Water Tons KW/Ton KW Hours kWH Demand Cost Energy Use Cost
LWT  ْF EWT  ْF EWT  ْF LWT  ْF $8.78/kW/month $0.0286340/kWH

44 54 80 3647 0.4 1458.8 82 119621.6 $25,616.53 $3,425.24
44 54 75 3282 0.382 1253.84 245 307190.5 $8,796.09
44 54 80 2954 0.363 1072.33 263 282022.1 $18,830.07 $8,075.42
44 54 75 2659 0.371 986.364 313 308731.9 $8,840.23
44 54 75 2393 0.345 825.515 392 323601.8 $7,248.02 $9,266.01
44 54 70 2154 0.319 686.972 517 355164.5 $10,169.78
44 54 75 1938 0.287 556.253 525 292033.1 $4,883.91 $8,362.07
44 54 70 1744 0.252 439.576 575 252756.1 $7,237.42
44 54 70 1570 0.246 386.199 721 278449.4 $7,973.12
44 54 65 1413 0.245 346.166 685 237123.7 $6,789.80
44 54 65 1272 0.268 340.797 752 256279.3 $2,992.20 $7,338.30

5070
Annual Energy Cost $145,844.22
5 Year Energy Cost: $729,221.08
Chiller Purchase Price: 1,197,000

5 Year Life Cycle Evaluation Total: $1,926,221.08



System PLV Report
Project:  Weber State University                       ----- 09/15/2005
Prepared By:   04:11 PM

1.  Executive Summary
System Part Load Value (SPLV): PLV

Combination F 0.293 kW/Ton
IPLV or NPLV (ARI 550/590-1998):

Carrier 1700 Ton VFD 0.300 kW/Ton
Trane 1250 0.354 kW/Ton
Carrier 1700 Ton VFD 0.300 kW/Ton
Trane 650 0.354 kW/Ton

2.  Input Data Summary

Weather
City Salt Lake City, Utah
Schedule On All Day: Weekday

On All Day: Saturday
On All Day: Sunday

Loads
User-Defined Load Profile

Chiller System
Name Combination F
Chillers in Plant 4
Plant Control Sequenced
Full Load LCHWT 44.0 F
Tower Configuration One Tower for System
Cooling Tower 6 Cell Tower (1)

 Detailed Cooling Tower Model
Free Cooling Plate-Frame Heat Exchanger

Sequence Chiller Name FL Capacity 
(Tons)

Full Load Power

CH-1     Carrier 1700 Ton VFD               1,700 0.490  kW/Ton
CH-2     Trane 1250                         1,250 0.473  kW/Ton
CH-3     Carrier 1700 Ton VFD               1,700 0.490  kW/Ton
CH-4     Trane 650                          650 0.473  kW/Ton
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System PLV Report
Project:  Weber State University                       ----- 09/15/2005
Prepared By:   04:11 PM

3. Chiller System Operating Conditions
Bin Temp (F) Bin MCWB 

(F)
Building Load 

(%)
Building Load 

(Tons)
Chillers On Chiller Load 

(%)
97.5 61.5 100 5,300 4 100
92.5 60.5 95 5,048 4 95
87.5 59.5 90 4,795 4 90
82.5 57.9 86 4,542 3 98
77.5 55.9 81 4,290 3 92
72.5 54.2 76 4,039 3 87
67.5 51.9 71 3,786 3 81
62.5 49.5 67 3,534 3 76
57.5 47.1 62 3,281 3 71
52.5 43.8 57 3,029 3 65
47.5 40.4 42 2,235 2 76
42.5 36.9 37 1,984 0 0
37.5 33.4 33 1,731 0 0
32.5 29.4 28 1,479 0 0
27.5 25.1 23 1,227 0 0
22.5 20.8 17 916 0 0
17.5 16.0 14 750 0 0
12.5 11.2 9 501 0 0

7.5 5.9 4 216 0 0
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System PLV Report
Project:  Weber State University                       ----- 09/15/2005
Prepared By:   04:11 PM

4a.  Chiller System Performance
CH-1 CH-2 CH-3

Bin 
Temp 

(F)

Load 
(Tons)

(kW/
Ton)

Lchwt 
(F)

Cond 
Temp 

(F)

Load 
(Tons)

(kW/
Ton)

Lchwt 
(F)

Cond 
Temp 

(F)

Load 
(Tons)

(kW/
Ton)

Lchwt 
(F)

Cond 
Temp 

(F)
97.5 1,700 0.399 44.00 66.28 1,250 0.402 44.00 66.28 1,700 0.399 44.00 66.28
92.5 1,619 0.379 44.00 65.20 1,191 0.388 44.00 65.20 1,619 0.379 44.00 65.20
87.5 1,538 0.357 44.00 64.11 1,131 0.375 44.00 64.11 1,538 0.357 44.00 64.11
82.5 1,661 0.373 44.00 62.51 1,221 0.367 44.00 62.51 1,661 0.373 44.00 62.51
77.5 1,568 0.344 44.00 60.51 1,153 0.347 44.00 60.51 1,568 0.344 44.00 60.51
72.5 1,477 0.312 44.00 58.75 1,086 0.340 44.00 58.75 1,477 0.312 44.00 58.75
67.5 1,384 0.269 44.00 56.43 1,018 0.336 44.00 56.43 1,384 0.269 44.00 56.43
62.5 1,292 0.223 44.00 55.00 950 0.332 44.00 55.00 1,292 0.223 44.00 55.00
57.5 1,200 0.214 44.00 55.00 882 0.334 44.00 55.00 1,200 0.214 44.00 55.00
52.5 1,107 0.211 44.00 55.00 814 0.339 44.00 55.00 1,107 0.211 44.00 55.00
47.5 1,288 0.221 44.00 55.00 947 0.332 44.00 55.00 0 0.000 44.00 n/a
42.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
37.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
32.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
27.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
22.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
17.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
12.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a

7.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a

Minimum ECWT condition has been reached for chiller(s):  CH-1, CH-2, CH-3
Tower cycling assumed to hold minimum ECWT.
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System PLV Report
Project:  Weber State University                       ----- 09/15/2005
Prepared By:   04:11 PM

4b.  Chiller System Performance
CH-4 System

Bin 
Temp 

(F)

Load 
(Tons)

(kW/
Ton)

Lchwt 
(F)

Cond 
Temp 

(F)

Total 
(kW)

Total 
(kW/Ton)

97.5 650 0.402 44.00 66.28 2119 0.400
92.5 619 0.388 44.00 65.20 1929 0.382
87.5 588 0.375 44.00 64.11 1742 0.363
82.5 0 0.000 44.00 n/a 1687 0.371
77.5 0 0.000 44.00 n/a 1479 0.345
72.5 0 0.000 44.00 n/a 1290 0.319
67.5 0 0.000 44.00 n/a 1086 0.287
62.5 0 0.000 44.00 n/a 892 0.252
57.5 0 0.000 44.00 n/a 808 0.246
52.5 0 0.000 44.00 n/a 742 0.245
47.5 0 0.000 44.00 n/a 599 0.268
42.5 0 0.000 44.00 n/a 0 0.000
37.5 0 0.000 44.00 n/a 0 0.000
32.5 0 0.000 44.00 n/a 0 0.000
27.5 0 0.000 44.00 n/a 0 0.000
22.5 0 0.000 44.00 n/a 0 0.000
17.5 0 0.000 44.00 n/a 0 0.000
12.5 0 0.000 44.00 n/a 0 0.000

7.5 0 0.000 44.00 n/a 0 0.000
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System PLV Report
Project:  Weber State University                       ----- 09/15/2005
Prepared By:   04:11 PM

5.  SPLV Worksheet
Bin Temp 

(F)
Building 
Load (%)

Building 
Load 

(Tons)

Cooling 
Hours

Cooling (Ton-
hrs)

Bin Wgt 
Factor

System 
(kW/Ton)

Bin Ratio

97.5 100 5,300 82 434,600 0.0238 0.400 0.0595
92.5 95 5,048 245 1,236,760 0.0677 0.382 0.1772
87.5 90 4,795 263 1,261,085 0.0690 0.363 0.1901
82.5 86 4,542 313 1,421,646 0.0778 0.371 0.2095
77.5 81 4,290 392 1,681,680 0.0921 0.345 0.2671
72.5 76 4,039 517 2,088,163 0.1143 0.319 0.3580
67.5 71 3,786 525 1,987,650 0.1088 0.287 0.3794
62.5 67 3,534 575 2,032,050 0.1113 0.252 0.4410
57.5 62 3,281 721 2,365,601 0.1295 0.246 0.5262
52.5 57 3,029 685 2,074,865 0.1136 0.245 0.4636
47.5 42 2,235 752 1,680,720 0.0920 0.268 0.3432
42.5 37 1,984 776 0 0.0000 0.000 0.0000
37.5 33 1,731 857 0 0.0000 0.000 0.0000
32.5 28 1,479 828 0 0.0000 0.000 0.0000
27.5 23 1,227 671 0 0.0000 0.000 0.0000
22.5 17 916 221 0 0.0000 0.000 0.0000
17.5 14 750 135 0 0.0000 0.000 0.0000
12.5 9 501 70 0 0.0000 0.000 0.0000

7.5 4 216 132 0 0.0000 0.000 0.0000
Total: 5,070 18,264,820 1.0000 3.4148

Bin Wgt Factor = Bin Ton-hrs / Total Ton-hrs
Bin Ratio = [Bin Wgt Factor] / [System kW/Ton]
SPLV = 1 / [sum of Bin Ratios]
SPLV = 1 / [3.4148] = 0.293 kW/Ton

6.  Procedure for Calculating IPLV for Chillers

Procedure for Calculating IPLV for Water-Cooled Electric Chillers
Chiller 

Load (%)
LCHWT 

(F)
Cond 

Temp (F)
Wgt 

Factor
Chiller 

(kW/Ton)
Bin Ratio

100 44.00 85.00 0.01 A 0.01/A
75 44.00 75.00 0.42 B 0.42/B
50 44.00 65.00 0.45 C 0.45/C
25 44.00 65.00 0.12 D 0.12/D

Total: 1.00

IPLV = 1 / [sum of Bin Ratios]
IPLV = 1 / [0.10/A + 0.42/B + 0.45/C + 0.12/D]
per ARI Standard 550/590-1998
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Custom PLV Factors Report
Project:  Weber State University                       ----- 09/15/2005
Prepared By:   04:11 PM

1.  Summary of Custom Weighting Factors and ECWTs
Custom Weighting Factors Custom Entering Condenser 

Temperatures (F)
Chiller 25% 50% 75% 100% 25% 50% 75% 100%
CH-1 - Carrier 1700 Ton VFD 0.000 0.000 0.677 0.323 n/a n/a 55.8 63.0
CH-2 - Trane 1250 0.000 0.000 0.699 0.301 n/a n/a 55.7 63.0
CH-3 - Carrier 1700 Ton VFD 0.000 0.000 0.677 0.323 n/a n/a 55.8 63.0
CH-4 - Trane 650 0.000 0.000 0.000 1.000 n/a n/a n/a 64.9

