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1.0      INTRODUCTION AND PROJECT OVERVIEW 

In August of 1992, Engineering Resource Group, Inc., was retained by the Mobile District 
U.S. Army Corps of Engineers to perform Limited Energy Studies at Fort Rucker, Alabama. 
These studies were to address specific projects at Fort Rucker and at the Lyster Army 
Community Hospital on base that had potential to reduce energy costs through energy 
demand control or energy conservation. This report summarizes results from the 
investigations made by Engineering Resource Group and their consultant into the specific 
projects defined by the Contract Scope Of Work. 

1.1      Scope Of Work 

There are two main areas of work addressed under this contract, an LP gas storage study 
for Fort Rucker and the evaluation of two energy conservation opportunities for Lyster 
Army Community Hospital. 

1.1.1   LP Gas Storage: 

The objective of this project was to evaluate the technical and economic feasibility of 
building and operating a liquified petroleum gas (LPG) storage facility at Fort Rucker. The 
primary heating fuel at Fort Rucker is natural gas; it is used in central steam plants and in 
central forced-air furnaces for family housing. Natural gas is purchased from the Southeast 
Alabama Gas District at their lowest rate. However, Fort Rucker also pays a natural gas 
demand charge based on the amount of natural gas used during curtailment. During a^ 
curtailment period, thenatural gas demand is intended to be reduced as much as possible 
by switching the central steam plants to ÖDJ~but JheTamily housing area continues to use^ 
natüraTgas.T An LPG storage system would provide the capability of injecting a mixture of 
air and propane into the natural gas distribution system during curtailment to reduce natural 
gas demand. This would result in lower gas bills throughout the year. 

1.1.2   Lyster Army Community Hospital 

An Energy Engineering Analysis Program study was completed for Lyster Army Community 
Hospital in 1989. The following two projects address one additional project not included 
in the original EEAP study and a reevaluation of one that had been included. Further 
analysis is to determine the interrelationship of these two projects. 



1.1.2.1 Cooling Storage System For Peak Demand Reduction 

The objective of this project was to evaluate the technical and economic feasibility of 
reducing peak electrical demand at the hospital by use of a cooling storage system. This 
study will determine the optimum type of cooling storage system for the hospital. Accurate 
evaluation of this project required the modeling of building thermal loads with an approved 
computer simulation program such as Trane TRACE. 

1.1.2.2 Chiller Heat Recovery For Domestic Hot Water 

The objective of this project was to evaluate the technical and economic feasibility of 
recovering heat from the hospital chillers for preheating domestic hot water with and 
without the cooling storage system mentioned above. Heat recovery from chillers was 
recommended in the 1989 study but has not been implemented. 

12      Description Of Work 

In order to completely address all of the considerations required to properly evaluate the 
projects defined in the Scope Of Work, the following procedures were to be followed in 
accordance with the contract. 

1. Review the previously completed energy studies which apply to the buildings, 
systems, or energy conservation opportunities (ECOs) covered by this study. 

2. Perform a limited site survey of specific buildings or areas to collect all data 
required to evaluate the specific ECOs included in this study. 

3. Reevaluate the specific project or ECO from the previous study to determine 
its economic feasibility based on revised criteria, current site conditions and 
technical applicability. 

4. Evaluate specific ECOs to determine their energy savings potential and 
economic feasibility. 

5. Provide project documentation for recommended ECOs as detailed herein. 

6. Prepare a comprehensive report to document all work performed, the results 
and all recommendations. 



13      Criteria And Methodology 

Criteria utilized to reach the conclusions established in this study are as follows.  Where 
appropriate, this information in whole or part is included as part of the appendices. 

1. "Engineering and Design Energy Conservation", Department of the Army, 
Office of the Chief of Engineers, Washington, D. C, 20314, ETL 1110-3-282, 
dated 10 February 1978. 

2. "Energy Conservation Investment Program (ECEP) Guidance", memorandum 
CEHSC-FU-M dated 23 November 1991 and revisions dated 28 June 1991 
and 4 November 1992. 

3. "Military Construction, Army (MCA) Program Development", Headquarters 
Department of the Army, Washington , D. C, Army Regulation 415-15, 
effective 1 January 1984. 

4. "Facilities Engineering Energy Storage Systems, Lessons From Field 
Demonstration And Testing Of Storage Cooling Systems", Department of the 
Army, U. S. Army Engineering and Housing Support Center, Fort Belvoir, 
VA, 22060-5516, Technical Note No. 5-670-1, dated 16 April 1992. 

5. The Southeast Alabama Gas District Billing History, Fort Rucker. 

6. Alabama Power Company Revision No. 8 - Rate Schedule MR-1. 

7. Alabama Power Company Customer Data Sheet, Year 1992, U. S. Army 
Aviation Center, Ft. Rucker. 

8. Alabama Power Company KW/KVA/KVAR Power Factor Summary, U. S. 
Army Aviation Center. 

9. 1989 Energy Survey, Lyster Army Community Hospital Fort Rucker, 
Alabama, U. S. Army Corps of Engineers Mobile District, Contract Number 
DACA01-87-C-0084, Energy Management Consultants, Inc., Birmingham, 
Alabama. 

10. ASHRAE Handbooks: "1987 HVAC Handbook, Systems and Applications", 
American Society of Heating Refrigerating and Air Conditioning Engineers, 
Inc. 

11. "Means Mechanical Cost Data", 1993 Edition. 

12. "Investigation Report And Draft Acquisition Plan", Exeter Associates, Inc., 
Contract Number DACA72-88-D-0005, dated June 1989. 



13. "Seminar Notes:    Thermal Energy Storage Systems", Mackie Associates, 
November 1992. 

14. "Case Studies Of Chilled Water Storage", John S. Andrepont, Product 
Manager, Thermal Systems, Chicago Bridge & Iron Co., 1993. 

15. "Case Study Of A Large, Naturally Stratified, Chilled-Water Thermal Energy 
Storage System", Donald P. Fiorino, P.E., Member ASHRAE, IN-91-20-2. 

16. "Thermal Energy Storage Program For The 1990s", Donald P. Fiorino, P.E., 
Texas Instruments, Inc., Vol. 89, No. 4, 1992. 

17. "How To Put A Chill On Rising Energy Costs", NATGUN, 1991. 

18. "Stratified Chilled-Water Storage Design Guide", Electric Power Research 
Institute (EPRI), May 1988. 

Methodology to evaluate the LP Gas Storage system included a comprehensive review of 
gas bills from Southeast Alabama Gas District, applicable gas rates and the report prepared 
by Exeter Associates, Inc., listed above in the criteria utilized list 

Methodology to determine cooling load profiles at Lyster Army Community Hospital 
included the utilization of Trane TRACE to model the facility. Input data from the original 
1989 EEAP Study was retrieved, verified, and a new input model was developed for the 
specific purpose of evaluating cooling storage. This data was then used to perform manual 
simulations to determine the impact of cooling storage at the hospital on the base electrical 
meter. 

1.4      Organization 

An entry interview was held at Lyster Army Community Hospital on September 9,1992, to 
review the project objectives and discuss each participants role and procedures for execution. 
All parties listed below with the exception of Ms. Winnett were present. Field visits were 
made by Mr. Jackins and Mr. Guthrie during October, November and December 1992. 
Evaluations and analysis of the selected projects were done during January and February 
1993. The report has been written in March 1993 for the Interim Submittal to be made by 
31 March 1993. The project is to be completed by 15 May 1993. 



The principal participants in the preparation of this study are: 

For The Owner: U. S. Army 
Mr. Tony Battaglia 
Mobile District U. S. Army Corps Of Engineers 

Mr. Bill DeJournett, Energy Manager, DEH 
Fort Rucker, Alabama 

Mr. Alan Plant, Facility Manager, EMCS 
Lyster Army Community Hospital 
Fort Rucker, Alabama 

For The Contractor: Engineering Resource Group, Inc. 
Mr. George A. Jackins, P.E. 
Project Manager 

Mr. Boyce Guthrie, P.E. 
L.P. Gas Peak Shaving Consultant 

Ms. Kelly L. Winnett 
Project Engineer 



2.0      EXECUTIVE SUMMARY 

In August of 1992, Engineering Resource Group, Inc., of Birmingham, Alabama was 
retained by the Mobile District U. S. Army Corps of Engineers to perform Limited Energy 
Studies at Fort Rucker, Alabama. These studies were limited to the evaluation of specific 
projects that have potential to reduce energy costs through energy demand control or 
conservation. These projects are: 

1. LP Gas Storage: Evaluate the technical and economic feasibility of building 
and operating a liquified petroleum gas (LPG) storage facility at Fort Rucker 
to reduce natural gas demand charges. 

2. Cooling Storage System For Peak Demand Reduction: Evaluate the technical 
and economic feasibility of reducing peak electrical demand at Lyster Army 
Community Hospital by the use of a cooling storage system. 

3. ChilW Heat Recovery For Domestic Hot Water: Evaluate the technical and 
economic feasibility of recovering heat from the hospital chillers for 
preheating domestic hot water at Lyster Army Community Hospital. 

Each project is summarized individually in the following discussions. 

LP Gas Storage 

During the twelve month period from September 1991 to August 1992, Fort Rucker paid 
the Southeast Alabama Gas District a total of $2,019,981.50 for the delivery of natural gas 
to the base. This natural gas was used to fire boilers in five central steam plants and to heat 
family housing. Of this totalcost, $491,647.22or 2Afow^demmd charges. The demand 
charges each month is establishedI bythe highest daily usage during a period of curtailment. 
On January 16, 1992, when the base was on curtailment, the daily usage was recorded at 
3,436 MCF which set the basis for demand charges for the following eleven months. If this 
one day demand could have been reduced, it would have resulted in a lower delivered 
natural gas cost for the rest of the year. 

One method of reducing this peak daily usage during a period of curtailment is to switch 
the dual fuel boilers in the central steam plants from natural gas to oiL The investigations 
conducted in this study indicated, however, that this was not done during the January 1992 
period of curtailment. Assuming that there was good reason for not switching to oil during 
that period, this study examines the use of an appropriately sized LP Gas Peak Shaving 
plant as the only means of reducing demand during curtailment and evaluates the added 
benefit of switching from natural gas to oil in the central steam plants. 



The economics of utilizing various sizes of LP Gas Peak Shaving plants are examined in this 
study. Considering good practice in the design and operation of such plants coupled with 
the added benefits of fuel switching in the central steam plants, a capacity of 1,500 MCF per 
day was selected for the proposed LP Gas Peak Shaving plant. 

Annual Savings, MCF Demand - 1,500 
Annual Cost Savings -      .   $200,794 
Total Investment - $970,050 
Simple Payback - 4.83 Years 
Total Net Discounted Savings - $4,136,356 
Savings To Investment Ratio (SIR) - 4.26 
Adjusted Internal Rate Of Return (ABRR) - 12.00% 

Cooling Storage System For Peak Demand Reduction 

Lyster Army Community Hospital, Building 301 located at Fort Rucker, Alabama is a 72 
bed total health care facility with a gross area of 206,720 square feet. It is presently cooled 
by a chilled water plant in the building utilizing three centrifugal chillers with a total 
capacity of 820 tons. These chillers are currently manually staged by operating personnel 
to meet building cooling loads. 

A comprehensive Energy Engineering Analysis Program (EEAP) was performed at Lyster 
Army Community Hospital in 1989. The results of this program were available to facilitate 
the appropriate direction of the Limited Energy Studies evaluated under this contract. One 
of the Energy Conservation Opportunities (ECO 2) defined in the 1989 study has a 
significant impact on the ease of implementation of a Cooling Storage System. This ECO 
provides for the installation of primary-secondary chilled water loops with variable speed 
pumping in the secondary loop. Base personnel advised that this ECO has been selected 
for implementation and engineering has been done. The project implementation is now 
predicated on funding. This project to study a Cooling Storage System for Peak Demand 
Reduction has been developed assuming that ECO 2 from the 1989 study will be 
implemented. 

An analysis of the 24 hour electrical load profile of the hospital during a peak summer day 
indicates a relatively level load. This, plus the fact that there are no specific incentives in 
the electric rate applicable to the base such as off peak demand cost reduction, would 
indicate that little potential existed for load shifting for demand reduction. 



However, an examination of the same profile for the entire base reveals a significant swing 
from on peak loads to off peak loads. This swing on a peak summer day is as much as 
15,000 KVA, more than enough to absorb the off peak use of the remaining unused capacity 
of the hospital chillers for storage. Utilizing Trane TRACE 24 hour cooling load profiles 
of the hospital, a strategy was developed to store adequate chilled water during off peak 
hours to meet the total cooling requirements of the hospital during the on peak six hour 
period the next day. This strategy results in a reduction of monthly demands at the base 
electric meter for 8 of the 12 months due to the 75% demand ratchet applicable to the peak 
summer month. 