2.  Input Data Summary

Weather
City Salt Lake City, Utah
Schedule On All Day: Weekday

On All Day: Saturday
On All Day: Sunday

Loads
User-Defined Load Profile

Chiller System
Name Combination F
Chillers in Plant 4
Plant Control Sequenced
Full Load LCHWT 44.0 F
Tower Configuration One Tower for System
Cooling Tower 6 Cell Tower (1)

 Detailed Cooling Tower Model
Free Cooling Plate-Frame Heat Exchanger

Sequence Chiller Name FL Capacity 
(Tons)

Full Load Power

CH-1     Carrier 1700 Ton VFD               1,700 0.490  kW/Ton
CH-2     Trane 1250                         1,250 0.473  kW/Ton
CH-3     Carrier 1700 Ton VFD               1,700 0.490  kW/Ton
CH-4     Trane 650                          650 0.473  kW/Ton
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3. Chiller System Operating Conditions
Bin Temp (F) Bin MCWB 

(F)
Building Load 

(%)
Building Load 

(Tons)
Chillers On Chiller Load 

(%)
97.5 61.5 100 5,300 4 100
92.5 60.5 95 5,048 4 95
87.5 59.5 90 4,795 4 90
82.5 57.9 86 4,542 3 98
77.5 55.9 81 4,290 3 92
72.5 54.2 76 4,039 3 87
67.5 51.9 71 3,786 3 81
62.5 49.5 67 3,534 3 76
57.5 47.1 62 3,281 3 71
52.5 43.8 57 3,029 3 65
47.5 40.4 42 2,235 2 76
42.5 36.9 37 1,984 0 0
37.5 33.4 33 1,731 0 0
32.5 29.4 28 1,479 0 0
27.5 25.1 23 1,227 0 0
22.5 20.8 17 916 0 0
17.5 16.0 14 750 0 0
12.5 11.2 9 501 0 0

7.5 5.9 4 216 0 0
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4a.  Custom PLV Worksheet for CH-1  (Carrier 1700 Ton VFD)

Avg DB Cond Temp Total CWH Total Load Load 25% Bin 50% Bin 75% Bin 100% Bin
(F) (F) (Hrs) (Ton-hrs) (Tons)  (%) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs)

97.5 66.3 82 5,435 139,400 1,700 100 0 0 0 0 0 0 5,435 139,400
92.5 65.2 245 15,974 396,697 1,619 95 0 0 0 0 0 0 15,974 396,697
87.5 64.1 263 16,860 404,499 1,538 90 0 0 0 0 0 0 16,860 404,499
82.5 62.5 313 19,566 519,742 1,661 98 0 0 0 0 0 0 19,566 519,742
77.5 60.5 392 23,720 614,808 1,568 92 0 0 0 0 0 0 23,720 614,808
72.5 58.8 517 30,374 763,414 1,477 87 0 0 0 0 30,374 763,414 0 0
67.5 56.4 525 29,625 726,668 1,384 81 0 0 0 0 29,625 726,668 0 0
62.5 55.0 575 31,625 742,900 1,292 76 0 0 0 0 31,625 742,900 0 0
57.5 55.0 721 39,655 864,843 1,200 71 0 0 0 0 39,655 864,843 0 0
52.5 55.0 685 37,675 758,553 1,107 65 0 0 0 0 37,675 758,553 0 0
47.5 55.0 752 41,360 968,551 1,288 76 0 0 0 0 41,360 968,551 0 0
42.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
37.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
32.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
22.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
17.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
12.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0

7.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals: 5,070 291,869 6,900,074 0 0 0 0 210,315 4,824,929 81,554 2,075,145
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4b.  Custom PLV Worksheet for CH-2  (Trane 1250)

Avg DB Cond Temp Total CWH Total Load Load 25% Bin 50% Bin 75% Bin 100% Bin
(F) (F) (Hrs) (Ton-hrs) (Tons)  (%) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs)

97.5 66.3 82 5,435 102,500 1,250 100 0 0 0 0 0 0 5,435 102,500
92.5 65.2 245 15,974 291,689 1,191 95 0 0 0 0 0 0 15,974 291,689
87.5 64.1 263 16,860 297,426 1,131 90 0 0 0 0 0 0 16,860 297,426
82.5 62.5 313 19,566 382,163 1,221 98 0 0 0 0 0 0 19,566 382,163
77.5 60.5 392 23,720 452,065 1,153 92 0 0 0 0 0 0 23,720 452,065
72.5 58.8 517 30,374 561,334 1,086 87 0 0 0 0 30,374 561,334 0 0
67.5 56.4 525 29,625 534,315 1,018 81 0 0 0 0 29,625 534,315 0 0
62.5 55.0 575 31,625 546,250 950 76 0 0 0 0 31,625 546,250 0 0
57.5 55.0 721 39,655 635,914 882 71 0 0 0 0 39,655 635,914 0 0
52.5 55.0 685 37,675 557,759 814 65 0 0 0 0 37,675 557,759 0 0
47.5 55.0 752 41,360 712,170 947 76 0 0 0 0 41,360 712,170 0 0
42.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
37.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
32.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
22.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
17.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
12.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0

7.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals: 5,070 291,869 5,073,584 0 0 0 0 210,315 3,547,742 81,554 1,525,842
Cust Wgt Factors: 0.000 0.000 0.699 0.301
Custom Entering Condenser Temperatures (F): n/a n/a 55.7 63.0
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4c.  Custom PLV Worksheet for CH-3  (Carrier 1700 Ton VFD)

Avg DB Cond Temp Total CWH Total Load Load 25% Bin 50% Bin 75% Bin 100% Bin
(F) (F) (Hrs) (Ton-hrs) (Tons)  (%) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs)

97.5 66.3 82 5,435 139,400 1,700 100 0 0 0 0 0 0 5,435 139,400
92.5 65.2 245 15,974 396,697 1,619 95 0 0 0 0 0 0 15,974 396,697
87.5 64.1 263 16,860 404,499 1,538 90 0 0 0 0 0 0 16,860 404,499
82.5 62.5 313 19,566 519,742 1,661 98 0 0 0 0 0 0 19,566 519,742
77.5 60.5 392 23,720 614,808 1,568 92 0 0 0 0 0 0 23,720 614,808
72.5 58.8 517 30,374 763,414 1,477 87 0 0 0 0 30,374 763,414 0 0
67.5 56.4 525 29,625 726,668 1,384 81 0 0 0 0 29,625 726,668 0 0
62.5 55.0 575 31,625 742,900 1,292 76 0 0 0 0 31,625 742,900 0 0
57.5 55.0 721 39,655 864,843 1,200 71 0 0 0 0 39,655 864,843 0 0
52.5 55.0 685 37,675 758,553 1,107 65 0 0 0 0 37,675 758,553 0 0
47.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
42.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
37.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
32.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
22.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
17.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
12.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0

7.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals: 4,318 250,509 5,931,524 0 0 0 0 168,955 3,856,378 81,554 2,075,145
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4d.  Custom PLV Worksheet for CH-4  (Trane 650)

Avg DB Cond Temp Total CWH Total Load Load 25% Bin 50% Bin 75% Bin 100% Bin
(F) (F) (Hrs) (Ton-hrs) (Tons)  (%) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs)

97.5 66.3 82 5,435 53,300 650 100 0 0 0 0 0 0 5,435 53,300
92.5 65.2 245 15,974 151,678 619 95 0 0 0 0 0 0 15,974 151,678
87.5 64.1 263 16,860 154,661 588 90 0 0 0 0 0 0 16,860 154,661
82.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
77.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
72.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
67.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
62.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
57.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
52.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
47.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
42.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
37.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
32.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
22.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
17.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
12.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0

7.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals: 590 38,269 359,640 0 0 0 0 0 0 38,269 359,640
Cust Wgt Factors: 0.000 0.000 0.000 1.000
Custom Entering Condenser Temperatures (F): n/a n/a n/a 64.9
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KEY for Custom PLV Worksheet table(s):
[Avg DB] = Midpoint temperature for bin.
[Cond Temp] = Entering condenser temperature for bin.  Entering water temperature for water-cooled chillers.  Entering air temperature for air-cooled chillers.
[Tot Hrs] = Hours of operation in bin.
[CWH] = Condenser temperature hours.  [Tot Hrs] times [Cond Temp].  Later used to derive the four average entering condenser temperature values for the PLV calculation.
[Load] = Chiller load for bin.
[Load (%)] = Chiller load as a percentage of full load capacity.
[Total (Ton-hrs)] = Chiller [Load] times [Tot Hrs].  Later used to derive the four weighting factors for the PLV calculation.
[Bin (CWH)] = [CWH] values separated into the four PLV bins: 25%, 50%, 75% and 100% load according to chiller load for each bin.
[Bin (Ton-hrs)] = Values separated into the four PLV bins: 25%, 50%, 75% and 100% load according to the chiller load for each bin.
[Cust Wgt Factor] = The four custom PLV weighting factors.  [Total (Ton-hrs)] for PLV Bin divided by [Total (Ton-hrs)] for the chiller.
[Cust Ent Cond Temps] = The four custom condenser temperature values for the PLV calculation = [Total (CWH)] for PLV bin divided by [Tot Hrs] in the PLV bin.

5a.  Average Weighting Factors and Entering Condenser Temperatures (CH-1, CH-3)

25% Bin 50% Bin 75% Bin 100% Bin
Chiller Hrs CWH  Ton-hrs Hrs CWH  Ton-hrs Hrs CWH  Ton-hrs Hrs CWH  Ton-hrs

CH-1 0 0 0 0 0 0 3,775 210,315 4,824,929 1,295 81,554 2,075,145
CH-3 0 0 0 0 0 0 3,023 168,955 3,856,378 1,295 81,554 2,075,145
Totals: 0 0 0 0 0 0 6,798 379,269 8,681,307 2,590 163,109 4,150,290
Cust Wgt Factor: 0.000 0.000 0.677 0.323
Cust Ent Cond Temps (F): n/a n/a 55.8 63.0

Grand Total Ton-hrs = 12,831,597

Average weighting factors and entering condenser temperatures are calculated because the following chillers are all identical:  CH-1, CH-3.  Over the life of the chiller plant, these 
chillers will be rotated to operate in each of the CH-1, CH-3 sequencing positions.  Therefore, a lifecycle PLV must consider each chiller operating in each of these sequencing 
positions.
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Note:  Individual chiller curves in this graph have been adjusted up or down so the number of chillers operating at each point can be 
seen.  If the curves had not been adjusted, all curves would lie on top of each other.  Because of the adjustment each chiller load 
shown on the graph is only accurate to within a few percentage points plus or minus of the original calculated values.