Annual Savings, KVA Demand - 3,093.6 
Annual Cost Savings - $47,964 
Total Investment - $338,824 
Simple Payback - 7.06 Years 
Total Net Discounted Savings - $651,831 
Savings To Investment Ratio (SIR) - 1.92 
Adjusted Internal Rate Of Return (AIRR)        - 7.45% 

Chiller Heat Recovery For Domestic Hot Water 

The Energy Engineering Analysis Program (EEAP) performed at Lyster Army Community 
Hospital in 1989 identified and recommended and ECO to utilize waste heat from one 
centrifugal chiller to preheat domestic hot water. This ECO is reevaluated in this study 
based on current implementation and energy costs. Additionally, an analysis has been 
performed of the impact of the selected chilled water storage strategy on this ECO. 

Based on a review of the original estimate to implement the chiller heat recovery ECO, it 
was found that this estimated cost increased from $21,870 to $27,820. At the same time 
energy costs reduced from those used in the original ECO as follows: 

Electrical Energy:    From $0.043993/KWH To $0.0215/KWH 

Natural Gas: From $0.411/Therm To $0.289/Therm 

It was established that the methodology and estimates made of energy savings in the original 
ECO were reasonable and would be used in this reevaluation. The economics of the project 
change significantly as follows. 



Annual Energy Savings: 
Electric 
Natural Gas 
Total 

Annual Cost Savings: 
Electric 
Natural Gas 
Total 

Total Investment 
Simple Payback 
Total Net Discounted Savings 
Savings To Investment Ratio (SIR) 
Adjusted Internal Rate Of Return (ADRR) 

139.56 MBTU/Year 
963.60 MBTU/Year 
1,103.16 MBTU/Year 

$879 
$2,785 
$3,664 
$31,019 
8.47 
$70,248 
2.26 
8.00% 

The revised economics for this ECO make its desirability for implementation questionable. 
It must be combined with other projects to be considered as an ECIP project. 

As part of this ECO, further analysis was performed to determine the impact of the 
proposed cooling storage strategy on the heat recovery capability of the centrifugal chiller. 
Based on Trane TRACE projections of ton-hours produced by the chiller before and after, 
there was a projected reduction of chiller operating time of 36%. This reduction impacted 
the estimated energy savings and costs by the same amount. The resulting payback of the 
heat recovery ECO if combined with the cooling storage ECO is 11.85 years making this 
ECO not recommended if the cooling storage ECO is implemented. 



3.0      ENERGY CONSERVATION OPPORTUNITY:  LP GAS STORAGE 

The purpose of this study is to determine the economic and technical feasibility of a 
propane-air peak shaving facility to reduce overall natural gas cost by reducing the monthly 
demand charge for natural gas. 

The calculations for savings use the actual billing figures (see Table 3.1) for natural gas 
from September 1991 through August 1992 demonstrating what savings would have occurred 
if a propane-air peak shaving plant were used to reduce demand of natural gas. For 
purposes of this study propane cost is assumed at $0.50 per gallon. Lower propane prices 
are possible during the months of low propane demand. 

3.1      Existing Conditions 

Ft. Rucker purchases natural gas from Southeast Alabama Gas District under contract No. 
DA-01-044-A111-278 that bills a commodity charge plus a demand charge. Southeast 
Alabama Gas District.purchases gas from Southern NaturalGasCompany, an interstate 
pipeline Company, then adds a margin for billing to Ft. Rucker under rate schedule OCD-2. 
The commodity margin is $0.17307 per MCF and the demand margin is $0.5903 per MCF 
per the contract. An adjustment to convert from volumetric to thermal basis is added to the 
commodity charge. The demand charge per month is determined by the highest daily usage 
during the year. 

Some information for this study was obtained from "Investigation Report and Draft 
Acquisition Plan" prepared under contract No. DACA72-88-D-0005 by Exeter Associates, 
Inc. in June 1989. The results of that report found that Ft. Rucker, at the present time, 
cannot participate in direct purchase and transportation of natural gas because Southeast 
Alabama Gas District does not offer transportation services. The Exeter study suggests that 
Ft. Rucker continue negotiations with Southeast Alabama Gas District for direct purchase 
and transportation. 

During the 12 month period from September 1991 to August 1992, the lowest commodity 
charge of $2.3678 per MCF occurred in September 1992 and the highest commodity charge 
of $3.0357 per MCF occurred in December 1992. The demand charge has a low of $8.9520 
per MCF in June 1992 and a high of $21.5123 per MCF in February and March 1992. See 
Table 3.1. The lowest daily usage of 594 MCF occurred on August 5,1992 and the highest 
daily usage of 3,436 MCF occurred on January 16, 1992. Ft. Rucker gas supply was on 
curtailment from January 15 to January 22,1992. The monthly demand charge for 1991 was 
established on January 15, 1991, at 3,234 MCF per day. The monthly demand charge for 
1992 was established on January 16, 1992 at 3,436 MCF per day. 

10 



3.1.1    Steam Heating Plants 

Ft. Rucker has five dual fuel (natural gas and No. 2 fuel oil) steam heating plants located 
throughout the facility. This study can find no evidence that the boilers were switched to 
fuel oil at any time during the period from October 1991 to September 1992. The demand 
of 3,436 MCF per day established on January 16, 1992, could have been reduced by 
approximately 1,000 MCF per day to 2,436 MCF per day if the boilers had been switched 
to No. 2 fuel oil. The 1,000 MCF per day reduction is based on the Exeter Study, page 1-4, 
Par. 2 which stated, "Ft. Rucker personnel estimated these boilers would add a load of 1,000 
MCF per day during peak periods." 

3.1.2   Total Natural Gas Use And Cost 

The total natural gas usage from September 1992 to August 1992 was 528,600 MCF at a 
total cost of $2,019,981.40. The demand portion was $491,647.22 and the commodity portion 
with BTU adjustment was $1,528,334.30. Refer to Table 3.1. This study will focus on 
reducing the demand cost with a propane-air peak shaving plant. 

11 
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3.2      Size And Demand Considerations 

This study analyzed four different sizes of peak shaving systems: 1,000 MCF per day, 1,500 
MCF per day, 2,000 MCF per day and 2,500 MCF per day. See Table 3.2. A life cycle cost 
analysis, included in Section 3.4, indicates the optimum economical size at 2,000 MCF per 
day. Reducing the demand by 2,000 MCF per day yields a net annual savings of 
$251,096.54. A 1,500 MCF per day reduction in demand yields a net annual savings of 
$188,322.40. These savings are based on reducing demand with a propane-air peak shaving 
system operating during curtailment and the heating boilers remaining on natural gas. 
Additional reduction in demand is available with boilers switched to fuel oil. 

While life cycle costing favors a 2,000 MCF per day plant, technical considerations 
concerning the ratio of propane-air flow to natural gas flow and switching the boilers to fuel 
oil during curtailment dictate a 1,500 MCF per day plant. The mixture of propane-air flow 
in relation to natural gas flow is not governed by codes or law, however it is considered 
good practice to keep equivalent propane-air flow at less than 50% of natural gas flow; 
particularly if any burners supplied by the system do not have 100% safety shut-off. With 
a demand of 3,436 MCF per day (January 16,1992) and a propane-air system size of 2,000 
MCF per day the propane-air flow will exceed 50% of natural gas flow at full load even with 
boilers using natural gas. 

Please note that the demand of 3,436 MCF per day was established with the heating boilers 
using natural gas. If the boilers had been switched to fuel oil during curtailment the 
demand could have been reduced by approximately 1,000 MCF per day to 2,436 MCF per 
day without a propane-air system. This is based on the Exeter study Par. 2, Page 1-4 which 
stated, "Ft. Rucker personnel estimated these boilers would add a load of 1,000 MCF per 
day during peak periods." 

A 1,500 MCF per day plant would exceed 50% of 2,436 MCF per day. However, the 1,000 
MCF per day demand reduction available by switching the boilers to fuel oil is only an 
estimate, and the possibility of one boiler having problems with fuel oil exists. Therefore, 
a 1,500 MCF per day plant provides reserve as well as flexibility with operations. 

3.3      LP Gas Storage Plant 

In the previous section we state that life cycle costing favors a 2,000 MCF per day plant, 
however technical considerations concerning mixture of propane-air and natural gas and 
switching the heating boilers to oil during curtailment dictate a 1,500 MCF per day plant. 

The net savings of a 1,500 MCF per day plant with heating boilers using natural gas would 
have been $188,322.40. See Table 3.2. 
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The net savings calculations for reduction of demand charges would apply for any method 
of reducing demand. If the boilers had been switched to fuel oil during January 15-22,1992, 
and the estimate of 1,000 MCF per day reduction in demand noted in the Exeter report is 
correct, the savings would have been approximately $120,000 for 1992 without a propane-air 
peak shaving system. 

A new 1,500 MCF per day plant in addition to switching the five heating boilers to oil would 
have reduced the demand to 1,218 MCF per day (50% of 2,436 MCF per day) on January 
16, 1992, producing a demand savings of approximately $323,733.27. The estimated cost 
difference between natural gas and a combination of propane/fuel oil is $50,000.00 during 
curtailment, for an estimated net savings of $273,733.27. 

This study recommends the installation of a 1,500 MCF per day propane-air peak shaving 
system and diligence in switching boilers to fuel oil during curtailment. 

3.3.1   Plant Description 

The propane-air peak shaving system should have a minimum of five 30,000 gallon storage 
tanks (7.5 days storage), a high capacity truck unload station, a duplex liquid pumping 
system with controls, vaporizer, mixer with control package, two 50 hp air compressors, flow 
control package and building. 

The injection point of propane-air into the natural gas line should be just downstream of 
the natural gas meter and before any branch take-offs of the Ft. Rucker natural gas 
distribution system. Backfeeding is not recommended because of small line sizes and lack 
of good mixing of propane-air and natural gas. 

A review of plot plan drawings and field inspection dictates only one site suitable for 
location of the propane-air system. NFPA #58 and 59 codes and good engineering practice 
dictate distances from storage tanks, vaporizers, mixers and unloading stations from each 
other and from buildings, property lines, power lines, etc. The only site available is the 
vacant field across the main entrance road from the natural gas meter station. This vacant 
field is across the parking area from buildings 1098 and 2098. See Figure 3.1. 

This location has been discussed with Ft. Rucker long range planning and does not interfere 
with future plans. 

332    Cost Of Plant 

The following is a breakdown of estimated cost of a 1,500 MCF per day plant. 

14 
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3.3.3   Projected Savings 

Calculations based on 1,500 MCF per day peak shaving system, boilers using natural gas and 
on the following information: 

Natural Gas Replaced Per Day 1,500 MCF 
BTU Value Natural Gas Jan. 1992 1,022 BTU/ft3 

Commodity Cost Natural Gas Jan. 1992 $2.998/MCF 
BTU Adjustment Jan. 1992 2.21% 
BTU Value Propane/Gallon ." 91,000 BTU/Gal 
Propane Cost/Gallon $0.50/Gal 
Duration of Curtailment (Jan. 15-22, 1992) 8 days 

Gallons of propane required for 8 day curtailment: 

(1,500,000 ft3/day X 1,022 BTU/ft3 X 8 days)/91,000 BTU/Gal propane = 134,769 Gallons 

Cost of 8 day supply of propane: 

$0.50/Gal X 134,769 Gallons =       $67,384.62 

Commodity savings at 1,500 MCF per day for 8 days: 

1,500 MCF/day X 8 days X $2.998/MCF =       $35,976.00 
Plus BTU Adjustment of 2.21% = 795.07 
Commodity Savings =       $36,771.07 

Cost Increase To Use Propane During Curtailment: 

$67,384.62 - $36,771.07 =       $30,613.55 

Demand Savings at 1,500 MCF per day: 

See Table 3.2 =     $218,935.95 
Less Cost Increase To Use Propane =        30.613.55 
Net Annual Savings =     $188,322.40 

Simple Payback: 

Estimated Cost 1,500 MCF per day plant =     $870,000.00 
$870,000.00 / $188,328.51 =       4.62 years 
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TABLE 32:   COST AND SAVINGS FOR VARIOUS SIZES OF PROPANE-AIR PEAK 
SHAVING SYSTEMS 

DEMAND 

SIZE OF PEAK SHAVING SYSTEM 

SAVINGS SAVINGS SAVINGS SAVINGS 
COST AT 1,000 AT 1,500 AT 2,000 AT 2,500 

MONTH/YEAR PER MCF MCF/DAY MCF/DAY MCF/DAY MCF/DAY 

SEP 1991 $9.4783 $9,47830 $14,217.45 $18,956.60 $23,695.75 
OCT 1991 $9.0253 $9,02530 $13,537.95 $18,050.60 $22^63.25 
NOV 1991 $9.0253 $9,02530 $13,537.95 $18,050.60 $22,563.25 
DEC 1991 $21.4683 $21,468.30 $32,202.45 $42,936.60 $53,670.75 
JAN 1992 $21.5123 $2L51230 $32,268.45 $43,024.60 $53,780.75 
FEB 1992 $21.5123 $2L51230 $32,268.45 $43,024.60 $53,780.75 
MAR 1992 $9.0693 $9,069.30 $13,603.95 $18,138.60 $22,67325 
APR 1992 $8.9523 $8,95230 $13,428.45 $17,904.60 $22380.75 
MAY 1992 $8.9520 $8,952.00 $13,428.00 $17,904.00 $22380.00 
JUN 1992 $8.9523 $8,95230 $13,428.45 $17,904.60 $22380.75 
JUL 1992 $9.0013 $9,00130 $13,501.95 $18,002.60 $22^503.25 
AUG 1992 $9.0083 $9,00830 $13,512.45 $18,016.60 $22^20.75 

ANNUAL DEMAND SAVINGS $145,95730 $218,935.95 $291,914.60 $364,893.25 

Gallons Of Propane Per Day 

Propane Cost At $0.50/gal/day 

8 Day Interruption Cost 
For Propane 

Commodity Savings For 8 Days 
With 2.21% BTU Adjustment 

Cost Increase To Use Propane 
During Curtailment 

Natural Gas Savings (Net) 

Estimated System Cost 

Simple Payback 

11,231 16,846 22,462 28,077 

$5,615.50 $8,423.00 $1L231.00 $14,038.50 

$44,923.08 $67,384.62 $89,846.15 $112,307.69 

$24,514.05 $36,771.07 $49,028.09 $61,285.12 

$20,409.03 $30,613.55 $40,818.06 $51,022.57 

$125,548.27 $188,322.40 $251,096.54 $313,870.68 

$715,000.00 $870,000.00 $1,050,000.00 $1,350,000.00 

5.70 Years 4.62 Years 4.18 Years 4.30 Years 

Note: Heating boilers were not switched to oil during eight day curtailment January 15-22, 1992. Demand 
could have been reduced by approximately 1,000 MCF/day if boilers had been switched to oil during that time. 
A combination of switching boilers to fuel oil and a propane-air peak shaving system will produce greater savings. 
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3.4      ECIP Documentation And DD Form 1391 

Since this project has an estimated cost exceeding $300,000, it may qualify for the Energy 
Conservation Investment Program (ECIP). The project Life Cycle Cost Analysis for the 
1,500 MCF per day plant indicates the following: 

Annual Savings, MCF Demand - 1,500 
Annual Cost Savings - $200,794 
Total Investment -      ' $970,050 
Simple Payback - 4.83 Years 
Total Net Discounted Savings - $4,136,356 
Savings To Investment Ratio (SIR) - 4.26 
Adjusted Internal Rate Of Return (AIRR)        - 12.00% 

Based on this analysis, the project meets the other requirements to be recommended as an 
ECIP project since the simple payback is less than eight years and the savings to investment 
ratio is greater than 1.0. 

On this basis, programming documentation consisting of DD Form 1391 for the 1,500 MCF 
per day plant and life cycle cost analysis summary sheets for all four plant sizes investigated 
are included in this section. 
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LIFE CYCLE COST ANALYSIS  SUMMARY 
ENERGY CONSERVATION  INVESTMENT  PROGRAM   (ECIP) 

LOCATION:     Ft.   Rucker REGION NO._ PROJECT  NO. 2392 

PT?nTFPT TITLE-    Limited Energy Studies  . -———- PROJECT TITLE._uim ^^^cp _ Hropane-Air Peak Shaving System, 

FISCAL YEAR   1993 

DISCRETE  PORTION  NAME:_ 
ANALYSIS  DATE:      10/12/92 ECONOMIC  LIFE    20 PBFPAKER   Jackins 

1.   INVESTMENT COSTS: 
A.  CONSTRUCTION COST 

SIOH 
DESIGN COST 
TOTAL COST (1A+1B+1C) 
SALVAGE VALUE OF EXISTING EQUIPMENT 
PUBLIC UTILITY COMPANY REBATE 

B. 
C. 
D. 
E. 
F. 
G. 

715,000 
39,325 
42,900 

$ 
$. 

S 797,225 

TOTAL INVESTMENT (1D-1E-1F) 

$ 
$. 

S 797,225 

2.  ENERGY SAVINGS (+WCOST(-): 
DATE OF'NISTIR 85-3273-X USED FOR DISCOUNT FACTORS Oct 1992 

ENERGY  COST     SAVING    ANNUAL $ 
SOURCE  $/MBTU(l) MBTU/YR(2) SAVINGS(3) 

DISCOUNT DISCOUNTED 
FACTOR(4) SAVINGS(5) 

A. ELEC $  
B. DIST  $  
C. RESID $  
D. NG   $  2.89 
E. PPG   $  
F. COAL  $  
-G. SOLAR $  
H. GEOTH $  
I. BIOMA $  
J. REFUS $  
K. WIND  $  
L. OTHER $  

45,956 

M. DEMAND SAVINGS 
N. TOTAL 45.956 

$_ 
$_ 
$_ 
$_ 
$ 
$_ 
$_ 
$ 
$ 
$. 
$ 
$ 
$ 
$_ 

132,813 20.60 

132,813 

3.  NON ENERGY SAVINGS <+)   OR COST (-): 

A. ANNUAL RECURRING ( + /-)     $.  
(1) DISCOUNT FACTOR (TABLE A) 
(2) DISCOUNTED SAVINGS/COST (3A X 3A1) 

$.  
$  
$  
S 2.735,948 

$  
$  
$  
$  
$  
$  
$  
S  
$  
S 2.735.948 
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B.  NON RECURRING SAVINGS (+) OR COST (-) 

ITEM SAVINGS(+) 
COST(-)(l) 

YEAR OF    DISCOUNT DISCOUNTED SAV- 
OCCUR. (2)  FACTOR(3) INGS(+)COST(-)(4) 

$ 
$ 
$ 
$ 

a.  
b.  
c.  
d. TOTAL 
C. TOTAL NON ENERGY DISCOUNTED SAVINGS (3A2+3Bd4) 

A. SIMPLE PAYBACK IG/(2N3+3A+(3Bdl/ECONOMIC LIFE)) 
5. TOTAL NET DISCOUNTED SAVINGS (2N5+3C): 
6. SAVINGS TO INVESTMENT RATIO (SIR) 5/1G: 
7. ADJUSTED INTERNAL RATE OF RETURN (AIRR); 

■s" 

$ 

6.00 YEARS 
2,735,948 
3.43 
10.00z 
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LIFE CYCLE COST ANALYSIS SUMMARY 
ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) 

REGION NO. 
i.nr.ATTON:  Ft. Rucker     
PROJECT TITLE:  I imited Fnergy Studies SRivISq^Yitim 
DISCRETE PORTION NAME: 1500 MCF Propane n         jackinS 
ANALYSIS nATK,  10/12/92     ECONOMIC LIFE_J0 PREPARER 

3   PROJECT NO. 2392 
FISCAL YEAR1993 

1.   INVESTMENT COSTS: 
A.  CONSTRUCTION COST 

SIOH 
DESIGN COST 
TOTAL COST (1A+1B+1C)    _ 
SALVAGE VALUE OF EXISTING EQUIPMENT 
PUBLIC UTILITY COMPANY REBATE 

B. 
C. 
D. 
E. 
F. 
G. 

$ 
$ 
$ 
$ 

870,000 
47,850 
52,200 

970,050 

TOTAL INVESTMENT (1D-1E-1F) 

$ 

S 970.050 

?.  ENERGY SAVINGS (+WCOST(-): 
DATE OF NISTIR 85-3273-X USED FOR DISCOUNT FACTORS 

Oct 1992 

ENERGY   COST     SAVING    ANNUAL $ 
SOURCE  $/MBTU(l) MBTU/YR(2) SAVINGS(3) 

DISCOUNT DISCOUNTED 
FACTOR(A) SAVINGS(5) 

A. ELEC  $ 
B. DIST  S 
C. RESID S 
D. NG    $ 2.89 
E. PPG   $ 
F. COAL  $ 
•G. SOLAR $ 
H. GEOTH $ 
I. BIOMA $ 
J. REFUS S 
K. WIND  S 
L. OTHER S 

69,479 

M. DEMAND SAVINGS 
N. TOTAL 69,479 

$  
$  
$  
S 200,794 

$__  
$_  
$  
$ . 
$_  
$  
$_  
$ . 
$.  
S 200,794 

20.60 

3.  NON ENERGY SAVINGS (+)   OR COST (-): 

A. ANNUAL RECURRING (+/-)     S_  
(1) DISCOUNT FACTOR (TABLE A) 
(2) DISCOUNTED SAVINGS/COST (3A X 3A1) 

$  
$  
$  
S 4,136,356 

$_  
S  
$  
$  
$  
S  
$  
$  
$  
S 4r136.356 
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B.  NON RECURRING SAVINGS (+) OR COST (-) 

ITEM 

a.  
b.  
c.  
d. TOTAL 

SAVINGS(+) 
COST(-)d) 

$ 
$ 
$ 
$ 

YEAR OF 
OCCUR. (2) 

DISCOUNT DISCOUNTED SAV- 
FACTORO) INGS(+)COST(-)(4) 

C. TOTAL NON ENERGY DISCOUNTED SAVINGS (3A2+3BdA) 

A. SIMPLE PAYBACK IG/ (2N3+3A+(3Bdl /ECONOMIC LIFE)): 
5. TOTAL NET DISCOUNTED SAVINGS (2N5+3C): 
6. SAVINGS TO INVESTMENT RATIO (SIR) 5/1G: 
7. ADJUSTED INTERNAL RATE OF RETURN (AIRR): 

s' 

4. 
$4, 

83 
136 

YEARS 
,356 

4. 
12 

26 
!.00 Z 
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LIFE CYCLE COST  ANALYSIS  SUMMARY 
ENERGY CONSERVATION  INVESTMENT  PROGRAM   (ECIP) 

Pt     Rlirkpr REGION NO.      3      PROJECT NO._2392  
LOCATION:__FU_Rucker . «•   FISCAL YEAR   1993 
PPOTFCT TITLE-   Limited Energy Studies  ___ . —  
DISCRETE PORTION NAM±.: *U»» ■»■^- . . „, ■-■ __ TTTT.;-,. 
ANALYSIS nATK, 10/12/92     ECONOMIC LIFE  20  PREPARER_  Jack.ns 

1.   INVESTMENT COSTS: 
A. CONSTRUCTION COST       $ 1,050,000 
B- SI0H $ EHHT- C. DESIGN COST $6^000 
D. TOTAL COST (1A+1B+1C)    $ '»"u*/au 

E. SALVAGE VALUE OF EXISTING EQUIPMENT    $_ 
F. PUBLIC UTILITY COMPANY REBATE $. 

G. TOTAL INVESTMENT (1D-1E-1F) ' ' '  

?..  ENERGY SAVINGS (-n/COST(-); _  igg2 

DATE OF H1STIR 85-3273-X USED FOR DISCOUNT FACTORS . UCt 

ENERGY  COST     SAVING    ANNUAL $    DISCOUNT DISCOUNTED 
SOURCE  S/MBTUU) MBTU/YR(2) SAVINGS(3)  FACTOR(4) SAVINGS(5) 

A. ELEC     $ $         
B. DIST     $          $       ■  

Si  NfID 1-TBT     92.636 S   267,718       15*0        $5,514,991 

$ 
$ 
S. 

$_ 
$ 
$_ 

  $ 

S   5. 
$ 
$ 
$ 
$ 

E. PPG   $  .  5 
F. COAL  $    S. 
-G. SOLAR $  .  5 
H. GEOTH $   . $ 
I. BIOMA $    
J. REFUS $    $. 
K. WIND  $    $ 
L. OTHER $  .  s. 
M. DEMAND SAVINGS $ __    qql 
N. TOTAL 92.636 $ 267,718 $5,51U,991 

3.  NON ENERGY SAVINGS (+) OR COST (-): 

A. ANNUAL RECURRING ( + /-) $  
(1) DISCOUNT FACTOR (TABLE A)  • 
(2) DISCOUNTED SAVINGS/COST (3A X 3A1) s.  
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B.  NON RECURRING SAVINGS (+) OR COST (-) 

ITEM      SAVINGS( + )    YEAR OF    DISCOUNT DISCOUNTED SAV- 
- COST(-)U)    OCCUR. (2)  FACTORO) INGS( + )COST(-) (A) 

a.   $         $ 
b. $         $ 

s       $. c 
d. TOTAL      $  $. 
C. TOTAL NON ENERGY DISCOUNTED SAVINGS (3A2+3BdA) 

A. SIMPLE PAYBACK IG/ (2N3+3A-H3Bdl /ECONOMIC LIFE)): 
5. TOTAL NET DISCOUNTED SAVINGS (2N5+3C); 
6. SAVINGS TO INVESTMENT RATIO (SIR) 5/1G: 
7. ADJUSTED INTERNAL RATE OF RETURN (AIRR); 

s" 

$ 5, 
37 YEARS 
514,991 

12 
71 

».002 
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LIFE CYCLE COST ANALYSIS SUMMARY 
ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) 

LOCATION: Ft. Rucker 
REGION NO. 3   PROJECT NO.  2392 

PROJECT TTTT.E:  limited Energy Studies        e^w.nr, Qv^tPm 
DISCRETE PORTION V — ™in MPF - Propane-A.r Peak Shaving System 
ANALYSIS HATE,  10/12/92     ECONOMIC LIFE_J0 PREPARER. Jack.ns. 