2.  Input Data Summary

Weather
City Salt Lake City, Utah
Schedule On All Day: Weekday

On All Day: Saturday
On All Day: Sunday

Loads
User-Defined Load Profile

Chiller System
Name Combination F
Chillers in Plant 4
Plant Control Sequenced
Full Load LCHWT 44.0 F
Tower Configuration One Tower for System
Cooling Tower 6 Cell Tower (1)

 Detailed Cooling Tower Model
Free Cooling Plate-Frame Heat Exchanger

Sequence Chiller Name FL Capacity 
(Tons)

Full Load Power

CH-1     Carrier 1700 Ton VFD               1,700 0.490  kW/Ton
CH-2     Trane 1250                         1,250 0.473  kW/Ton
CH-3     Carrier 1700 Ton VFD               1,700 0.490  kW/Ton
CH-4     Trane 650                          650 0.473  kW/Ton
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2.  Input Data Summary

Weather
City Salt Lake City, Utah
Schedule On All Day: Weekday

On All Day: Saturday
On All Day: Sunday

Loads
User-Defined Load Profile

Chiller System
Name Combination F
Chillers in Plant 4
Plant Control Sequenced
Full Load LCHWT 44.0 F
Tower Configuration One Tower for System
Cooling Tower 6 Cell Tower (1)

 Detailed Cooling Tower Model
Free Cooling Plate-Frame Heat Exchanger

Sequence Chiller Name FL Capacity 
(Tons)

Full Load Power

CH-1     Carrier 1700 Ton VFD               1,700 0.490  kW/Ton
CH-2     Trane 1250                         1,250 0.473  kW/Ton
CH-3     Carrier 1700 Ton VFD               1,700 0.490  kW/Ton
CH-4     Trane 650                          650 0.473  kW/Ton
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5 Year Constant Dollar Cost Model

Chiller Combination F-1
One new 1700 with vfd, 1 without

Approximate Energy Cost

Chilled Water Condenser Water Tons KW/Ton KW Hours kWH Demand Cost Energy Use Cost
LWT  ْF EWT  ْF EWT  ْF LWT  ْF $8.78/kW/month $0.0286340/kWH

44 54 80 3647 0.405 1477.04 82 121116.9 $25,936.73 $3,468.06
44 54 75 3282 0.393 1289.94 245 316036.3 $9,049.38
44 54 80 2954 0.38 1122.55 263 295229.8 $19,711.92 $8,453.61
44 54 75 2659 0.383 1018.27 313 318717.9 $9,126.17
44 54 75 2393 0.366 875.764 392 343299.3 $7,689.20 $9,830.03
44 54 70 2154 0.351 755.884 517 390792.3 $11,189.95
44 54 75 1938 0.334 647.347 525 339857.3 $5,683.71 $9,731.47
44 54 70 1744 0.317 552.959 575 317951.2 $9,104.21
44 54 70 1570 0.318 499.233 721 359946.7 $10,306.71
44 54 65 1413 0.321 453.548 685 310680.5 $8,896.02
44 54 65 1272 0.268 340.797 752 256279.3 $2,992.20 $7,338.30

5070
Annual Energy Cost $158,507.69
5 Year Energy Cost: $792,538.44
Chiller Purchase Price: 1,152,000

5 Year Life Cycle Evaluation Total: $1,944,538.44



System PLV Report
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1.  Executive Summary
System Part Load Value (SPLV): PLV

Combination F-1 0.336 kW/Ton
IPLV or NPLV (ARI 550/590-1998):

Carrier 1700 Ton VFD 0.300 kW/Ton
Trane 1250 0.354 kW/Ton
Carrier 1700 Ton Constant 0.462 kW/Ton
Trane 650 0.354 kW/Ton

2.  Input Data Summary

Weather
City Salt Lake City, Utah
Schedule On All Day: Weekday

On All Day: Saturday
On All Day: Sunday

Loads
User-Defined Load Profile

Chiller System
Name Combination F-1
Chillers in Plant 4
Plant Control Sequenced
Full Load LCHWT 44.0 F
Tower Configuration One Tower for System
Cooling Tower 6 Cell Tower (2)

 Detailed Cooling Tower Model
Free Cooling Plate-Frame Heat Exchanger

Sequence Chiller Name FL Capacity 
(Tons)

Full Load Power

CH-1     Carrier 1700 Ton VFD               1,700 0.490  kW/Ton
CH-2     Trane 1250                         1,250 0.473  kW/Ton
CH-3     Carrier 1700 Ton Constant          1,732 0.470  kW/Ton
CH-4     Trane 650                          650 0.473  kW/Ton
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3. Chiller System Operating Conditions
Bin Temp (F) Bin MCWB 

(F)
Building Load 

(%)
Building Load 

(Tons)
Chillers On Chiller Load 

(%)
97.5 61.5 100 5,300 4 99
92.5 60.5 95 5,048 4 95
87.5 59.5 90 4,795 4 90
82.5 57.9 86 4,542 3 97
77.5 55.9 81 4,290 3 92
72.5 54.2 76 4,039 3 86
67.5 51.9 71 3,786 3 81
62.5 49.5 67 3,534 3 75
57.5 47.1 62 3,281 3 70
52.5 43.8 57 3,029 3 65
47.5 40.4 42 2,235 2 76
42.5 36.9 37 1,984 0 0
37.5 33.4 33 1,731 0 0
32.5 29.4 28 1,479 0 0
27.5 25.1 23 1,227 0 0
22.5 20.8 17 916 0 0
17.5 16.0 14 750 0 0
12.5 11.2 9 501 0 0

7.5 5.9 4 216 0 0
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4a.  Chiller System Performance
CH-1 CH-2 CH-3

Bin 
Temp 

(F)

Load 
(Tons)

(kW/
Ton)

Lchwt 
(F)

Cond 
Temp 

(F)

Load 
(Tons)

(kW/
Ton)

Lchwt 
(F)

Cond 
Temp 

(F)

Load 
(Tons)

(kW/
Ton)

Lchwt 
(F)

Cond 
Temp 

(F)
97.5 1,690 0.397 44.00 66.28 1,242 0.401 44.00 66.28 1,722 0.416 44.00 66.28
92.5 1,609 0.377 44.00 65.21 1,183 0.388 44.00 65.21 1,640 0.413 44.00 65.21
87.5 1,529 0.355 44.00 64.13 1,124 0.374 44.00 64.13 1,558 0.411 44.00 64.13
82.5 1,649 0.371 44.00 62.52 1,213 0.367 44.00 62.52 1,680 0.406 44.00 62.52
77.5 1,558 0.342 44.00 60.53 1,145 0.347 44.00 60.53 1,587 0.403 44.00 60.53
72.5 1,467 0.309 44.00 58.78 1,078 0.339 44.00 58.78 1,494 0.401 44.00 58.78
67.5 1,375 0.266 44.00 56.48 1,011 0.336 44.00 56.48 1,401 0.400 44.00 56.48
62.5 1,283 0.219 44.00 55.00 944 0.331 44.00 55.00 1,307 0.403 44.00 55.00
57.5 1,191 0.213 44.00 55.00 876 0.335 44.00 55.00 1,214 0.409 44.00 55.00
52.5 1,100 0.210 44.00 55.00 809 0.339 44.00 55.00 1,121 0.416 44.00 55.00
47.5 1,288 0.221 44.00 55.00 947 0.332 44.00 55.00 0 0.000 44.00 n/a
42.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
37.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
32.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
27.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
22.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
17.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a
12.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a

7.5 0 0.000 44.00 n/a 0 0.000 44.00 n/a 0 0.000 44.00 n/a

Minimum ECWT condition has been reached for chiller(s):  CH-1, CH-2, CH-3
Tower cycling assumed to hold minimum ECWT.
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4b.  Chiller System Performance
CH-4 System

Bin 
Temp 

(F)

Load 
(Tons)

(kW/
Ton)

Lchwt 
(F)

Cond 
Temp 

(F)

Total 
(kW)

Total 
(kW/Ton)

97.5 646 0.401 44.00 66.28 2144 0.405
92.5 615 0.388 44.00 65.21 1982 0.393
87.5 585 0.374 44.00 64.13 1823 0.380
82.5 0 0.000 44.00 n/a 1739 0.383
77.5 0 0.000 44.00 n/a 1569 0.366
72.5 0 0.000 44.00 n/a 1419 0.351
67.5 0 0.000 44.00 n/a 1266 0.334
62.5 0 0.000 44.00 n/a 1121 0.317
57.5 0 0.000 44.00 n/a 1043 0.318
52.5 0 0.000 44.00 n/a 971 0.321
47.5 0 0.000 44.00 n/a 599 0.268
42.5 0 0.000 44.00 n/a 0 0.000
37.5 0 0.000 44.00 n/a 0 0.000
32.5 0 0.000 44.00 n/a 0 0.000
27.5 0 0.000 44.00 n/a 0 0.000
22.5 0 0.000 44.00 n/a 0 0.000
17.5 0 0.000 44.00 n/a 0 0.000
12.5 0 0.000 44.00 n/a 0 0.000

7.5 0 0.000 44.00 n/a 0 0.000
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5.  SPLV Worksheet
Bin Temp 

(F)
Building 
Load (%)

Building 
Load 

(Tons)

Cooling 
Hours

Cooling (Ton-
hrs)

Bin Wgt 
Factor

System 
(kW/Ton)

Bin Ratio

97.5 100 5,300 82 434,600 0.0238 0.405 0.0588
92.5 95 5,048 245 1,236,760 0.0677 0.393 0.1725
87.5 90 4,795 263 1,261,085 0.0690 0.380 0.1817
82.5 86 4,542 313 1,421,646 0.0778 0.383 0.2033
77.5 81 4,290 392 1,681,680 0.0921 0.366 0.2518
72.5 76 4,039 517 2,088,163 0.1143 0.351 0.3253
67.5 71 3,786 525 1,987,650 0.1088 0.334 0.3255
62.5 67 3,534 575 2,032,050 0.1113 0.317 0.3509
57.5 62 3,281 721 2,365,601 0.1295 0.318 0.4073
52.5 57 3,029 685 2,074,865 0.1136 0.321 0.3542
47.5 42 2,235 752 1,680,720 0.0920 0.268 0.3432
42.5 37 1,984 776 0 0.0000 0.000 0.0000
37.5 33 1,731 857 0 0.0000 0.000 0.0000
32.5 28 1,479 828 0 0.0000 0.000 0.0000
27.5 23 1,227 671 0 0.0000 0.000 0.0000
22.5 17 916 221 0 0.0000 0.000 0.0000
17.5 14 750 135 0 0.0000 0.000 0.0000
12.5 9 501 70 0 0.0000 0.000 0.0000

7.5 4 216 132 0 0.0000 0.000 0.0000
Total: 5,070 18,264,820 1.0000 2.9745

Bin Wgt Factor = Bin Ton-hrs / Total Ton-hrs
Bin Ratio = [Bin Wgt Factor] / [System kW/Ton]
SPLV = 1 / [sum of Bin Ratios]
SPLV = 1 / [2.9745] = 0.336 kW/Ton