FISCAL YEAR 1993 

1.   INVESTMENT COSTS: 
A.  CONSTRUCTION COST       S 1,240,000 

SIOH S    68,200 
DESIGN COST S    7U,400 
TOTAL COST (1A+1B+1C)   S 1,382,600 
SALVAGE VALUE OF EXISTING EQUIPMENT 
PUBLIC UTILITY COMPANY REBATE 

B. 
C. 
D. 
E. 
F. 
G. TOTAL INVESTMENT (1D-1E-1F) 

$_ 
$_ 

S  1,382,600 

2.  ENERGY SAVINGS ( + WCOST(-V. 
DATE OF NISTIR 85-3273-X USED FOR DISCOUNT FACTORS Oct 1992 

ENERGY 
SOURCE 

COST     SAVING    ANNUAL $ 
$/MBTU(l) MBTU/YR(2) SAVINGS(3) 

DISCOUNT DISCOUNTED 
FACTOR(A) SAVINGS(5) 

A. ELEC s 
B. DIST s 
C- RESID s 
D. NG S 2.89 
E. PPG $ 
F. COAL $ 
-G. SOLAR s 
H. GEOTH $ 
I. BIOMA s 
J. REFUS s 
K. WIND s 
L. OTHER s 

111.163 

M. DEMAND SAVINGS 
N. TOTAL 

$  
$  
$  
S 321.261 
$_  
$  
$  
$  
$  
$  
$  
$  
$  

20.60 

111,163 S 321,261 

3.  NON ENERGY SAVINGS (+)   OR COST (-): 

A. ANNUAL RECURRING (+/-)     $  
(1) DISCOUNT FACTOR (TABLE A) 
(2) DISCOUNTED SAVINGS/COST (3A X 3A1) 

$  
$  
$  
S fi.617.977 
S  
$  
$  
s 
$  
s  
$  
$  
$  
S 6.617.977 
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B. NON RECURRING SAVINGS (+) OR COST (-) 

ITEM      SAVINGS(+)    YEAR OF    DISCOUNT  DISCOUNTED SAV- 
- COST(-)d)    OCCUR. (2)  FACTORO) INGS( + )COST(-) (A) 

a.  S         $ 
b.  $         $ 
c.  $         $ 
d. TOTAL      $  $. 
C. TOTAL NON ENERGY DISCOUNTED SAVINGS (3A2+3BdA) 

4. SIMPLE PAYBACK lG/(2N3+3A+(3Bdl/ECONOMIC LIFE)); 
5. TOTAL NET DISCOUNTED SAVINGS (2N5+3C): 
6. SAVINGS TO INVESTMENT RATIO (SIR) 5/1G; 
7. ADJUSTED INTERNAL RATE OF RETURN (AIRR) : 

s" 

4. 

$6. 

30 
617 

YEARS 
,977 

4. 
12 

79 
!.00 Z 
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1. COMPONENT 3. DATE 

ARMY 
FY 19 93    MILITARY CONSTRUCTION PROJECT DATA 25 March 93 

1 INSTALLATION AND LOCATION 4. PROJECT TITLE 

Fort  Rucker 
Alabama ECIP 

S. PROGRAM ELEMENT 6. CATEGORY CODE 

80000 

7. PROJECT NUMBER 8. PROJECT COST (SOOO) 

970 
9. COST ESTIMATES 

ITEM U/M QUANTITY UNIT 
COST 

COST 
(SOOO) 

30,000  Gallon  Propane Tanks And Trim EA 5 75,000 375 

Truck Transport Unload Station LS   — 18 

Duplex  Liquid Pumping System                                    1 LS   — 17 

Vaporizer/Mixer Unit LS   — 180 

Dual Air Compressor System LS   — 120 

Peak Shaving  Controls LS   — 95 

Building LS   -•- 65 

Supervision,   Inspection  & Overhead  (5.5%) 48 

Design  (6.0%) 52 

TOTAL 
- 

970 

lO. DESCRIPTION OF PROPOSED CONSTRUCTION 

The primary facility of the propane-air peak shaving system will include 
storage tanks,  a high capacity truck unload station,  a duplex liquid pumping 
system with controls,  vaporizer,  mixer with control package,  air compressors, 
flow control package and building.     The work is new construction at Fort 
Rucker.     The purpose of this facility is to reduce overall  natural gas cost by 
reducing the monthly demand charge for natural gas.     Demolition of existing 
buildings is not required for site clearance.    Accessibility for the handicapped 
is not required for functional  reasons. 

11.     Project: 

Install a propane-air peak shaving facility.     This project will save 
$200,794 per year and 69,479 MBTU per year of natural gas. 

DD      FORM       1391 

t DEC 76 
PREVIOUS EDITIONS MAY BE USED INTERNALLY 

UNTIL EXHAUSTED . 

FOR OFFICIAL USE ONLY 
(WHENDATA IS ENTERED) 
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1. COMPONENT 

ARMY 
FY 19J3_ MILITARY CONSTRUCTION PROJECT DATA 

1. OATE 

25 March 93 

3. INSTALLATION AND LOCATION 

Fort Rucker 
Alabama 

4. PROJECT TITLE 

ECIP 

5. PROJECT NUMBER 

REQUIREMENT: 

This project is required to provide a reduction of overall  natural gas cost by 
reducing the monthly demand charge for natural gas by utilizing a propane-air 
peak shaving system during a period of curtailment.     The project has a 
Savings To Investment Ratio (SIR)  of 4.26.     The ECIP Life Cycle Cost Analysis 
summary sheet is attached. 

CURRENT SITUATION: 

Fort Rucker is billed for natural gas demand charges each month by 
establishing the highest daily usage during a period of curtailment.     This one 
day demand sets the basis for demand charges for the following eleven months. 
An  LP Gas Storage plant would reduce this one day demand during curtailment 
resulting in a  lower delivered natural gas cost for the rest of the year. 

IMPACT: 

Fort Rucker will continue to set the same demand usage during curtailment 
and will  lose a potential annual savings of $200,794 in natural gas demand 
costs. 

rvr-j     FORM      fOQI,- PREVIOUS COITIONS MAV BE US60 INTERNALLY PAGE NO 
""10EC76    UiJIC UNTIL EXMAUSTEO 

FOR OFFICIAL USE ONLY 
(WHENDATA IS ENTERED) 
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SECTION 3.0 APPENDIX 

LP GAS STORAGE 

FORT RUCKER 
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APPENDIX 3A 

NATURAL GAS BILLING HISTORY 
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Ill: SOUTHEAST ALABAMA CAS DISTRICT 
1-Ol.T   OfFICC   L)OX   IJ'JU 

ANDALUSIA, ALAllAiLV 3(W2i) 

25-100- 

;c^3 To r 
DEH 
Building 1404 
Utilities Division 
Fore Rucker, Alabama 3G362 L1' 

SERVICE /kODREss       Fort  Rucker 

n 

J 

DATE    Januar>   S,   1992 

PLEASE  MAKE   ,.-£MITTANCETO 

Andalusia Office 

DABTO 1-74-0153 

CX^LANATION   OK   ChAhCt 

December 1991 

Meter Station #12405 

See Analysis Sheet for meter readings and consumption = 33,701 Mcf. 

Meter Station #12301 and =12302 

For daily consumption and meter readings see attached monthly meter 
analysis sheets:  32,251 Mcf. 

Commodity Charge: 

65,952 Mcf @ $3.035760 per Mcf  

Add BTU adjustment Q 2.22% ' 

Demand Charge: 

3,234 Mcf Q  $21.468300 per Mcf. 

AMOUNT 

Balance Due. 

Average BTU content for the month was 1022.19. 

Billing Demand Mcf established February 15, 1991. 

I certify that this bill is correct and just; that payment therefor ha« 
not been received: 'hat all statutory requirement* as to American 
production and labor standards, and all conditions of purchase 
applicable to ihc trsf^oactio^ have bcc^-_complied with and thai 
State  or   local   sales   tMes   are\notyynclud*2tM*' the  amounts   billed; 

Sworn   to  and   subsc 
this   8th day of Ji 

 Notary 

$200,214. 

4,444. 
"2047659: 

69,428. 
I274TÖ87- 

ribdd bt 
jinuary l: 

Tic" 

Cia-"*. 
t*, Coma tsyon txp»es '■ 

38 



II  - 
II— *"  

t- CT   i «-.jinfticiajM^ffiMn-jj-j)'«' or) j>«j(0«i)TWO<\i<Mntf,-t 
!! a a !! -~~n$w~~~~~~~-<u<uw<urow — ~~<VJ(VICU(VJ--«C\J<VI<VI 
II  i—       n 
ii»  
it  — —  II — — — ~  
ii II  

ü Ü ooa3r<-mooooooooo<vi-'<T'»x>»>-oooooooooooo 
M u_       ti *o Is- <r Is- -p o p <o in 
HUH —i^otn «i"Win w 
II   z. II 
II II 
II             II __ _ _ II  — —  II  — — — — _____ — — — — —— — — — — 
■t II  (T>/T«<T'<T»<T,<r,<rcricr,iT,<T,<T,<T,<r,<r><T»<r,<T,<r,tf,<r,<r><r,<r»<r,<r>a,<T"<T,<Pff' 
II  <VJ    .  II  rinnMnnririMMrinnnrirtrtriMriMnririiinMrinrnri 
!! rit !! SSOOOOOOOOSOOOOOOOSGOOGOSSOSOOO 
II   <VJ  UJ   II   CU<U<Maj<U(Viai«J(VJ(M<Vi<M<M<yW<VI<MAi<Vi<M<VJ<XJ<VJ<Vl<«OJ<UAJ<VJCU(U 

HUH 
II II  
II    _  _   H   — — — — —  —  —  —  — 

II   <\j«->  II   OO<\Je0cnOOOOOOOOOfs--«"Alcr,CP-* ooooooooooo 
Moan        o — m a)r;M^02 iin.ii ru ca <J3 n -* <u Is- ro 
II   <\J  t—    II 
II   —«   Z    II 
II        •->  II _  
II II       ~~ 
j! !! owi^--jo-rnaj^oeo<vjin^»n«nor~<vi"Mco^jr-cr<f»)<acuöJ»noniö> 
n  u. H aJ>flwoo•Tmwf-<<rnco(0•»OlnoKlWW(p^^a)lnowT(^ 
II  cj II ^<vitn-r(vj<r'«xj-4-ff»co-<r-«m<r«AioJ<u-3-ai<r«<pr*-(u-'0 — onincu „E H « ^ _                                            ^^^^^                ^,^,^^,«^,^,„ 
II n 
n             II _      _ _ _ 
II  —— II       "~ 

II « < II -« ^- -< -« —,^.^^^i-<«^-«^-^ — -<»-«^ — •»-••«--•'-■«•^•«--•^«^-^ 

!! ^t !i tnininintnininintnintnininin in in inininininininintninmininmtn 

i!  ~ a I! nnnnnnnnnnnnnnnnnnnnnnmntnrnronnnn 
HUH 
II II  
II    —   —    II  

iJ _ it Ü o-<rcvjr-j)0<na'f^'-«mAJOoo<«noi^^in<\jfnmo — ~ in — <jjin-j 

n   .11       minoeo-a-<oncDoou3coai'«<j»-T-T-«-<j,inaj<iiininn — no^ooin 

II   -* z   II 
■■       •—» ti   
II II —  
ii m       !! or»o^oa3riin<vj<xi-*»or<»oinninu)Oin-*-in<u-j-r<ar.-4- — SEJQS 

o u.      oj — »flMvacu^oo<T'(^oocor-oancuuon»o<vj<r'inr^r~-oor«inrnin£r' 

II  ■**       II 
II II   
II II —  
i! or ii coaj.roouir-»or>-(\i»oor^fOvflujinmin<vjnMr^inmno<viminvfl 
II    .a  II m<pr^m-Tujc^%fl<uma)-<rcu»or»-r^inuTina,oor^-^-'0£»o; — ~ «-« 
ii £ u i! ^SHnnnMM^nroronMMrnrnroMrnrnrnrnmroMrnMMMi^ 
II  ui cz  II • Jl JL 