6.  Procedure for Calculating IPLV for Chillers

Procedure for Calculating IPLV for Water-Cooled Electric Chillers
Chiller 

Load (%)
LCHWT 

(F)
Cond 

Temp (F)
Wgt 

Factor
Chiller 

(kW/Ton)
Bin Ratio

100 44.00 85.00 0.01 A 0.01/A
75 44.00 75.00 0.42 B 0.42/B
50 44.00 65.00 0.45 C 0.45/C
25 44.00 65.00 0.12 D 0.12/D

Total: 1.00

IPLV = 1 / [sum of Bin Ratios]
IPLV = 1 / [0.10/A + 0.42/B + 0.45/C + 0.12/D]
per ARI Standard 550/590-1998
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1.  Summary of Custom Weighting Factors and ECWTs
Custom Weighting Factors Custom Entering Condenser 

Temperatures (F)
Chiller 25% 50% 75% 100% 25% 50% 75% 100%
CH-1 - Carrier 1700 Ton VFD 0.000 0.000 0.699 0.301 n/a n/a 55.7 63.0
CH-2 - Trane 1250 0.000 0.000 0.699 0.301 n/a n/a 55.7 63.0
CH-3 - Carrier 1700 Ton Constant 0.000 0.000 0.650 0.350 n/a n/a 55.9 63.0
CH-4 - Trane 650 0.000 0.000 0.000 1.000 n/a n/a n/a 64.9

2.  Input Data Summary

Weather
City Salt Lake City, Utah
Schedule On All Day: Weekday

On All Day: Saturday
On All Day: Sunday

Loads
User-Defined Load Profile

Chiller System
Name Combination F-1
Chillers in Plant 4
Plant Control Sequenced
Full Load LCHWT 44.0 F
Tower Configuration One Tower for System
Cooling Tower 6 Cell Tower (2)

 Detailed Cooling Tower Model
Free Cooling Plate-Frame Heat Exchanger

Sequence Chiller Name FL Capacity 
(Tons)

Full Load Power

CH-1     Carrier 1700 Ton VFD               1,700 0.490  kW/Ton
CH-2     Trane 1250                         1,250 0.473  kW/Ton
CH-3     Carrier 1700 Ton Constant          1,732 0.470  kW/Ton
CH-4     Trane 650                          650 0.473  kW/Ton
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3. Chiller System Operating Conditions
Bin Temp (F) Bin MCWB 

(F)
Building Load 

(%)
Building Load 

(Tons)
Chillers On Chiller Load 

(%)
97.5 61.5 100 5,300 4 99
92.5 60.5 95 5,048 4 95
87.5 59.5 90 4,795 4 90
82.5 57.9 86 4,542 3 97
77.5 55.9 81 4,290 3 92
72.5 54.2 76 4,039 3 86
67.5 51.9 71 3,786 3 81
62.5 49.5 67 3,534 3 75
57.5 47.1 62 3,281 3 70
52.5 43.8 57 3,029 3 65
47.5 40.4 42 2,235 2 76
42.5 36.9 37 1,984 0 0
37.5 33.4 33 1,731 0 0
32.5 29.4 28 1,479 0 0
27.5 25.1 23 1,227 0 0
22.5 20.8 17 916 0 0
17.5 16.0 14 750 0 0
12.5 11.2 9 501 0 0

7.5 5.9 4 216 0 0
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4a.  Custom PLV Worksheet for CH-1  (Carrier 1700 Ton VFD)

Avg DB Cond Temp Total CWH Total Load Load 25% Bin 50% Bin 75% Bin 100% Bin
(F) (F) (Hrs) (Ton-hrs) (Tons)  (%) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs)

97.5 66.3 82 5,435 138,563 1,690 99 0 0 0 0 0 0 5,435 138,563
92.5 65.2 245 15,977 394,316 1,609 95 0 0 0 0 0 0 15,977 394,316
87.5 64.1 263 16,865 402,071 1,529 90 0 0 0 0 0 0 16,865 402,071
82.5 62.5 313 19,569 516,189 1,649 97 0 0 0 0 0 0 19,569 516,189
77.5 60.5 392 23,728 610,606 1,558 92 0 0 0 0 0 0 23,728 610,606
72.5 58.8 517 30,392 758,197 1,467 86 0 0 0 0 30,392 758,197 0 0
67.5 56.5 525 29,652 721,701 1,375 81 0 0 0 0 29,652 721,701 0 0
62.5 55.0 575 31,625 737,823 1,283 75 0 0 0 0 31,625 737,823 0 0
57.5 55.0 721 39,655 858,932 1,191 70 0 0 0 0 39,655 858,932 0 0
52.5 55.0 685 37,675 753,368 1,100 65 0 0 0 0 37,675 753,368 0 0
47.5 55.0 752 41,360 968,551 1,288 76 0 0 0 0 41,360 968,551 0 0
42.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
37.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
32.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
22.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
17.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
12.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0

7.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals: 5,070 291,933 6,860,318 0 0 0 0 210,359 4,798,572 81,575 2,061,746
Cust Wgt Factors: 0.000 0.000 0.699 0.301
Custom Entering Condenser Temperatures (F): n/a n/a 55.7 63.0
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4b.  Custom PLV Worksheet for CH-2  (Trane 1250)

Avg DB Cond Temp Total CWH Total Load Load 25% Bin 50% Bin 75% Bin 100% Bin
(F) (F) (Hrs) (Ton-hrs) (Tons)  (%) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs)

97.5 66.3 82 5,435 101,885 1,242 99 0 0 0 0 0 0 5,435 101,885
92.5 65.2 245 15,977 289,938 1,183 95 0 0 0 0 0 0 15,977 289,938
87.5 64.1 263 16,865 295,641 1,124 90 0 0 0 0 0 0 16,865 295,641
82.5 62.5 313 19,569 379,551 1,213 97 0 0 0 0 0 0 19,569 379,551
77.5 60.5 392 23,728 448,975 1,145 92 0 0 0 0 0 0 23,728 448,975
72.5 58.8 517 30,392 557,498 1,078 86 0 0 0 0 30,392 557,498 0 0
67.5 56.5 525 29,652 530,663 1,011 81 0 0 0 0 29,652 530,663 0 0
62.5 55.0 575 31,625 542,517 944 75 0 0 0 0 31,625 542,517 0 0
57.5 55.0 721 39,655 631,568 876 70 0 0 0 0 39,655 631,568 0 0
52.5 55.0 685 37,675 553,947 809 65 0 0 0 0 37,675 553,947 0 0
47.5 55.0 752 41,360 712,170 947 76 0 0 0 0 41,360 712,170 0 0
42.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
37.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
32.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
22.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
17.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
12.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0

7.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals: 5,070 291,933 5,044,351 0 0 0 0 210,359 3,528,362 81,575 1,515,989
Cust Wgt Factors: 0.000 0.000 0.699 0.301
Custom Entering Condenser Temperatures (F): n/a n/a 55.7 63.0
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4c.  Custom PLV Worksheet for CH-3  (Carrier 1700 Ton Constant)

Avg DB Cond Temp Total CWH Total Load Load 25% Bin 50% Bin 75% Bin 100% Bin
(F) (F) (Hrs) (Ton-hrs) (Tons)  (%) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs)

97.5 66.3 82 5,435 141,172 1,722 99 0 0 0 0 0 0 5,435 141,172
92.5 65.2 245 15,977 401,738 1,640 95 0 0 0 0 0 0 15,977 401,738
87.5 64.1 263 16,865 409,640 1,558 90 0 0 0 0 0 0 16,865 409,640
82.5 62.5 313 19,569 525,906 1,680 97 0 0 0 0 0 0 19,569 525,906
77.5 60.5 392 23,728 622,100 1,587 92 0 0 0 0 0 0 23,728 622,100
72.5 58.8 517 30,392 772,469 1,494 86 0 0 0 0 30,392 772,469 0 0
67.5 56.5 525 29,652 735,286 1,401 81 0 0 0 0 29,652 735,286 0 0
62.5 55.0 575 31,625 751,711 1,307 75 0 0 0 0 31,625 751,711 0 0
57.5 55.0 721 39,655 875,101 1,214 70 0 0 0 0 39,655 875,101 0 0
52.5 55.0 685 37,675 767,549 1,121 65 0 0 0 0 37,675 767,549 0 0
47.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
42.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
37.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
32.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
22.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
17.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
12.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0

7.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals: 4,318 250,573 6,002,671 0 0 0 0 168,999 3,902,116 81,575 2,100,555
Cust Wgt Factors: 0.000 0.000 0.650 0.350
Custom Entering Condenser Temperatures (F): n/a n/a 55.9 63.0
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4d.  Custom PLV Worksheet for CH-4  (Trane 650)

Avg DB Cond Temp Total CWH Total Load Load 25% Bin 50% Bin 75% Bin 100% Bin
(F) (F) (Hrs) (Ton-hrs) (Tons)  (%) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs) (CWH) (Ton-hrs)

97.5 66.3 82 5,435 52,980 646 99 0 0 0 0 0 0 5,435 52,980
92.5 65.2 245 15,977 150,768 615 95 0 0 0 0 0 0 15,977 150,768
87.5 64.1 263 16,865 153,733 585 90 0 0 0 0 0 0 16,865 153,733
82.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
77.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
72.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
67.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
62.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
57.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
52.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
47.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
42.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
37.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
32.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
27.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
22.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
17.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
12.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0

7.5 n/a 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals: 590 38,277 357,481 0 0 0 0 0 0 38,277 357,481
Cust Wgt Factors: 0.000 0.000 0.000 1.000
Custom Entering Condenser Temperatures (F): n/a n/a n/a 64.9
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KEY for Custom PLV Worksheet table(s):
[Avg DB] = Midpoint temperature for bin.
[Cond Temp] = Entering condenser temperature for bin.  Entering water temperature for water-cooled chillers.  Entering air temperature for air-cooled chillers.
[Tot Hrs] = Hours of operation in bin.
[CWH] = Condenser temperature hours.  [Tot Hrs] times [Cond Temp].  Later used to derive the four average entering condenser temperature values for the PLV calculation.
[Load] = Chiller load for bin.
[Load (%)] = Chiller load as a percentage of full load capacity.
[Total (Ton-hrs)] = Chiller [Load] times [Tot Hrs].  Later used to derive the four weighting factors for the PLV calculation.
[Bin (CWH)] = [CWH] values separated into the four PLV bins: 25%, 50%, 75% and 100% load according to chiller load for each bin.
[Bin (Ton-hrs)] = Values separated into the four PLV bins: 25%, 50%, 75% and 100% load according to the chiller load for each bin.
[Cust Wgt Factor] = The four custom PLV weighting factors.  [Total (Ton-hrs)] for PLV Bin divided by [Total (Ton-hrs)] for the chiller.
[Cust Ent Cond Temps] = The four custom condenser temperature values for the PLV calculation = [Total (CWH)] for PLV bin divided by [Tot Hrs] in the PLV bin.
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Note:  Individual chiller curves in this graph have been adjusted up or down so the number of chillers operating at each point can be 
seen.  If the curves had not been adjusted, all curves would lie on top of each other.  Because of the adjustment each chiller load 
shown on the graph is only accurate to within a few percentage points plus or minus of the original calculated values.