II II  _»_ 
II II  

ww-wwwwwwwwwaiwwwwwwwwwwwwwwwwww 
II rj II ooooooooooooooooooooooooooooooo 
II h- II .-.-.-.-..^-«.~-••~>«-■-«■~-•-••'-•-*-«-'•'-«•~-*-«-,-''"■H-,-, — -*«-•-* 
II en it 
II it 
II II 
it II   
II  II  
ii . !!w-ff-^nwnnriniiiiw--inininiiwww--wwri--w 
■ a.             r^f^.or^r^r^Sf^r^r-r^r^f^i^r^i^i^r-i^i^i^r^r^i^i^rrf^rX^r-^ 
ii 5 i! KinwiinKfiKKKKKHininininininininininininininininininin 
ii a!       !i ddddddddddddddddddddddddddooooo 
II in       II  
II  __ II  __ _ — — — 
n a. II om-<'-,<r>fl3<n<X)-^<r«coo-<<T'<r><r«iv-r-i^-»o«o«ocO'-o»n«i)r~j)»o>x)in 
HE        II       minin-4,-T-a--<rin-T-»-min-r*r-4--s--a--!r-4--a--4-<r<r-T-4--!r-T-T-T-«- 

II    Ui II 
it  »—        II 
II II n M ___ _ __  
M        z  II   uocjouoüouoouoooüuoaouuoouoauotjo 
N UJ o it tu tit «u <u «u di aj tu a* «u «u fl* <u «u ai 4* *» tu at «u «u *i* <i» A» <t« n.i oi «i» n< **• *' 
N   I— N   QQQaQQQQQQQQQQQOQOQQQQQClQQQCiaQCl 
M    <X   •—    II      I      (       I      I       I       l      I       I      I      I       I      I       I       I       I      I      I      I       I       I       I       I       I       I       I       I       I       I       I       I      I 
<i   a  Z3   II   —• <\i ft  -T in ~a r~ m er o  —• <vi m  -T in j5 r- co <j- o  — <">J fi  -T  in  -.n r~ ro «r« o — 

•    - -> »   .i   .->   . ,   ,^     i  , i   ^.   ^   «  -   «   _   «   -  «   -   .  :   r.i   ,ii  -ii   'I   M   nj  AJ  .->I  m  m  <*i 

CT 

<r 
UJ 
en 
JC 
Ui 
CJ 
UI 
a 

tu 

ce 
Q 

(Vi    II 
II 

II 
sO   u 
r» II 
n II 
<T«   II 
cu  II 

II 

* 

II 
— n 
O    M 
r^ II 
n II 
n II 

n 
CO    II 
ca II 
«.a  II 
-H      || 

n II 
II 
II 
it 

it 
— ii 
-3-    II 
r^ II 

. II 
r- II 
—• II 

w 
_i 
cr 

a 

m 
<r« 
m 

cc 
Ui 

a 
»— 
tn 

CJ 

<r 
Ui 
z> 

_J 
UI 
a 
_j 
a: 

in 

z a 
Ui 
a 
CE 

UJ 

Ui 

a 
z 

cr« eo   il   — 
in m II 

II 
o 

Offl «   «   Is- 
ui n o  II  f*j 
i— vij n  II  r*j 
(j •-■ »-, 

ui 
a: 

ti 
II 
II 

cr oj <r>  it 
O cr>   i 
u   i   -« 

—   t 
CVJ   II 
—• II 

in o 
fVJ 

z 

ai o 

II 

fi 
r- 
-r 

(— 
CD 

lü 
O 
Ct 
CE 
UJ 

>- 
CD 

O 
UI 
It 
<x 
Q. 
UI- (»: 

39 



00-1D1 THE SOUTHEAST ALABAMA GAS DISTRICT 
POST OFFICE  BOX   133« 

ANDALUSIA, ALABAMA 36420 

2S-10$£ 

SOLO TO | 

VEH 
Building   1404 
Utilities division 

\_font Rucken,  Alabama 36362 

~1 

_l 

DATE Febnuany 10,  199f 

PLEASE MAKE REMITTANCE TO 

SERVICE ADDRESS 
Font Rucken PABTÖ   1-14-0153 

EXPLANATION OF CHARGE 

Januany  1992 

Mete* Station «12405 

See Analysis Sheet  (Jo* mete* neadings and consumption = 36,631 

Ueten Station «12301 and «12302 

Fon. daily consumption and mete* neadings see attached monthly meten 
analysis sheets-.    42,086 Mc£. 

Commodity Change: 

78,717 Uci @ $2.998000 pen. Mel  

Add ETU adjustment § 2-21%  

Demand Change: 

3,436 Uci    g $21.512300 pen. Mci  
Balance due. 

Average BTU content ion. the month was 1022.10. 

Billing Demand Hcf, established Januany 16,   1992 

I certify that thia bfll to earract aad Jaat; that pajrmant tharafar has 
not haaa racarrad; that ait «tatatary raqatramaatt aa la Aataricaa 
prodactiaa and labor ataadarda, aad all comHtioM af aarehaaa 
applicable t* tha traaaactioaaVhaw haaa compjiad with aad that 
Btata or local aala* taVaa ara^ot fafladad^t^^ amounts Mllad. 

B»*: Lttk 
»&= 

Swore to and srtscribed before m 
tfck /tV/>      itay nip Ifl ^ 

40 

AMOUNT 

$235,993.57 

5,215.46 
241,209.03 

73,916.26 
$315,125.29 
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£ THE SOUTHEAST ALABAMA GAS DISTRICT 
POST OFFICE  BOX   133« 

ANDALUSIA, ALABAMA 3tH20 

25-100', 

SOLO TO | 

!_' 

VEH 
Building   1404 
Uti.liti.eJ> Division 
tout Hucket,  Alabama 36362 

~l 

_J 

DATE Match 6,   1992 

SERVICE ADDRESS Fott Rucket 

PLEASE MAKE REMITTANCE TO 
Andalusia OHice 

VABTO   1-74-0153 

• 

EXPLANATION OF CHARGE 

Febtuaty  1992 

Mtte.*. Station «  12405 

See Analytic Sheet lot me.te.ti leading* and consumption = 29,950 Mel. 

Metet Station «12301 and «12302 

Tot daily consumption and metet leadings see. attacked monthly mete.fi 
analysis sheets-.    30,952  Mc<$. 

Commodity Chatqe: 

60,902 Mel  e $2.848320 pet Mel '.  

Add BTU adjustment « 2.. 7-7%  

Vemand Chatqe: 

3,436 Mci  e $21.512300 pet Mci  

Balance due. 

Avetage Btu content lot the month was  1021.14. 

Billing Vemand Mel established Januaty 16,   1992, 

1 certify that this Mil it comet aad jnat; that payment tharafor Kai 
not been reeerred; that all aUtatory requirement« a* to American 
production and labor etaadarda, aad all condition* of purchase 
applieabl« to the traAactianK •»■▼« *«aa -    - 
State or local «ale* U* 

IT« been complied with aad that 
t included <M« amonnU billed. 

—*^?—'^yB^i   

Sworn to and subscribed before 
>£ March 1992 

AMOUNT 

$113,46%. 38 

3,660.18 
177,128.56 

73,916.26 

$251,044.82 

Notary 
My Commission Exiires 

ublic 
Fell.14. 1996 
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TUE SOUTHEAST AUBIBA GAS DISTRICT 

GAS CONTROL DEPT. 

FORT RUCKER  FEBRUARY 1992 

1 DATE 1 TEflP ISP.GR. 1 BTU EXT. 1 12405 1 12301 1 12301 1 BCF 1 12302 1 12302 1 BCF II TOTAL II 

IPUT QN 1 1     1 FACTOR 1 BCF IINT.DIFI COEFF. 1 IIHT.MFI COEFF. 1 II DAY II 
|=r===z=== ::::::::::::::: z = r:;m: :===;;;:= ======== ========. ::::::::::: :==== === = ======= ::::::::;:: ========: :======|| 

101-Feb 1 43 1 0.573 1 1023 1 1.3433 1 1133 1 2423 1 375.14 1 1221 1 0 1 620.39 1 0 II 2354 II 
102-Feb I 42 1 0.573 1 1023 1 1.3446 1 1246 1 2679 1 375.14 1 1351 1 0 1 620.39 1 0 II 2597 II 

103-Feb 1 43 1 0.572 1 1022 1 1.3444 1 1109 1 2399 1 375.14 1 1210 1 175 1 620.39 1 146 II 2465 II 
104-Feb 1 43 1 0.572 1 1023 1 1.3444 1 935 1 2044 1 375.14 1 1031 1 154 1 620.39 1 128 II 2094 II 
105-Feb 1 43 1 0.572 1 1022 1 1.3444 1 1164 1 2505 1 375.14 1 1263 1 0 1 620.39 1 0 II 2427 II 

106-Feb 1 43 1 0.571 1 1021 i 1.3456 1 1438 1 3043 1 375.14 1 1536 I 0 1 620.39 1 0 II 2974 II 

107-Feb 1 43 1 0.572 1 1022 1 1.3444 1 1348 1 2854 1 375.14 1 1439 1 0 1 620.39 1 0 II 2787 II 

lüfl-Feb 1 42 1 0.571 1 1021 1 1.3470 1 1397 1 2986 1 375.14 1 1509 1 74 1 620.39 1 62 II 2968 II 
109-Feb 1 41 1 0.571 1 1021 1 1.3483 1 1229 1 2733 1 375.14 1 1382 1 493 1 620.39 1 412 II 3023 II 
110-Feb 1 41 1 0.571 1 1021 1 1.3483 1 1133 1 2528 1 375.14 1 1279 1 440 1 620.39 1 368 II 2780 ir 
Ill-Feb 1 41 1 0.571 1 1020 1 1.3483 1 1110 1 2418 1 375.14 1 1223 1 283 1 620.39 1 237 II 2570 II 
112-Feb 1 42 1 0.571 1 1020 1 1.3470 1 970 1 2137 1 375.14 1 1080 1 0 1 620.39 1 0 11 2050 11 
113-Feb 1 43 1 0.571 1 1021 1 1.3456 1 903 1 1957 1 375.14 I 989 1 0 1 620.39 1 0 II 1892 11 
114-Feb 1 45 1 0.572 1 1021 1 1.3416 1 733 1 1601 1 375.14 1 806 1 0 1 620.39 1 0 II 1539 11 
115-Feb 1 46 1 0.571 1 1021 1 1.3415 1 701 1 1553 1 375.14 1 782 1 0 1 620.39 1 0 11 1483 11 
116-Feb 1 46 1 0.572 1 1022 1 1.3403 1 670 1 1469 1 375.14 1 739 1 0 1 620.39 1 0 II 1409 II 
117-Feb 1 47 1 0.571 1 1021 1 1.3402 1 770 1 1695 1 375.14 1 852 1 0 1 620.39 1 0 II 1622 II 
118-Feb 1 47 1 0.572 1 1021 1 1.3390 1 802 1 1712 1 375.14 1 860 1 0 1 620.39 1 0 II 1662 II 
119-Feb 1 48 1 0.571 1 1020 1 1.3389 1 918 I 2006 1 375.14 1 1008 1 0 1 620.39 1 0 II 1926 II 
120-Feb 1 46 1 0.571 1 1020 1 1.3415 1 1075 1 2275 1 375.14 i 1145 1 0 1 620.39 1 0 11 2220 II 
121-Feb 1 46 1 0.571 1 1021 1 1.3415 1 999 1 1373 1 375.14 1 691 1 0 1 620.39 1 0 II 1690 II 
122-Feb 1 47 1 0.572 1 1020 1 1.3390 1 780 1 1617 1 375.14 1 812 1 0 1 620.39 1 0 II 1592 II 
123-Feb 1 49 1 0.571 1 1020 1 1.3376 1 1116 1 819 1 375.14 1 411 1 0 1 620.39 1 0 II 1527 11 
124-Feb 1 49 1 0.571 1 1020 1 1.3376 1 9% 1 698 1 375.14 1 350 i 0 I 620.39 1 0 11 1346 11 
125-Feb 1 51 1 0.572 1 1021 1 1.3338 1 1014 1 393 1 375.14 1 197 i 0 1 620.39 1 0 II 1211 II 
126-Feb 1 47 1 0.572 1 1021 1 1.3390 1 1276 1 2724 1 375.14 1 1368 ! 155 1 620.39 1 129 II 2773 II 
127-Feb 1 47 1 0.573 1 1022 1 1.3379 1 1111 1 2413 1 375.14 1 1211 i 245 1 620.39 1 203 II 2525 II 
128-Feb 1 47 1 0.573 1 1021 1 1.3379 1 856 1 1846 1 375.14 1 927 1 0 1 620.39 1 0 II 1783 11 
129-Feb 1 46 1 0.572 1 1021 1 1.3403 1 1018 1 1184 1 375.14 1 595 1 0 1 620.39 I 0 II 1613 II 

1«« TOTALS " 116.578 1 29613 !< 1685 II £0902 11 
1 

1 
======= == = ====== =• ====== :=====!|= =====11 

II 
liVEEAGE BTU « 14.73 =1021.138 
i                    ' 

KETER 12405 TOTAL DELIVERY THIS CUSTOHER II 60902 II 

J-1-3X   ZJUMU II- = 11 

1 
■ 

Y: 

-1-92 200490 II 

11 
II 
II 

i 

IPKEP1BED B 

1     / 
TOTAL  : 29950 

cz^ - A *? 
1- r- ? II 

II 
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/ 
THE SOUTHEAST ALABAMA GAS DISTRICT 

 ~.. a/\v     IHM POST OFFICE  BOX   «33t> 
ANDALUSIA. ALABAitA 3W20 

25-1002 

OLD TO 1 

DEH 
Building 1404 
Utilities Division 

L_ Fort Rucker, Alabama 363ÖZ 

1 
DATE    April 7,  1992 

PLEASE MAKE REMITTANCE TO 

Andalusia Office 

SERVICE ADDRESS Fort Rucker 

J 

DABTO 1-74-0153 

DATE EXPLANATION  OF CHARGE 

March 1992 

Meter Station #12405 

See Analysis Sheet for meter 

MPter Station *i?301 and #12302 

For daily consumption andmeter 
analysis sheets: 19,701 Mcf. 

readings and consumption = 32,322 Mcf. 

readings see attached monthly meter 

rnnmodity Charge: 

52,023 Mcf @ $2.782370 per Mcf. 

Add BTU adjustment @ 2.07%  

Demand Charge: 

3,436 Mcf <a $9.069300 per Mcf. 
Balance Due. 

Average BTU content for the month was 1020.71. 

Billing Demand Mcf established January 16, 1992. 

I certify tk*t tW. Mil U ««•« mm* j«t; tt* p«ym«t «*«•«£**• 

Ctork 

$144,747.23 

2.996.27 
-147,743.50 

31,162.11 

$178,905.61 

Sworn to and «ubecri jed before me 
thifl 7 1992 

MyCowmhsion Expir s Feb. H. 1996 
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THE SOUTHEAST fiLABAHA GAS DISTRICT 
GflS CONTROL DEPT. 

FORT SUCKER      KARCH lWc 

I DATE I 
IPUT ON I 
1= 

TEW 1SP.GR. 
I 

181-ter I 
182-Kar I 
183-ter I 
184-Äär I 
185-ter I 
106-ter I 
187-Kar I 
lea-Har I 
189-Kar I 
118-Har I 
lll-ter I 
I12-*ar I 
113-ter I 
114-ter I 
115-ter I 
116-Har I 
117-Har I 
116-fcar I 
119-Kar I 
128-Har I 
121-ter I 
122-ter 1 
123-ter 1 
124-Mar I 
125-fer I 
126-Mar I 
127-ter I 
128-Mar I 
129-ttar I 
I3*-Kar I 
I3l-te- I 
I  

49 I 8.571 
5« 1 8.572 
49 I 8.572 
51 I e.572 
58 I Ö.572 
52 I e.572 
8 I 8.572 

58 I 8.572 
54 I 8.573 
49 I e.572 
58 I 8.571 
49 I 8.572 
49 I e.571 
49 I 8.571 
49 I 8.572 
49 I 8.572 
51 I 8.575 
49 I 8.576 
58 1 8.576 
49 I 8.572 
48 I 8.572 
48 I 8.571 
48 I 8.572 
48 i 8.572 
48 1 8.571 

49 I 8.572 
58 I 8.571 

51 I 8.571 

49 I 8.571 

51"I 8.571 

51 I 8.571 

BTU^ I EXT. I 12AÖ5 I 12381 1 12381 

I FfiCTOR I MCF IINT.DIFI COEFF. 

1828 

1821 

1821 

1821 

1621 

1821 

1821 

1821 
1822 

1828 

1828 

1821 

1819 

1828 
1821 
1821 

1821 
1823 

1823 

1821 

1821 
1828 

1821 

1821 

1828 

1828 

1828 

1828 

1828 

1828 

1828 

! 1.3376 I 

I 1.3352 I 

I 1.3363 I 

I 1.3338 1 

I 1.3352 1 

I 1.3325 I 

I 1.4Ö58 I 

I 1.33S2 I 
I 1.3288 I 

I 1.3363 I 

1 1.3364 I 

I 1.3363 I 

I 1.3376 I 

I 1.3376 I 
I 1.3363 1 
1 1.3363 I 
I 1.3384 I 

I 1.3317 I 

I 1.3385 I 

I 1.3363 I 

1 1.3377 I 

I 1.3389 I 

I 1.3377 I 

I 1.3377 I 

1 1.3389 I 

I 1.3363 I 

I 1.3364 1 

I 1.3358 I 

I 1.3376 1 

1 1.3358 1 

1 1.3358 1 

1169 I 

1845 I 

1876 I 

1845 I 

863 I 

1118 I 

1827 I 

1896 I 
1872 I 

1315 I 

1281 I 

1148 1 

1692 I 

1825 I 
1887 I 
1895 I 

1880 I 

1842 I 

1125 I 

942 I 

981 I 

864 I 

1192 I 

947 I 

683 I 

1166 I 
964 I 

1214 I 

748 I 

1861 I 

1885 I 

691 I 

683 I 

456 I 

368 I 

927 I 

228 I 

8 I 

113 I 
168 I 

1537 I 

2764 I 

2429 I 

2388 I 

1316 1 
1436 1 
1856 I 

539 I 

774 I 

474 I 

1976 I 

1899 I 
1842 I 

2523 I 

2819 I 

1893 I 

1483 I 

1386 I 

548 I 

1597 I 

877 I 

1579 I 

375.14 

375.1V 

375.14 

375.14 

375.14 

375.14 

375.14 

375.14 

375.14 
375.14 

375.14 

375.14 

375.14 

375.14 
375.14 

375.14 
375.14 

375.14 

375.14 

375.14 

375.14 
375.14 

375.14 

375.14 

375.14 

375.14 

375.14 

375.14 

375.14 

375.14 

375.14 

HCF 1 12382 I 12382 
IIHT.D1FI COEFF. 

MCF II TOTO. II 
II DAY II 

347 I 

342 » 

229 I,. 

184 1 

464 I 

114 1 

8 I 

57 I 

88 I 

778 I 

1386 I 

1218 I 

1158 I 

668 1 

728 I 
938 I 

269 I 

387 I 

237 I 

991 I 

953 I 

925 I 

1266 I 

1813 1 

951 I 

783 I 

655 I 

278 I 

881 I 

439 1 

791 I 

0 I 

3 ; 

8 I 

8 I 

8 I 

8 i 

8 I 

8 I 

8 I 

91 I 

319 I 

8 I 

8 I 

8 t 
8 I 

8 I 
8 I 

8 I 

8 I 

8 I 

8 I 
8 I 

63 I 

8 I 

8 I 

8 I 

8 I 

8 I 

8 I 

8 I 

8 I 

628.39 I 

628.39 I 

628.39 I 

628.39 I 

628.39 I 

628.39 I 

628.39 I 

628.39 I 

628.39 I 

628.39 I 

628.39 I 

628.39 I 

628.39 I 

628.39 I 

628.39 I 
628.39 I 

628.39 I 

628.39 1 

628.39 I 

628.39 I 

628.39 I 

628.39 t 

628.39 I 

628.39 I 

628.39 I 

628.39 I 

628.39 I 

628.39 I 

628.39 I 

628.39 1 

628.39 1 

8 II 

8 II 

8 II 

8 II 

8 II 

8 II 

8 II 

8 II 

8 II 

75 II 

264 II 

8 II 

8 II 

8 II 

8 II 
8 II 

8 II 

8 II 

8 II 

8 II 

8 II 
8 II 

52 II 

8 II 

8 II 

8 II 

8 II 

8 II 

8 II 

8 II 

8 II 

1516 II 

1387 II 

1387 II 

1229 II 

1327 II 

1224 II 

1827 II 

1153 II 

1152.11 

2168 II 

2931 II 

2366 II 

2258 II 

1685 II 

1727 II 
2825 11 

1269 II 

1429 II 

1362 II 

1933 II 

1854 II 
1789 II 

2518 II 

1968 II 

1634 II 

1869 II 

1619 II 

1484 II 

1549 II 

1588 II 

1796 II 
 H 

I«* TOTALS » 117.733 I  31642 

1 

I        

|»*****«l 32322 I*«««!«*«*««! 19318 I ******* I ********* I 391 II 
==ll 

52823 II 
==|| 

II 

IftVERflGE BTU  * 

I 
IPREPAREDBY: 

=1828.718 lOff Reading — 262762 ITOTAL DELIVERY THIS CUSTftö 

lOn Reading  238448 I 
, -I 

ITotal 12485 =        32322 I 
I I 

52823 II 
=====11 

II 
II 
II 
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• 
GO-IBt THE SOUTHEAST ALABAMA GAS DISTRtt 

POST OFFICE BOX 1330 
ANDALUSIA, ALABAMA 30420 

Building 1404 
Utilities Division 

I Fort Rucker, Alabama 36362 

1 

J 

25-100?: 

DATE May 4, 1992 

PLEASE MAKE REMITTANCE TC 

Andalusia Office 

SERVICE ADORE« 
Fort Rucker DABT0 1-74-0153 

CXfLANATION OF CMAHGE 

April 1992 

Meter Station #12405 

See analysis sheet for meter readings and consumption 26,690 Mcf. 

Meter Station #12301 and #12302 

For daily consumption and meter readings see attached monthly .meter 
analysis sheets: 6,671 Mcf. 

Commodity Charge: 

33,361 Mcf @ $2.556120 per Mcf ' ...  

Add Btu adjustment @ 2.037% •  

Demand Charge: 

3,436 Mcf @ $8.952300 per Mcf  
Balance due. 

Average Btu content for the month was 1020.37. 

Billing Demand Mcf established January 16, 1992. 

I c«rtuy that -thta bffl «• comet M4 jaat; that f^MM thorefer ha« 
a«t b*aa rmiwl; that aH atatatary milif tali am to Amadea* 
pr«d«cti«a «ad labor otaaajtitsa, M4 «0 »aHHiM of pwrcbaos 
apetieaM« to tho lr>hf«fH»rtttwitwi cjaBjattod with «od that 
But« or local aaloa >■>■■ atv^at OchUavS^&o aawoaU bitlod. 

sworn to and 
thi» 5th 

Ckrfc 

>taxy 

UfCmwteson Expires Fei.«, JSSg 

46 

$ 85,274.72 

1.J37.05 
87,011.77 

30,760.10 
$117,771.07 

ajtibocr; ±>ed before z 



/ 

s 

• 
CO-IB I 

THE SOUTHEAST ALABAMA GAS DISTRICT 
HJÜT Office nOX Ü3U 

ANDALUSIA, ALAÜAMA 3W2Ö 

Souo To 1 
DEH 
Building 1404 
Utilities Division 

| Fort Rucker, Alabama 36362 

H 

J 

25-1002 

OATejune  4,   1992 

PLEASE MAKE REMITTANCE TO 

Andalusia Office 

SERVICE AOORCS« 
Fort Rucker nARTn_i-7&-0-m 

OATE CXCUANATION Or" CHAWGC 

May 1992 

Meter Station #12405 

See analysis sheet for meter readings and consumption = 28,808 Mcf 

rfceter Stations 012301 and #12302 

AMOUNT 

For daily consumption and meter readings see attached monthly meter 
analysis sheets:  1,571 Mcf. 

Commodity Charge: 

30,379 Mcf e  $2.655040 per Mcf. 

Add Btu adjustment @  2.177Z—. 

Demand Charge: 

3,436 Mcf § $8.952300 per Mcf. 

$  80.657.46 

1.755.91 
82,413.37 

30.760.10 
Balance due. 

Average Btu content for the month was 1021.77. 

Billing Demand Mcf established January 16, 1992. 

t certify that thfe VO it «Direct ead Jaat; that payment therefor ha« 
not bm reeerrad; that all etatatary leqeirfaata a« to Aowricaa 
production and labor standards, aad all coaditiana of aarchae* 
applicabl« to tha transactions have haaa complied with and that 
Bute or local aale* «akas ito aot Uclad«d 4a the amoanU billed. 

$113,173.47 

transactions have teea eompMea i 
« takw a>» aot. iacledad-ip the a 

Sworn to and 
me this 44th day o 

subscribed before 
afj-June 1992 

^frafTflrTV  
Clark 

47 

Notary Publtc 
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s. 

GO-ISI THE SOUTHEAST ALABAMA GAS DISTRICT 
POST OFFICE BOX  1338 

ANDALUSIA, ALABAMA 36420 

JOLD TO r 

i_ 

DEH 
Building 1404 
Utilities Division 
Fort Rucker, Alabama 36362 

~1 

J 

DATE    July  7}   1992 

PLEASE MAKE REMfTTANCE TO 

Andalusia Office 

SERVICE AOORES6 

Fort Rucker DABTO-1-74-0153 
EXPLANATION   OF   CHARGE 

June 1992 

Meter Station #12405 

See analysis sheet for meter readings and consumption =29,638 Mcf. 

Meter Stations #12301 and #12302 

For daily consumption and meter readings see attached monthly meter 
analysis sheets: 0 Mcf. 

Commodity Charge: 

29,638 Mcf @ $2.691850 per Mcf  

Add Btu adjustment @ 2.19%  

Demand Charge: 

3,436 Mcf @ $8.952300 per Mcf. 
Balance due 

Average Btu content for the month was 1021.900. 