2.  Input Data Summary

Weather
City Salt Lake City, Utah
Schedule On All Day: Weekday

On All Day: Saturday
On All Day: Sunday

Loads
User-Defined Load Profile

Chiller System
Name Combination F-1
Chillers in Plant 4
Plant Control Sequenced
Full Load LCHWT 44.0 F
Tower Configuration One Tower for System
Cooling Tower 6 Cell Tower (2)

 Detailed Cooling Tower Model
Free Cooling Plate-Frame Heat Exchanger

Sequence Chiller Name FL Capacity 
(Tons)

Full Load Power

CH-1     Carrier 1700 Ton VFD               1,700 0.490  kW/Ton
CH-2     Trane 1250                         1,250 0.473  kW/Ton
CH-3     Carrier 1700 Ton Constant          1,732 0.470  kW/Ton
CH-4     Trane 650                          650 0.473  kW/Ton
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2.  Input Data Summary

Weather
City Salt Lake City, Utah
Schedule On All Day: Weekday

On All Day: Saturday
On All Day: Sunday

Loads
User-Defined Load Profile

Chiller System
Name Combination F-1
Chillers in Plant 4
Plant Control Sequenced
Full Load LCHWT 44.0 F
Tower Configuration One Tower for System
Cooling Tower 6 Cell Tower (2)

 Detailed Cooling Tower Model
Free Cooling Plate-Frame Heat Exchanger

Sequence Chiller Name FL Capacity 
(Tons)

Full Load Power

CH-1     Carrier 1700 Ton VFD               1,700 0.490  kW/Ton
CH-2     Trane 1250                         1,250 0.473  kW/Ton
CH-3     Carrier 1700 Ton Constant          1,732 0.470  kW/Ton
CH-4     Trane 650                          650 0.473  kW/Ton
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Appendix A.7. Estimates of Service Lives of Various System Components

Equipment Item Median

Years

Equipment Item Median

Years

Equipment Item Median

Years

   Air Conditioners   Air Terminals      Air-cooled condensers . . . . . . 20

      Window unit . . . . . . . . . . . . . . . . 10   Diffusers, grilles, registers . . .   27      Evaporative condensers . . . . . 20

       Residential single or split                   
   package . . . . . . . . . . . . . . . . . . . . . . . .

15   Induction and fan-coil units . . . . . 20  Insulation

Commercial through-the-wall . . . . . . . . . 15   VAV and double-duct boxes . . . . 20        Molded . . . . . . . . . . . . . . . . . 20

   Water cooled package . . . . . . . . . . . . . 15    Air Washers . . . . . . . . . . . . . . 17        Blanket . . . . . . . . . . . . . . . . 24

   Heat pumps   Ductwork . . . . . . . . . . . . . . . . 30   Pumps

       Residential air-to-air . . . . . . . . . . . . 15*   Dampers . . . . . . . . . . . . . . . . . 20   Base-mounted . . . . . . . . . . . . . . 20

       Commercial air-to-air . . . . . . . . . . . 15   Fans  Pipe-mounted . . . . . . . . . . . . . . 10

       Commercial water-to-air . . . . . . . . . 19   Centrifugal . . . . . . . . . . . . . . . 25     Sump and well . . . . . . . . . . . . 10

   Roof-top air conditioners    Axial . . . . . . . . . . . . . . . . . . . 20    Condensate . . . . . . . . . . . . . . . 15

   Single-zone . . . . . . . . . . . . . . . . . . 15   Propeller . . . . . . . . . . . . . . . . . 15    Reciprocating engines . . . . . . . 20

    Mulitzone . . . . . . . . . . . . . . . . . . . 15 Ventilating roof-mounted . . . . . . . . 20    Steam turbines . . . . . . . . . . . . . 30

 Boilers steam Coils   Electric motors . . . . . . . . . . . . . 18

     Steel water-tube . . . . . . . . . . . . . . 24 (30) DX, water, or steam . . . . . . . . . 20    Motor starters . . . . . . . . . . . . . 17

     Steel fire-tube . . . . . . . . . . . . . . . 25 (25)        Electric . . . . . . . . . . . . . . . 15    Electric transformers . . . . . . . . 30

     Cast iron . . . . . . . . . . . . . . . . . . . . 35 (30)        Heat Exchangers   Controls

     Electric . . . . . . . . . . . . . . . . . . . . 15        Shell-and-tube . . . . . . . . . . 24    Pneumatic . . . . . . . . . . . . . . . . 20

     Burners . . . . . . . . . . . . . . . . . . . . 21    Reciprocating compressors . . . . . 20          Electric . . . . . . . . . . . . . . . 16  

    Furnaces Package chillers          Electronic . . . . . . . . . . . . . 15

       Gas- or oil-fired . . . . . . . . . . . . . 18      Reciprocating . . . . . . . . . . . 20 Valve actuators

    Unit heaters       Centrifugal . . . . . . . . . . . . . 23        Hydraulic . . . . . . . . . . . . . . . 15

       Gas or electric . . . . . . . . . . . . . . 13        Absorption . . . . . . . . . . . . . 23     Pneumatic . . . . . . . . . . . . . . . . 20

Hot water or steam . . . . . . . . . . . . . . 20 Cooling towers        Self-contained . . . . . . . . . . . 10

    Radiant heaters   Galvanized metal . . . . . . . . . . 20

    Electric . . . . . . . . . . . . . . . . . . . . . 10        Wood . . . . . . . . . . . . . . . . . 20

    Hot-water or steam . . . . . . . . . . . . 25        Ceramic . . . . . . . . . . . . . . . 34

Source: Data obtained from a national survey of the United States by ASHRAE Technical Committee TC 1.8 (Akalin 1978).  Data updated by TC 1.8 in 1986.
*See Lovvorn and Hiller (1985) and Easton Consultants (1986) for further information.
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1. INTRODUCTION 
 
1.1 GENERAL 
 
This report presents the results of our geotechnical study performed at the site of the proposed 
Buildings #1 and #2 Replacement Building located on the Weber State University Campus in 
Ogden, Utah.  The general location of the site with respect to major topographic features and 
existing facilities, as of 1998, is presented on Figure 1, Vicinity Map.  A more detailed layout of 
the site showing existing roadways and facilities and the approximate location of the proposed 
replacement building is presented on Figure 2, Site Plan.  The locations of the 10 borings drilled 
in conjunction with this study are also presented on Figure 2. 
 
1.2 OBJECTIVES AND SCOPE 
 
The objectives and scope of the study were planned in discussions between Mr. Blake Court of 
The State of Utah, Division of Facilities Construction and Management; Mr. Jim Harris of 
Weber State University; and Mr. Bill Gordon of Gordon Spilker Huber Geotechnical 
Consultants, Inc. (GSH). 
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In general, the objectives of this study were to: 
 

1. Define and evaluate the subsurface soil and groundwater conditions across the 
site. 

 
2. Provide appropriate foundation, earthwork, subdrain, and geoseismic 

recommendations to be utilized in the design and construction of the proposed 
facility. 

 
In accomplishing these objectives, our scope has included the following: 
 

1. A field program consisting of the drilling, logging, and sampling of 
10 exploration borings. 

 
2. A laboratory testing program.  

 
3. An office program consisting of the correlation of available data, engineering 

analyses, and the preparation of this summary report. 
 
1.3 AUTHORIZATION 
 
Authorization was provided under DFCM Contract # 067117 for Project # 05027810. 
 
1.4 PROFESSIONAL STATEMENTS 
 
Supporting data upon which our recommendations are based are presented in subsequent sections 
of this report.  Recommendations presented herein are governed by the physical properties of the 
soils encountered in the exploration borings, projected groundwater conditions, and the layout 
and design data discussed in Section 2., Proposed Construction, of this report.  If subsurface 
conditions other than those described in this report are encountered and/or if design and layout 
changes are implemented, GSH must be informed so that our recommendations can be reviewed 
and amended, if necessary. 
 
Our professional services have been performed, our findings obtained, and our recommendations 
prepared in accordance with generally accepted engineering principles and practices at this time. 
 
2. PROPOSED CONSTRUCTION 
 
The design and layout for the Buildings #1 and #2 Replacement Building have not been 
finalized.  However, preliminary plans indicate that the proposed structure will be irregular in 
shape and have maximum plan dimensions on the order of approximately 200-feet east-west by 
270-feet north-south.  The approximate location of the building with respect to existing 
structures is presented on Figure 2. 
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The two to three-level building will replace existing Buildings #1 and #2.  Due to the site 
topography, the western portion of the replacement building will walkout to grade.  The eastern 
portion of the replacement building will be approximately 14 feet below grade.  The structure 
will be of steel and concrete construction with the below grade section constructed of reinforced 
concrete.  
 
The maximum column loads could be in the range of 260 to 390 kips depending upon the final 
configuration of the columns and number of levels within the proposed structure.  Maximum 
wall loads are projected to be on the order of 7 to 11 kips per lineal foot.  At-grade slab loads 
will be relatively light on the order 200 to 250 pounds per square foot. 
 
3. SITE INVESTIGATIONS 
 
3.1 FIELD PROGRAM 
 
In order to define and evaluate the subsurface soil and groundwater conditions across the site, 
10 borings were drilled to depths ranging from 15.0 to 41.5 feet with an all-terrain drill rig 
equipped with hollow-stem augers.  Locations of the borings are presented on Figure 2. 
 
The field portion of our study was under the direct control and continual supervision of an 
experienced member of our geotechnical staff.  During the course of the drilling operations, a 
continuous log of the subsurface conditions encountered was maintained.  In addition, relatively 
undisturbed samples of the typical soils penetrated were obtained for subsequent laboratory 
testing and examination.  The soils were classified in the field based upon visual and textural 
examination. These classifications were later supplemented by subsequent inspection and testing 
in our laboratory.  Detailed graphical representation of the subsurface conditions encountered 
during this study is presented on Figures 3A through 3J, Log of Borings.  Soils were classified in 
accordance with the nomenclature described on Figure 4, Unified Soil Classification System.  
 
A 3.25-inch outside diameter, 2.42-inch inside diameter drive (Dames & Moore) sampler was 
utilized in the subsurface sampling at the site.  The blow-counts recorded on the boring logs were 
those required to drive the sampler 12 inches with a 140-pound hammer dropping 30 inches.   
 
In order to determine if there are near-surface artesian groundwater conditions at the site, an 
additional boring, Boring B-6, was drilled 10 feet southeast of Boring B-5.  Borings B-5 and B-6 
were drilled to 30 and 15 feet, respectively.  The groundwater readings were similar in both 
borings indicating there are not artesian conditions to depths drilled.  Groundwater was measured 
in the borings at different elevations during the course of drilling operations.   
 
During the course of drilling operations, representatives of Weber State University requested 
additional borings be drilled to the east of the Proposed Buildings #1 and #2 replacement 
structure.  The information obtained at those boring locations is presented within this report and 
will be utilized for future flatwork and regrading work with this and other projects.    
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Following completion of drilling operations, one and one-quarter-inch diameter slotted PVC pipe 
was installed in Borings B-2, B-5, B-6, B-9, and B-10 in order to provide a means of monitoring 
the groundwater fluctuations. 
 
3.2 LABORATORY TESTING  
 
3.2.1 General 
 
In order to provide data necessary for our engineering analyses, a laboratory testing program was 
performed.  The program included moisture and density, partial gradation, consolidation, and 
chemical tests.  The following paragraphs describe the tests and summarize the test data. 
 
3.2.2 Moisture and Density Tests 
 
To aid in classifying the soils and to help correlate other test data, moisture and density tests 
were performed on selected undisturbed samples.  The results of these tests are presented to the 
right on the boring logs, Figures 3A through 3J. 
 
3.2.3 Partial Gradation Tests 
 
To aid in classifying the soils and to provide data necessary for our liquefaction analysis, a 
partial gradation test was performed on each of three representative samples.  Results of the test 
are tabulated below: 
 

Boring  
No. 

Depth 
(feet) 

Percent Passing  
No. 200 Sieve 

Soil 
Classification 

B-1 15.5 92.3 CL 

B-2 35.5 66.5 CL/SM 

B-4 25.0 67.4 CL/SM 
 
 
3.2.4 Consolidation Tests 
 
To provide data necessary for our settlement analyses, a consolidation test was performed on 
each of four representative samples of the fine-grained soils encountered in the exploration 
borings.   
 
Test data available indicates that the near-surface soils are highly over-consolidated.  With depth, 
the soils are moderately over-consolidated.  The soils will exhibit relatively low compressibility 
characteristics when loaded below the preconsolidation pressure.  Detailed results of the tests are 
maintained within our files and can be transmitted to you, at your request. 
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3.2.5 Chemical Tests 
 
In order to determine if the site soils will react detrimentally with concrete or metal, chemical 
tests were performed on a representative sample.  The results of the chemical tests are tabulated 
below: 
 

Boring 
No. 

 
Depth 
(feet) 

 
 

pH 

Total Water Soluble 
Sulfate SO4 

(ppm) 

B-8 4.5 8.5 <10.0 
  
 
4. SITE CONDITIONS 
 
4.1 SURFACE 
 
The site is located on the Weber State University campus in Ogden, Utah.  The site is currently 
occupied by Buildings #1 and #2.  The two existing buildings are of CMU construction, and 
slab-on-grade.  The Business and Education Buildings bound the site to the west.  The site is 
bounded to the south by the Shepard Student Union.  Buildings #3 and #4 bound the site to the 
east.  Passing though and bounding the site are landscaped areas and sidewalks.  An asphalt 
concrete parking lot bounds the site to the north.   
 
The site and adjacent areas to the east and west slope down to the west.  Most of the site is 
terraced.  Overall elevation change is projected to be on the order of 15 feet.   
 
The majority of the site is covered with landscaped grass, bushes, and shrubs.  A number of 10 to 
30-foot trees are also located across the site. 
 
4.2 SUBSURFACE SOIL  
 
Subsurface soils encountered are generally consistent at the boring location.  At Boring B-1, 
pavement section consisting of six inches of Portland cement concrete underlain by six inches of 
aggregate base was encountered.  At Boring B-5, a five-foot layer of silty sand fill was 
encountered.  At the remaining boring locations, a two to five and one-half-foot layer of silty 
clay fill was encountered.  The upper three to six inches of these soils contain major roots and 
have been classified as topsoil.  The upper 6 to 12 inches are loose.  The majority of the fill 
appears to be on-site material that has been used as site grading fill.  The fills are variable and 
can exhibit relatively poor engineering characteristics.       
 
Below the fills and to depths of 7.5 to 22.5 feet natural soils, generally fine-grained, silty clays 
with occasional to numerous layers up to two-inches of silty fine sand were encountered.  These 
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clays are moderately highly over-consolidated in the upper zones and grade moderately 
consolidated with depth.   
 
Beneath the silty clays, silty fine sand with occasional to numerous seams and up to two-inch 
layers of silt clay were encountered to depths of 17.5 feet to the depth penetrated, 29.5 feet.  The 
natural granular soils will exhibit relatively high strength and low compressibility characteristics.   
 
When not extending to the depth penetrated, the silty fine sands are underlain by silty clay with 
numerous layers up to one to two inches of silty sand and then underlain by silty fine sands with 
occasional to numerous layers up to one to two inches of silty clay. 
 
All of the soils are brown to reddish-brown.  Layers within the predominant soils dip normally 
and show no signs of distortion.   
 
The lines designating the interface between soil types on the boring logs generally represent 
approximate boundaries.  In-situ, the transition between soil types may be gradual. 
 
4.3 GROUNDWATER 
 
Immediately following drilling operations, groundwater was measured at depths ranging from 
13.4 to 25.7 feet below existing grade.  Two to three weeks following drilling, groundwater was 
measured at depths ranging from 12.5 to 15.7 feet below existing grade.  Water levels in 
companion borings were at the same depth.  This indicates that to the depths penetrated, artesian 
conditions were not encountered. 
 
Seasonal and longer-term groundwater fluctuations on the order of one to three feet are projected 
with the highest seasonal levels generally occurring during the late spring and early summer 
months. 
 
5. DISCUSSIONS AND RECOMMENDATIONS 
 
5.1 SUMMARY OF FINDINGS 
 
The most significant geotechnical aspects of the site are the non-engineered fills encountered in 
nearly all of the borings, and a moderately high groundwater table. 
 
Because of the water table, dewatering will be required during construction.  An extensive 
permanent perimeter foundation/chimney subdrain system will be required around the subgrade 
portions of the facility.  In addition, an under slab subdrain will be required in areas. 
 
The results of this study show that the proposed structure, ranging from the two to three levels, 
may be supported upon conventional spread and continuous wall foundations.  The lighter loaded 
foundations may be supported directly upon suitable natural soils.  For the more heavily loaded 
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foundations, varying thicknesses of replacement granular fill will be required beneath the 
footings in order to control total and differential settlements.   
 
In the following sections, detailed discussions and recommendations pertaining to earthwork, 
foundations, lateral resistance and pressures, at-grade floor slabs, dewatering, and the geoseismic 
setting of the site are provided.   
 
5.2 EARTHWORK 
 
5.2.1 Site Preparation 
 
Preparation of the site for major construction will include demolition of existing structures, 
including floor slabs and foundations, and pavements and abandonment or relocation of existing 
utilities running beneath the footprint of the proposed structure.  In general, material resulting 
from demolition of the pavements may be re-used as part of site engineered fill provided that the 
recycled debris meets the fill requirements described later in this report.  All debris and 
deleterious materials must be removed from the site. 
 
Subsequent to demolition and prior to the placement of floor slabs, structural site grading fills, 
floor slab, exterior flatwork, and pavements, the exposed subgrade must be proofrolled by 
passing moderate-weight rubber tire-mounted construction equipment over the surface at least 
twice.  If excessively soft or loose soils are encountered, they must be removed to a maximum 
depth of two feet, and replaced with structural fill.  Existing surface fills meeting the proofrolling 
test and not containing deleterious material may remain beneath outside flatwork and flexible 
pavements.  All non-engineered fills must be removed from beneath an area extending out at 
least five feet from the perimeter of the proposed building footprint.  
 
Mass excavation may be initiated subsequent to demolition. 
 
5.2.2 Excavations 
 
The mass excavation for the structure will extend 14 to 15 feet below grade.  In Borings B-1, 
B-2, B-3, B-4, B-5, B-6, and B-10, in the eastern portion of the building footprint, groundwater 
was encountered at depths of 12.5 to 15.3 feet.  The soils in many of the eastern boring to depths 
of 15.0 to 22.5 feet are silty clays with occasional to numerous up to two-inch layers of silty fine 
sand.  In the other borings, the clays extend to depths of only 7.5 to 8.5 feet.  The clays in all 
cases are underlain by silty fine sand. 
 
Temporary excavations up to four feet in depth in the clays, above or below, the water table can 
be constructed with near-vertical sideslopes.  Deeper excavations in the clays, up to 15 to 16 feet, 
should be constructed with sideslopes no steeper than one horizontal to one vertical.  If the 
seepage through sand layers in the lower portions of these excavations is extensive a buttress of 
coarse sand and gravel should be placed with the top one foot above the uppermost seep.  Slope 
of the buttress should be at least one and one-half horizontal to one vertical. 
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If extensive zones of saturated “running” sands are encountered, the overall slope must be flatten 
to one and one-half horizontal to one vertical and the portion in the “running” sands buttressed at 
two horizontal to one vertical. 
 
As an alternate, the portions of the deeper eastern excavation slope below a depth of 10 feet can 
be retained by driving sheet piles. 
 
Water collected in the excavations should be collected in toe drains and after passing through 
sediment sumps pumped to outside storm drain.  Flow rates must be recorded. 
 
All excavations must be observed periodically by qualified geotechnical personnel.  If any signs 
of instability or excessive sloughing are noted during or following excavation, immediate 
remedial action must be initiated.   
 
5.2.3 Structural Fill  
 
Structural fill is defined as all fill that will be ultimately subjected to structural loads, such as 
those imposed by footings, floor slabs, pavements, etc.  Structural fill will be required as backfill 
over foundations and utilities, as site grading fill, and possibly beneath floor slabs and footings.  
Structural site grading fill is defined as fill placed over relatively large open areas to raise overall 
grade. 
 
All structural fill must be free of sod, rubbish, construction debris, frozen soil, and other 
deleterious materials.  Structural fill placed below a level one foot above the water table at the 
time of construction and/or to stabilize soft saturated subgrade conditions should consist of a 
mixture of clean coarse gravels and cobbles.  The subgrade must be free of all loose and 
disturbed soils.   This can best be achieved by using a backhoe with a smooth-lip bucket for 
excavation.   
 
The maximum particle size within structural site grading fill should generally not exceed four 
inches.  However, occasional larger particles up to six to eight inches in diameter may be 
incorporated provided that they do not result in “honeycombing” or preclude achieving the 
desired degree of compaction.  In confined area, the maximum particle size should not exceed 
two and one-half inches.   
 
It should be noted that, from a handling and compaction standpoint, excavated natural sands will 
be wet and may have relatively high fines content.  Use of these materials may require close 
moisture control during placement and compaction.  This will be difficult, if not impossible, 
during wet and cold periods of the year.  Imported fills should be granular.  These soils should be 
well-graded and contain no more than 18 percent fines.  The suitability of excavated natural soil 
for use as structural site grading fill or wall backfill should be evaluated by qualified 
geotechnical personnel prior to placement.   
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To limit lateral pressures on subgrade walls and to provide a chimney drain, a “free-draining” 
granular material, such as one-half to one-inch minus clean gap-graded crushed angular gravel, 
should be placed around the immediate perimeter of the below-grade portions of the structure.  
The width of the gravel zone should be at least four feet in slope areas.  A geotextile fabric, such 
as Mirafi 140N or equivalent, must be used to separate the “free-draining” backfill from natural 
subgrade soils and other backfill materials.   
 