Billing Demand Mcf established January 16, 1992. 

I certify that thia MB i« comet aad Jo«t; that payment therefor na» 
not been reeetred; that «It etetetery req«rrementt as to Amen«« 
prodvetfoe ead labor eta-dard.. and all «ondition« of *"*••• 
a^pHcaUe t. the tr.~*ct**. ***$*r?J^g*!'*±J^JS^ 
State er tecal eelee *£ee ÄnetIhdadeTTnShe. aaMOAte.billed. 

Clerk 

Sworn to aUOtesubscrlbed before me 
this  Tph day of July 1992 

Rotary Putrfclc 

49 

$79,781.05 

1,747.20 
8i;528.25 

30,760.10 
$1121288.35 

UvC«mmksion foins Feb. 14.1996 



Tn£ SilUlHEfi'JT Au'ibiifin CHS UlSIklCI 

GfiS COHTRDL DEPT. 

FORT ROER   JUHE 199C 
_____ ___   = _____-__- ========== Z——=———= ::r::;r:r: =========== ========= ======== 

1 DATE 1 TEflP ISP.Gfc. 1 BTU  1 EXT. 1 124C5 1 12301 ! 12301 ■'•■ KCF 1 12302 1 12302 1 ncf n TOTAL 1! 

IpUT ON 1    1     1 1 FACTOR 1 flCF 1 INT.DIE 1 CÜEFF. ' I1HT.DIFI CÜEFF. 1 !l MY 11 

1 ======= ::::-;--~TTrrrtr ================== ====== ========= =========. ======== ========== =========== ========= ====== 11 

101-Jur. 1   0 i 0.570 1 1019 1 1.4062 1 1007 1   0 ! 375.14 0 C 1 620.39 1 C II 1007 li 

102-Jun i   0 1 0.572 ! 1021 1 1.405a 1 1033 1   0 1 375.14 0 1   0 1 620.39 1 C II 1033 II 

103-Jun 0 1 0.570 1 1020 1 1.4Öä2 1 1094 1   0 1 375.14 0 0 1 620.39 1 0 II 1094 II 

104-Jun 1   0 1 0.572 1 1023 I 1.405Ö 1 1052 I   0 t 375.14 0 0 1 620.39 1 on 1052 II 

105-Jun 0 1 0.572 1 1022 1 1.4058 1 66E 1   0 I 375.14 0 0 i 620.39 1 0 11 886 II 

106-Jun 0 1 0.572 1 1023 1 1.4058 1 980 1   0 1 375.14 0 1   0 1 620.39 1 0 11 980 1! 

107-Jun 0 1 0.572 1 1022 1 1.4058 1 933 1   G 1 375.14 0 0 1 620.39 1 0 II 933 II 

IOa-Jur. i  0 1 0.571 1 1021 1 1.4070 1 1034 1   0 1 375.14 0 1   0 1 620.39 1 0 11 1034 II 

!09-Jun 0 1 0.571 1 1021 1 1.4070 1 1065 1   0 1 375.14 0 1   0 1 620.39 1 0 II 1065 II 

110-Jun 1  0 1 0.571 1 1021 1 1.4070 1 1091 1   0 1 375.14 0 1   0 1 620.39 1 0 II 1091 II 

ill-Jun 0 1 0.571 1 1021 1 1.4070 1 1095 i   0 1 375.14 0 1   0 1 620.39 1 0 II 1095 II 

112-Jun 0 1 0.570 1 1020 1 1.4082 1 1049 1   0 1 375.14 0 !   0 1 620.39 1 0 II 1049 II 

113-Jun ü 1 0.571 1 1021 1 1.4070 1 1002 1   0 1 375.14 0 1   0 1 620.39 1 0 11 1002 11 

114-Jun 0 1 0.571 1 1022 1 1.4070 1 926 1   0 1 375.14 0 1   0 1 620.39 1 0 11 926 II 

115-Jun 0 1 0.571 1 1021 1 1.4070 1 970 1   0 1 375.14 0 i   0 1 620.39 1 0 II 970 11 

116-Jun 0 1 0.571 1 1021 1 1.4070 1 987 1   0 1 375.14 0 1   0 1 620.39 1 0 11 987 11 

117-Jun 0 1 0.572 1 1022 1 1.4058 1 999 1   0 I 375.14 0 1   0 1 620.39 1 0 II 999 II 

llfl-Jun 0 1 0.572 1 1023 1 1.4058 1 990 1   0 1 375.14 • ° 1   0 I 620.39 1 0 II 990 II 

119-Jun 0 1 0.572 1 1022 1 1.4058 1 891 1   0 1 375.14 0 !   0 1 620.39 I 0 II 891 II 

120-Jun 0 1 0.572 1 1023 1 1.4058 1 860 1   0 1 375.14 0 i   0 1 620.39 1 0 II 860 II 

121-Jun 0 1 0.572 1 1023 i 1.4058 1 934 0 1 375.14 0 i   0 1 620.39 1 0 II 934 II 

122-Jut) 0 1 0.572 1 1022 i 1.4058 1 1021 1   0 1 375.14 0 1   0 1 620.39 1 0 II 1021 II 

123-Jun 0 1 0.572 ! 1024 1 1.4058 1 1007 1   0 1 375.14 0 1   0 1 620.39 1 0 II 1007 II 

124-Jun 0 1 0.573 1 1024 1 1.4046 t 1000 1   0 1 375.14 0 1   0 1 620.39 ! 0 li 1000 11 

125-Jtm 1 0 1 0.572 1 1023 1 1.4058 1 993 1   0 1 375.14 0 1   0 1 620.39 1 0 II 993 II 

126-Juti 0 1 0.572 1 1023 1 1.4058 1 973 1   0 1 375.14 0 1   0 1 620.39 1 0 II 973 11 

127-Jun 1 0 1 0.572 1 1022 1 1.4058 1 959 0 1 375.14 0 1   0 1 620.39 1 0 II 959 II 

126-Jun 0 i 0.571 1 1022 1 1.4070 1 888 1   0 1 375.14 0 1   0 1 620.39 1 0 II 688 II 

129-Jun ! 0 1 0.572 1 1023 1 1.4058 1 936 0 1 375.14 0 t   0 1 620.39 1 0 11 936 II 

130-Jun 1 0 1 0.572 1 1022 1 1.4058 1 983 1   0 1 375.14 0 1   0 1 620.39 1 0 11 9Ö3 II 
 11 

1  
1»» TOTf 
i 

ILS « 117.146 1 30657 I »««***! 29638 l**ft«*tt*l*»****<** 0 I ****«»*! K«*I«*««f| 0 11 
-~r-=|| 

II 
H 1 

1 II 

1AVERAGE BTU  e    =1021.900 luff Reading — 340591 I1 fOTAL DEL] [VERY THIS CUSTOfO 29638 11 

1 

1PREPAREI ttV ■ 

lOn Reading   310953 1 
1 

=====11 

11 BY: i 1 

1 

1 

ITotal 1240 

1 

5 = 29638 1 

I 

II 

II 
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^fepo. ist THE SOUTHEAST ALABAMA CAS D1STIUCT 
poiT Office aox iaa« 

ANDALUSIA. AI^VÜAMA 3<H20 
25-1002 

LOTO I 
DEH 
Building 1404 
Utilities  Division 

j      Fort Rucker,  Alabama    36362 

n 

j 

DATE   August 6,   1992 

PUEASE MAKE rtEMfTTANCETO 

Andalusia Office 

scNvicc Aooaes» 
Fort Rucker DABTO-1-74-0153 

MT£ CirLANAfiCin Of CMAKCC AMOUNT 

July 1992 

Meter Station 112405 

See analysis sheet for meter readings and consumption = 28,291 Mcf. 

Mteter Stations 012301 and #12302 

For daily consumption and meter readings see attached monthly meter 
analysis -sheets: 0 Mcf. 

Commodity Charge: 

28,291 Mcf e $2.928320 per Mcf  

Add Btu adjustment @ 2.226Z  

Demand Charge: 

3,436 Mcf e $9.011300 per Mcf. 
Balance due. 

Average Btu content for the month was 1022.26. 

Billing Demand Mcf established January 16, 1992. 

. I et** tfe** 4M* WH to -wet—,J-»*:«fc«W A—to«. 

JZTf «r k**l «-to. Ä-. «W «*tN-*Ua*irltoi ««HW<. WH-4. 

Sworn to and 
as this &h day 

$     82.845.10 

1.844.13' 
84,689.23 

30.962.83 
$115,652.06 

eul »scribed 

'A %*?&+' 

Oto* 

51 

before 
o£Auguat 1992 

(tZor^arx.—r—  

Notary Public 

IfrCMctafe. 4JWB ft*. J<.1S96 
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THE SOUTHEAST ALABAHA GAS DISTBia 
GAS COfTRQl DEPT. 

FORT RUCKER      JULY 1992 

TEMP ISP.GR.  I 
I I 

BTU 

I 0.572 I 
I 0.572 I 

I DATE 
I PUT CB 

101-M 
102-Jul 
103-Jul 
104-Jul 
105-Jul 
106-Jul 
107-Jul 
108-Jul 
I09-Jul 
I10-Jul 
Ill-Jul 
112-Jul 
113-Jul 
I14-Jul 
115-Jul 
116-Jul 
117-Jul 
118-Jul 
I19-Jul 
120-Jul 
121-M 
122-Jal 
123-Jul 
124-Jul 
125-Jul 
126-Jul 
127-Jul 
128-Jul 
129- Jul 
130-Jul 
131-Jul 

|..< TOTALS «« 117.731 I     31690 
I ======= ========= 

I   EH.    I 12405 
I FACTOR I   HCF 

I 12301 I   12301 
IIHT.D1FI COEFF. I 

KF   I 12302 I    12302   I 
IIHT.DIFI COEFF.    I 

I 0.570 I 
I 0.572 I 
I 0.571 I 
I 0.571 I 
I 0.572 I 
I 0.572 I 
I 0.575 I 
I 0.571 I 
I 0.572 I 
I 0.572 I 
I 0.572 I 
I 0.572 I 
I 0.572 I 
I 0.574 I 
I 0.572 I 
I 0.571 I 
I 0.571 I 
I 0.572 I 
I 0.571 I 
I 0.572 I 
I 0.573 I 
I 0.572 I 
I 0.572 I 
I 0.572 I 
I 0.572 I 
I 0.572 I 
I 0.572 I 
I 0.572 I 
I 0.573 I 

1023 
1022 
1020 
1022 
1022 
1022 
1022 
1023 
1024 
1022 
1022 
1022 
1022 
1022 
1022 
1023 
1023 
1022 
1022 
1022 
1022 
1022 
1023 
1022 
1022 
1023 
1023 
1022 
1022 
1022 
1023 

I 1.4058 I 
I 1.405B I 
I 1.4082 I 
I 1.4058 I 
I 1.4070 I 
I 1.4070 I 
I 1.4058 I 
I 1.4058 I 
I 1.4021 I 
I 1.4070 I 
I 1.4058 I 
I 1.4058 I 
I 1.4058 I 
I 1.4058 I 
I 1.4058 I 
I 1.4033 I 
I 1.4058 I 
I 1.4070 I 
I 1.4070 I 
I 1.4058 I 
I 1.4070 I 
I 1.4058 I 
I 1.4046 I 
I 1.4058 I 
I 1.4058 I 
I 1.4058 I 
I 1.4058 I 
I 1.4058 I 
i 1.4058 I 
I 1.4058 I 
I 1.4046 I 

930 
757 
893 
774 
857 
860 
887 
903 
911 
859 
801 
881 
958 
975 
962 
993 
954 
840 
879 
979 
950 
965 

1011 
922 
823 
904 

1015 
1024 
967 
973 
884 

375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 ! 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 
375.14 I 

■ I 28291 \"* ■I 0 I« 

620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
62a39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 1 
620.39 i 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 
620.39 I 

■ I 

lATCBAGE BTU    t 14.73 =1022.255 
I 
I PREPARED BT:y 
I 
I 8-4-V7' 

1011 Reading - 
I On Reading — 
I  
IToial 12405 = 
I  

366862 ITDTAL MUfHT THE OKTtMEk' 
340591 I 
 1 

28291 I 
I   

BCF TOTAL I 
DAY I 

930 I 
757 I 
893 I 
774 I 
857 i 
860 i 
887 I 
903 I 
911 II 
859 II 

II 

0 II 
===|j 

801 
881 I 
958 I 
975 I 
962 I 
993 I 
954 I 
840 I 
879 I 
979 I 
950 I 
965 I 

1011 I 
922 I 
823 I 
904 I 

1015 I 
1024 I 
967 I 
973 I 
884 I 

I 
I 

 I 
26291 II 
=======11 

II 
II 
II 
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oo-tsi 
THE SOUTHEAST ALABAMA GAS DISTRICT 

POST or rice BOX ISSO 
ANDALUSIA, ALABAMA 36420 

25-1002 

SOLD To I 
DEH 
Building  1404 
Utilities  Division 

I      Fort Rucker,   Alabama    36362 

1 

J 

DATE  September 8, 1992 

PLEASE MAKE REMITTANCE TO 

Andalusia Office 

•CRVICC ADDKEM 
Fort Rucker DABTO-1-74-0153 

DATE EXrt-ANATtÖN OF CHARGE 

August 1992 

Meter Station #12405 

See analysis sheet for meter readings and consumption «= 2flrl42. Mcf. 