5.2.4 Fill Placement and Compaction 
 
Coarse gravel and cobble mixtures should be end-dumped, spread to a maximum loose lift 
thickness of 18 inches, and uniformly compacted by running moderate-weight truck-mounted 
construction equipment uniformly over the surface at least three times.  Bank-run and on-site 
granular structural fill should be placed in lifts not exceeding eight inches in loose lift thickness.  
Beneath footings or where more than 5 feet thick but less than 10 feet, the fill must be compacted 
to at least of 95 percent of the maximum dry density as determined by the AASHTO1 T-180 
(ASTM2 D-1557) test procedures.  Fills greater than 5 feet thick must be compacted to at least 
98 percent of the above-defined criteria. 
 
The initial lift of the bank-run-type sands and gravel over coarse stabilizing gravels must be 
appropriately “worked into” the underlying soils so that long-term subsidence and settlement 
does not occur due to migration of finer-material into the coarser stabilizing gravels.  We do not 
recommend that finer-grained soils be placed over or adjacent to “free-draining” granular 
material (such as the chimney drain) unless a geotextile fabric is placed between these two 
materials. 
 
“Free-draining” granular fill utilized in chimney drains along the perimeter of the site structures 
should be spread to a maximum loose lift thickness of 12 inches and compacted by running a 
flat-plate hand-operated vibratory compactor over the surface of each lift continuously at least 
three times. 
 
5.3 DEWATERING 
 
5.3.1 Temporary 
 
Groundwater will be encountered in excavations extending below depths of approximately 
12 feet below existing grades.  Most significant flows will be in the granular soils and sand 
layers in cohesive soil.  As previously discussed, where groundwater is encountered a buttress of 
fully drained granular soils must be placed over the seep.  Seepage water can then be collected in 
perimeter ditches constructed at the toe of the excavation slope face and directed to sumps or 
settling areas established within down-gradient portions of the mass excavation.  Once clarified, 
and with appropriate permits, the water could be pumped and discharged to nearby storm 
drainage facilities. 
                                                 
1 American Association of State Highway and Transportation Officials 
2 American Society for Testing and Materials 
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Based on the groundwater readings, we estimate that there should be moderate volume of water 
entering the excavation (10 to 20 gallons per minute).  This inflow will be primarily controlled 
by saturated granular soil zones.  It is essential that during the mass excavation operations, 
accurate records be maintained of the actual discharge rates at the sumps.   
 
5.3.2 Permanent Subdrain System 
 
5.3.2.1 General 
 
Since the lowest planned level for the structure will be below site static groundwater levels, a 
permanent subdrain system will be required.  The permanent subdrain system should consist of a 
perimeter foundation/chimney system and an under slab system when the at-grade slabs extend 
more than eight feet below grade. 
 
5.3.2.2 Perimeter Subdrain 
 
The perimeter subdrain pipe should be a minimum of six-inches in diameter, slotted or 
perforated, and with the invert established at least two feet below the top of the lowest adjacent 
slab.  The pipe should be encased in a one-half to one-inch minus clean gap-graded crushed 
gravel extending two inches below, laterally, and up continuously at least 12 inches above the 
top of the lowest adjacent slab.  In all cases, the gravels must be separated from the natural soils 
or finer-grained backfill with a geotextile, such as Mirafi 140N or equivalent.  The slope of the 
pipe should be at least 0.25 percent to a suitable point of gravity discharge; such as a sump 
within or outside the perimeter of the below-grade portion of the structure or down-gradient to a 
storm drain.  Extending up from the top of the subdrain to within two feet of final grade should 
be a chimney drain consisting of one-half to one-inch minus clean gap-graded angular crushed 
gravel.  To reduce lateral pressure the gravel should be at least four feet in width (perpendicular 
to the wall).  The gravels must be separated from other soils by a geotextile fabric.  Prior to the 
placement of the chimney drain materials, the outside subgrade walls should be appropriately 
waterproofed. 
 
5.3.2.3 Under Slab Subdrain 
 
All at-grade slabs extending more than eight feet below grade must be underlain by a under slab 
subdrain.  This drain should consist of a minimum of six inches of “free-draining” gravel as 
previously discussed.  In addition, trench drains should be established 30-foot centers (east-
west).  These trench drains should consist of four-inch slotted or perforated pipe with an invert at 
least 18 inches beneath the top of the lowest adjacent at-grade slab.  The pipe must be encased in 
the “free-draining” gravel extending two inches below and laterally from the pipe.  The gravel 
must extend upward to the gravel underlying the slab. 
 
The pipe should slope at least 0.25 percent to the perimeter foundation subdrain.  The base and 
sides of the trenches must be lined with a geotextile fabric, such as Mirafi 140N or equivalent, 
before the gravel is placed. 
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Based on preliminary design drawings, it appears that an auditorium/lecture hall will extend 
more than eight feet below grade.  This lecture hall will need to have an under slab subdrain and 
perimeter subdrain behind the east wall.   
 
5.4 SPREAD AND CONTINUOUS WALL FOUNDATIONS 
 
5.4.1 Design Data   
 
Spread foundations can be utilized to support the proposed structure.  Lightly loaded footings 
can be established directly upon suitable natural soil.  To control settlements, the more heavily 
loaded footings will require varying thicknesses of underlying natural granular soils and/or 
granular structural fill extending to suitable natural soils.  For these conditions, the following 
design parameters are presented: 
 

Minimum Recommended Depth of Embedment for 
Frost Protection - 30 inches 

 
Minimum Recommended Depth of Embedment for 

Non-frost Conditions - 15 inches 
 

Recommended Minimum Width for Continuous 
Wall Footings - 18 inches 

 
Minimum Recommended Width for Isolated Spread  

Footings - 24 inches 
 

Recommended Net Bearing Pressure for Real  
Load Conditions - 3,000 pounds 
  per square foot 

 
Bearing Pressure Increase 

for Seismic Loading - 50 percent* 
 
 * Should not be applied to maximum edge pressure during seismic loading. 
 
The term “net bearing pressure” refers to the pressure imposed by the portion of the structure 
located above lowest adjacent final grade.  Therefore, the weight of the footing and backfill to 
lowest adjacent final grade need not be considered.  Real loads are defined as the total of all dead 
plus frequently applied live loads.  Total load includes all dead and live loads, including seismic 
and wind.  
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5.4.2 Installation 
 
Under no circumstances should the footings be underlain by loose or disturbed soils, sod, 
rubbish, construction debris, frozen soil, or other deleterious materials.  As previously stated, the 
lightly loaded footings can be established upon suitable natural soils.  More heavily loaded 
footings must be underlain by a minimum thickness of natural granular soils and/or granular 
structural fill to control settlements.  Width of replacement granular fill should be equal to the 
width of the footing plus one foot for each foot of fill thickness. 
 
5.4.3 Settlements 
 
Settlements of foundations will be dependent upon the loads imposed and the thickness of 
replacement granular fill beneath the footings.  For various loading conditions, the following 
projected settlements are provided: 
 

Footing 
Type Load 

Minimum Thickness 
of Replacement 
Granular Fill* 

(feet) 
Projected Settlement

(inches) 

Spread up to 150 kips 0 ¼ to ⅝ 

 150+ to 300 kips 1.5 ⅜ to ⅝ 

 300+ to 400 kips 3 ½ to ⅝ 

Wall 0 to 12 kips per lineal foot 0 ¼ to ⅝ 
 
* This should consist of granular structural site grading fill, replacement fill, or suitable 

natural in-situ granular soils. 
 
5.5 LATERAL RESISTANCE 
 
Lateral loads imposed upon the foundations due to wind or seismic forces may be resisted by the 
development of passive earth pressures and friction between the base of the footings and the 
supporting soils.  In determining frictional resistance, a coefficient of 0.45 should be utilized.  
Passive resistance provided by properly placed and compacted granular structural fill above the 
water table may be considered equivalent to a fluid with a density of 300 pounds per cubic foot.  
Below the water table, this granular soil should be considered equivalent to a fluid with a density 
of 150 pounds per cubic foot.   
 
A combination of passive earth resistance and friction may be utilized provided that the friction 
component of the total is divided by 1.5.   
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5.6 LATERAL PRESSURES 
 
The most significant lateral pressures will be imposed by the backfill around the perimeter of the 
below-grade portions of the building.   
 
If the “free-draining” gravel backfill is used and is placed and compacted as previously 
discussed, an active equivalent fluid pressure of 45 pounds per cubic foot should be utilized in 
design of the perimeter walls.  For seismic loading, a horizontal pressure at the top of the wall of 
420 pounds per square foot and a horizontal pressure at the base of the wall of 180 pounds per 
squatter foot are recommended.  This is a slightly inverted trapezoidal.  The pressures are based 
upon a horizontal acceleration of two-thirds (⅔) the MCE value and that the wall will move out 
(away from) the backfill during seismic loading. 
 
Lateral loads imposed upon the subgrade wall due to the vertical pressure imposed by footings 
supporting the southern portion of the structure can be provided once the lateral distance between 
the subgrade wall and the shallow footings and the loads imposed by the shallow footings have 
been determined. 
 
5.7 AT-GRADE SLABS  
 
The at-grade slab associated with the structure should be underlain by four inches of one-half to 
one-inch minus clean gap-graded gravel or the under slab subdrain as previously discussed.  The 
gravel can be placed upon properly proofrolled existing suitable soils and/or structural fill 
extending to suitable soil. 
 
5.8 CEMENT TYPES 
 
The laboratory tests indicate that the site soils contain negligible amounts of water soluble 
sulfates.  Therefore, all concrete which will be in contact with the site soils should be prepared 
using Type I or IA cement.   
 
5.9 GEOSEISMIC SETTING 
 
5.9.1 General 
 
Utah municipalities have adopted the International Building Code (IBC) 2003.  The IBC 2003 
code determines the seismic hazard for a site based upon regional mapping of bedrock 
accelerations prepared by the United States Geologic Survey (USGS) and the soil site class 
(formerly soil profile type).  The USGS values are presented on maps incorporated into the IBC 
code and are also available based on latitude and longitude coordinates (grid points).  In 
comparison, the former UBC (Uniform Building Code) generally placed the entire Wasatch front 
into a single seismic zone (Seismic Zone 3). 
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The structure must be designed in accordance with the procedure presented in Chapter 16 of the 
IBC 2003 edition. 
 
5.9.2 Faulting 
 
Based upon our review of available literature, no active faults are known to pass through or 
immediately adjacent to the site.  The site is located outside fault investigation zones identified 
by Weber County.  The nearest active fault is the Ogden portion of the Wasatch fault 
approximately one half mile east of the site.  The Wasatch fault zone is considered capable of 
generating earthquakes as large as magnitude 7.33. 
 
5.9.3 Site Class 
 
For dynamic structural analysis, the Site Class “D” as defined in Table 1615.1.1, Site Class 
Definitions of the 2003 IBC, can be utilized. 
 
5.9.4 Ground Motions 
 
The IBC 2003 code is based on 1997 USGS (United State Geologic Survey) mapping, which 
provides values of short and long period accelerations for the Site Class “B”-“C” boundary for 
the 2 percent in 50 year event (2,475 year return period).  This Site Class “B”-“C” boundary 
represents a hypothetical bedrock surface and must be corrected for local soil conditions.  The 
following table summarizes the peak horizontal and short and long period accelerations for a 
2 percent in 50-year event and incorporates a soil amplification factor for a Site Class “D” soil 
profile.  Based on the site latitude and longitude (41.1935 north and 111.9441 degrees west, 
respectively), the values for this site are tabulated below: 

 

Spectral Acceleration Value, T 
Seconds 

MCE 
2% in 50 Yr event 
(2,475 yr return), 

% g 
Peak Horizontal Ground Acceleration 

(0.00 Seconds) 
71.8 

0.2 Seconds, (Short Period 
Acceleration, SS) 179.5 

1.0 Seconds (Long Period 
Acceleration, SL) 116.9 

 MCE – Maximum considered earthquake 

                                                 
3 Arabasz, W.J., Pechmann, J.C., and Brown, E.D., 1992, Observational seismology and the 

evaluation of earthquake hazards and risk in the Wasatch Front area, Utah, in Gori, P.L., and 
Hays, W.W., eds., Assessment of regional earthquake hazards and risk along the Wasatch Front, 
Utah:  U.S. Geological Survey Professional Paper 1500-D, 36 p. 
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The IBC 2003 code site accelerations are based on taking the above short and long period 
accelerations for the Maximum Considered Earthquake Event, and multiplying by two-
thirds (⅔). 
 
5.9.5 Liquefaction 
 
The site is located in an area that has been identified by the Weber County Geologist as having a 
“moderate” liquefaction potential.  Liquefaction is defined as the condition when saturated, 
loose, finer-grained sand-type soils lose their support capabilities because of excessive pore 
water pressure which develops during a seismic event.   
 
Analyses indicate isolated zones of the saturated granular soils could liquefy under a major 
seismic event.  Maximum anticipated settlement resulting from the liquefaction would be in the 
range of one to one and one-half inches.  Because of the depth of the potentially liquefiable soils 
and their limited thickness, analyses indicate that surface ground rupture should not occur. 
 
Potentially liquefiable zones are not continuous.  Therefore, lateral spread should not be a 
concern.  The bedding of the soils encountered in the samples show no signs of distortion.  This 
indicates that the soils have not experience laterally spread since deposition.  During this period, 
the site has experienced at least three magnitude 7 or greater earthquakes. 
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We appreciate the opportunity of providing this service for you.  If you have any questions or 
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GSH Geotechnical Consultants, Inc. Reviewed by: 
  
 
 
Joshua M Whitney, EIT William J. Gordon, State of Utah No. 146417 
Staff Engineer Professional Engineer 
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Figure 2, Site Plan  
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FIGURE 3A



BOREHOLE

Page: 2 of 2

Project Name:
Location:
Drilling Method:
Elevation:
Remarks:

Project No.:
Client:
Date Drilled:
Water Level:

Gordon Spilker Huber Geotechnical Consultants, Inc.
Salt Lake City, Utah  84123

G
ra

ph
ic

al
 L

og

W
at

er
 L

ev
el DESCRIPTION

D
E

PT
H

 F
T

.

30

35

40

45

50

B
L

O
W

S/
FT

SA
M

PL
E

 S
Y

M
B

O
L

M
O

IS
T

U
R

E
 (%

)

%
 P

A
SS

IN
G

 2
00

D
R

Y
 D

E
N

SI
T

Y
(P

C
F)

L
iq

ui
d 

L
im

it 
(%

)

Pl
as

tic
 L

im
it 

(%
)

REMARKS

B-1

Weber State Buildings 1 & 2 Replacement Building
Ogden, Utah

3-3/4" Hollow-Stem Auger
4700' +/-

0128-001-05
State of Utah - DFCM

08-25-05
14.0' (08-25-05)

 29 

 28 

  

  

  

  

  

  

  

  

  

  

Stopped drilling at 29.5'.

Stopped sampling at 31.0'.

FIGURE 3A
(con't)
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FIGURE 3B
(con't)

Stopped drilling at 40.0'.

Stopped sampling at 41.5'.

Installed 1-1/4" slotted PVC pipe to 41.5'.
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roots (topsoil) to 3" to 6"; brown, FILL (CL)
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fine sand; brown (CL)
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in alternating layers up to 2" thick; fine sand; brown (CL/SM)
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FIGURE 3C
(con't)

Stopped drilling at 29.5'.

Stopped sampling at 31.0'.
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sand; brown
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Stopped drilling at 29.5'.

Stopped sampling at 31.0'.
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SITLY SAND
with numerous layers up to 2" thick of silty clay; fine sand; 
brown (SM)
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FIGURE 3E
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SILTY CLAY
with numerous layers up to 2" thick of silty fine sand; brown 
(CL)

 28           

saturated
very stiff

FIGURE 3E
(con't)

Stopped drilling at 28.5'.

Stopped sampling at 30.0'.

Installed 1-1/4" slotted PVC pipe to 30.0'.
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Weber State Buildings 1 & 2 Replacement Building
Ogden, Utah

3-3/4" Hollow-Stem Auger
4700' +/-

0128-001-05
State of Utah - DFCM

08-29-05
12.7' (09-13-05)

Ground Surface
SILTY CLAY, FILL
with some fine to coarse sand and fine and coarse gravel; major 
roots (topsoil) to 3" to 6"; brown, FILL (CL)

SILTY CLAY
with trace fine sand; brown (CL)

loose to 9" to 12"
moist

very moist

grades with numerous layers up to 2" thick of silty fine 
sand; brown

Stopped drilling at 15.0'.

Installed 1-1/4" slotted PVC pipe to 15.0'.

No groundwater encountered at time of drilling.

FIGURE 3F
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fine sand; brown

grades with bedding planes dip 10 to 15 degrees

FIGURE 3G
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FIGURE 3G
(con't)

Stopped drilling at 35.0'.

Stopped sampling at 36.5'.
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REMARKS

B-8

Weber State Buildings 1 & 2 Replacement Building
Ogden, Utah

3-3/4" Hollow-Stem Auger
4700' +/-

0128-001-05
State of Utah - DFCM

08-30-05
13.4' (08-30-05)

Ground Surface
SILTY CLAY, FILL
with some fine to coarse sand; major roots (topsoil) to 3" to 6"; 
trace organics; brown, FILL (CL)

SILTY CLAY
with trace fine sand; brown (CL)

SILTY SAND
with numerous layers up to 2" thick of silty clay; fine sand; 
brown (SM)
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moist
very stiff

moist
very stiff

very moist
hard

very moist
very stiff

saturated

saturated
medium dense

loose 9" to 12"

grades with numerous layers up to 1" thick of silty fine 
sand; brown bedding planes dip 10 to 20 degrees

FIGURE 3H
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REMARKS

B-8

Weber State Buildings 1 & 2 Replacement Building
Ogden, Utah

3-3/4" Hollow-Stem Auger
4700' +/-

0128-001-05
State of Utah - DFCM

08-30-05
13.4' (08-30-05)

SILTY CLAY
with numerous layers to 1" thick of silty fine sand; brown (CL)

SILTY SAND
with occasional layers to 1/2" thick of silty clay; fine sand; 
brown (SM)
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very stiff

saturated
loose

FIGURE 3H
(con't)

Stopped drilling at 37.0'.

Stopped sampling at 38.5'.
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REMARKS

B-9

Weber State Buildings 1 & 2 Replacement Building
Ogden, Utah

3-3/4" Hollow-Stem Auger
4700' +/-

0128-001-05
State of Utah - DFCM

08-31-05
14.5' (08-31-05) 15.7' (09-13-05)

Ground Surface
SILTY CLAY, FILL
with trace fine sand and coarse gravel; major roots (topsoil) to 
3" to 6"; brown, FILL (CL)

SILTY CLAY
with some fine sand and occasional layers to 1/4" thick of silty 
fine sand; brown (CL)

SILTY SAND
with occasional layers to 1" thick of silty clay; fine sand; brown 
(SM)

SILTY CLAY
with numerous layers to 1" thick of silty fine sand; brown (CL)
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hard
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hard

saturated
medium dense

saturated
very stiff

grades brown with bedding planes dipping 15 degrees and 
with occasional layers to 1" of silty fine sand

FIGURE 3I
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REMARKS

B-9

Weber State Buildings 1 & 2 Replacement Building
Ogden, Utah

3-3/4" Hollow-Stem Auger
4700' +/-

0128-001-05
State of Utah - DFCM

08-31-05
14.5' (08-31-05) 15.7' (09-13-05)

SILTY SAND
with occasional layers up to 1" thick of silty clay; fine sand; 
brown (SM)  26 
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saturated
medium dense

FIGURE 3I
(con't)

Stopped drilling at 39.0'.

Stopped sampling at 40.5'.

Installed 1-1/4" slotted PVC pipe to 40.5'.



BOREHOLE

Page: 1 of 2

Project Name:
Location:
Drilling Method:
Elevation:
Remarks:

Project No.:
Client:
Date Drilled:
Water Level:

Gordon Spilker Huber Geotechnical Consultants, Inc.
Salt Lake City, Utah  84123

G
ra

ph
ic

al
 L

og

W
at

er
 L

ev
el DESCRIPTION

D
E

PT
H

 F
T

.

0

5

10

15

20

25

B
L

O
W

S/
FT

SA
M

PL
E

 S
Y

M
B

O
L

M
O

IS
T

U
R

E
 (%

)

%
 P

A
SS

IN
G

 2
00

D
R

Y
 D

E
N

SI
T

Y
(P

C
F)

L
iq

ui
d 

L
im

it 
(%

)

Pl
as

tic
 L

im
it 

(%
)

REMARKS

B-10

Weber State Buildings 1 & 2 Replacement Building
Ogden, Utah

3-3/4" Hollow-Stem Auger
4700' +/-

0128-001-05
State of Utah - DFCM

08-31-05
14.5' (08-31-05) 13.5' (09-13-05)

Ground Surface
SILTY CLAY, FILL
with trace fine sand; major roots (topsoil) to 3" to 6";  brown, 
FILL (CL)

SILTY CLAY
with some fine sand; blocky with some cementation; light brown 
(CL)

SILTY SAND
with numerous layers up to 1" thick of silty clay; fine sand; 
brown (SM)
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loose to 9" to 12"
moist
stiff

moist
hard

saturated
very stiff

saturated
medium dense

grades brown with numerous layers to 2" thick of silty fine 
sand; bedding planes dipping 15 to 20 degrees; brown 

FIGURE 3J
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REMARKS

B-10

Weber State Buildings 1 & 2 Replacement Building
Ogden, Utah

3-3/4" Hollow-Stem Auger
4700' +/-

0128-001-05
State of Utah - DFCM

08-31-05
14.5' (08-31-05) 13.5' (09-13-05)
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FIGURE 3J
(con't)

Stopped drilling at 35.0'.

Stopped sampling at 36.5'.

Installed 1-1/4" diameter slotted PVC pipe to 36.5'.

grades with numerous layers to 2" thick of silty clay; 
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