Meter Stations //12301 and »12302 

For daily consumption and meter readings see attached monthly meter 
analysis sheets:  0 Mcf. 

Commodity Charge; 

28,i42 Mcf @  $2.824700 per Mcf  

Add Btu adjustment &  2.400Z  

Demand Charge; 

3,436 Mcf § $9.008300 per Mcf...»  
Balance due. 

Average Btu content for the month was 1024.00. 

Billing Demand Mcf established January 16, 1992. 

Svorn to and iwbacrlbed 
bafore pe thin 8th day of 

Bi 

I «artHy tfc«t «Ma Ml 'fe «md Ml JwC ttet i 
wwlwli tt«* «H «MWyi 

pntatlN «Ml k*w +tmm4at4u, mm* »11 
paMcabte to tk« 
tat« or l*cal —I— 

Septeaber 199 

%     79,492.71 

1-.907.83 
81.400.54 

3~0.952.52 
$112,353.06 
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4.0      ENERGY CONSERVATION OPPORTUNITY:   COOLING STORAGE SYSTEM 
FOR PEAK DEMAND REDUCTION 

4.1      Existing Conditions 

The Lyster Army Community Hospital is presently cooled by chilled water provided by three 
centrifugal chillers located in the main mechanical room in the building. The total plant 
capacity is 820 tons with two 230 ton chillers and one 360 ton chiller. These chillers are 
presently manually staged by operating personnel to meet building loads. 

As part of the Energy Engineering Analysis Program performed in 1989 in the Lyster Army 
Community Hospital, ECO 2 was identified to convert this chilled water plant from constant 
chilled water flow to variable water flow utilizing primary-secondary chilled water loops. 
A copy of this ECO is included in Appendix 4A of this section for review. Personnel at Fort 
Rucker have indicated that this ECO has been selected for implementation and designs have 
been completed with funding yet to be committed to the project. The considerations 
contained in this new study are based on the assumption that a cooling storage system would 
be interfaced with this plant following the implementation of the primary-secondary chilled 
water pumping system. It should also be noted that this modification is necessary in order 
to facilitate the most functional use of the proposed cooling storage system. 

42      Rate And Demand Considerations 

Fort Rucker is provided electrical energy by Alabama Power Company as a municipal 
customer under Rate Schedule MR-1. Service is provided to Fort Rucker at transmission 
voltage of 115 KV. Charges for service are as follows: 

Billing Demand       - $10.09 per KVA 
Energy - $0.0215 per KWH 

The electrical rate applicable to the base is also subject to a 75% ratchet of peak summer 
demands. A peak demand occurring during the months of June through October result in 
a minimum billed demand for the following eleven months of 75% of that peak. For 
example, the electrical billing history of the base included in this section shows the peak 
summer demand at the base occurring in July, 1991 was 28,800 KVA Based on the 75% 
ratchet, a minimum billed demand for the following eleven months would be 21,600 KVA 
This feature of the electrical rate is significant in evaluating the economic impact of cooling 
storage at the hospital. 

The following is a history of demands, energy use and cost for the electrical service to Fort 
Rucker for the twelve month period beginning July, 1991 through June, 1992. A copy of the 
applicable rate schedule and billing history is included in Appendix 4B of this ECO section. 
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TABLE 4.1:   FORT RUCKER ELECTRICAL BILLING HISTORY 

ACTUAL BILLED TOTAL 
DEMAND DEMAND CONSUMPTION COST 

MONTH (KVA) (KVA) (KWH) ($) 

JUL    1991 28,800 28,800 12,936,000 537,460 
AUG 1991 28,656 28,656 14,136,000 559,904 
SEP    1991 28,627 28,627 13,104,000 539,060 
OCT   1991 27,936 27,936 9,816,000 445,832 
NOV 1991 21,225 21,600 8,808,000 367,513 
DEC   1991 16,704 21,600 7,896,000 354,644 
JAN   1992 16,588 21,600 7344,000 344,239 
FEB   1992 16,473 21,600 7,920,000 355,095 
MAR 1992 16,963 21,600 7368,000 373,109 
APR   1992 21,772 21,772 7,776,000 377,678 
MAY 1992 25,776 25,776 9,672,000 456,600 
JUN   1992 26,496 26,496 11392,000 491,756 

TOTALS 118368,000 $5,202,890 

Another significant factor regarding the applicable electric rate at Fort Rucker to the 
utilization of cooling storage for demand control is the fact that there is no time of day rate 
incentive for off peak power use. Demand rates remain constant at all times of the day. 
Alabama Power Company, however, is presently developing a time of day rate to encourage 
off peak power use. They anticipate that this new rate will be available to their large 
commercial and industrial customers within the next year. Present indications are, however, 
that this rate will not be available for municipal customers at this time due to the already 
low energy pricing. The fact that this new rate will be offered by Alabama Power Company 
is cause for energy managers at Fort Rucker to monitor the situation closely to determine 
if it can be advantageous. Such a rate would certainly make off peak cooling storage more 
economically attractive. 
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4.2.1    Hospital Metering 

Lyster Army Community Hospital has owner installed electrical sub-metering equipment to 
interface with the Building Automation System so that demand control strategies may be 
implemented by building operators. As a part of this study, this metering equipment was 
utilized to do a 24 hour demand profile for a period of 10 days in the peak cooling period 
last summer. The purpose of this sub-metering was to assess the diversity of load over a 
peak 24 hour period to determine if there was an opportunity to levelize the load with 
cooling storage and reduce the peak connected load of the hospital. These meters are not 
used for billing purposes by Alabama Power Company. 

Figure 4.1 shown on the following page indicates the load profile of the hospital for a typical 
peak cooling day. The load profiles for the total ten days of metering is included in 
Appendix 4C of this ECO section. 

This data indicates that the 24 hour load profile of the hospital is relatively level with high 
off peak loads. The swing in loads from on peak to off peak ranges from 400 to 500 KVA 
This provides little opportunity within the hospital to incorporate a load shifting strategy for 
demand control. 
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4.2.2   Base Metering 

Similar metering of the main electrical service to Fort Rucker indicated a very different 
situation. The peak electrical load during the past year was set on Thursday, July 9, 1992 
at 28,913 KVA at 1,500 hours. The off peak minimum load during that same day was 16,582 
KVA set at 0400 hours. The swing in the daily load of 12,331 KVA provides a significant 
opportunity for a load shifting strategy for demand control. It should also be noted that the 
peak demand recorded on this date set the ratcheted minimum billed demand for the next 
eleven months at 21,600 KVA Figure 4.2 and Table 4.2 on the following pages depict the 
loads during this peak day in tabular and graphical form. 

Based on this information and the fact that anything done at the hospital to reduce 
connected electrical loads during this peak period will reduce base demand charges provides 
adequate basis to pursue a cooling storage strategy. 
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4.3      Cooling Storage System Type 

The existing chilled water cooling system in Lyster Army Community Hospital makes chilled 
water storage the logical choice for the system to be evaluated. Preliminary economic 
analysis indicates that the savings potential for demand reduction will not justify duplication 
of refrigeration equipment as would be required with ice storage. In addition, space for a 
chilled water storage tank is readily available in reasonable proximity of the mechanical 
room outside the hospital. 

Further, Technical Note No. 5-670-1, entitled "Lessons From Field Demonstrations And 
Testing Of Storage Cooling Systems" dated 16 April 1992 distributed by Department of the 
Army, Facilities Engineering, provides system selection criteria that would support this 
choice. A copy of this technical note is included in Appendix 4D of this ECO section for 
reference. 

4.4      Load And Storage Analysis 

The Trane TRACE program was utilized to establish the hourly cooling demand for a 
design day for each month of the year for the Lyster Army Community Hospital. Input to 
develop this data was extracted from the Trace Analysis included in the original 1989 study 
of this facility, verified, and re-entered into the program to perform this specific analysis. 
Output from this analysis is included in Appendix 4E of this ECO section. 

The hourly cooling demand data identified the peak cooling day for the year in the hospital 
occurring during the month of August. The total cooling required during this 24 hour day 
is 9,046.1 ton-hours. At the present time, the chiller plant is producing most of this capacity 
during peak cooling hours which correspond to the Base peak electrical load period. 
Numerous strategies were evaluated with this data to examine means of shifting a portion 
of this load through chilled water storage to reduce the peak demand at the base electrical 
meter. This analysis showing storage strategies ranging from 6 to 12 off peak storage hours 
is included in this study in Appendix 4F in this ECO section. 

4.4.1   Storage Strategy 

Analysis of 24 hour load profiles on peak days for the base indicates that the peak occurs 
at 1400 hours. Load shedding that could occur during the six hour period from 1100 hours 
to 1700 hours would have approximately 2200 KVA of connected load to work with, far in 
excess of shedding potential from the chiller plant at the hospital. For this reason a storage 
strategy was selected to meet the total cooling requirements of the hospital during this six 
hour period. The peak storage requirement occurring in August is 3078.9 ton-hours and the 
system selected for this ECO is based on this criteria. 
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This selection results in the smallest possible storage tank to achieve the optimum demand 
reduction. The total cost benefit occurs from the reduction of peak demand during the peak 
month and the associated reduction in other months due to the 75% ratchet. The following 
tabulation, Table 4.3, indicates the anticipated reduction in connected loads for each month 
due to the chiller plant not operating during the six hour on-peak period. The KW values 
shown were extracted from TRACE data as the monthly connected loads for each chiller. 
Note the storage system is not utilized during the winter months since monthly base 
demands were already below ratcheted minimums and there was no further benefit to be 
realized. The TRACE data showing chiller KW data is included in Appendix 4G of this 
ECO section. 

TABLE 4.3:   MONTHLY DEMAND SAVINGS FOR COOLING THERMAL STORAGE 

TOTAL 
CHTTJ,FR#1 

(KW) 
CVmJ.F.R #?. CHTT,T,F,R#3 

(KW) 
SAVINGS 

MONTH (KW) (KW) 

JAN 0.0 0.0 0.0 0.0 
FEB 0.0 0.0 0.0 0.0 
MAR 0.0 0.0 0.0 0.0 
APR 176.6 187.9 0.0 364.5 
MAY 177.5 232.0 0.0 409.5 
JUN 190.3 246.9 35.7 472.9 
JUL 194.6 251.7 37.8 484.1 
AUG 193.8 253.0 0.0 446.8 
SEP 179.4 239.8 33.5 452.7 
OCT 168.6 139.5 0.0 308.1 
NOV 155.0 0.0 0.0 155.0 
DEC 0.0 0.0 0.0 0.0 

TOTAL 3,093.6 

There should be a nominal reduction in the energy consumption of the chillers operating 
during cooler night time hours. These reductions are likely to be offset by thermal losses 
in the chilled water storage system. For this reason, only the savings achieved by demand 
reductions are considered in this analysis. It should be anticipated, however, that once this 
system performance in optimized by experience, the total electrical cost reductions will 
exceed the projections in this study. 
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4.5      Cooling Storage System 

The chilled water cooling storage system selected for this ECO is based on the utilization 
of the concept of thermally stratified chilled water. Thermally stratified systems take 
advantage of the tendency of water to separate into horizontal layers by density, a 
temperature-dependent characteristic. Under proper conditions, density differences create 
a temperature gradient region - a thermocline - that forms a barrier between warm and cold 
water. This greatly simplifies the withdrawal and charging processes. In recent years a great 
deal of research and development has been performed on this thermal storage concept and 
a number of systems are operating very successfully. Reliable design information is now 
available from several sources such as the Electric Power Research Institute. 

Two documents that were helpful in developing this conceptual information are "Stratified 
Chilled Water Storage Design Guide" developed for the Electric Power Research Institute, 
and a paper entitled "Chilled Water Storage" authored by E. Ian Mackie, P.E. This paper 
is included in Appendix 4H of this section. The design guide can be made available. 

4.5.1    Sizing 

Based on the established peak storage requirement of 3,078.9 ton-hours and a consideration 
that an estimated 10% of the volume is not usable, the total storage capacity for this system 
should be approximately 3,500 ton-hours. The current chilled water discharge temperature 
from the chiller plant of 42°F will be maintained for storage. It will be assumed for the 
purposes of this study that water is returning from storage at 54°F for a 12°F average 
temperature difference. Therefore, the volume of the storage tank is calculated as follows: 

Load (BTU) 
VOLUME (Gallons) =    

Specific Avg. Temp. 
8.33 lbs/gal     X       Heat        X    Difference 

3,500   X   1,2000 
VOLUME (Gallons) =    

8.33   X   1.0   X   12 

VOLUME (Gallons) =  420,000 Gallons 
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4.5.2    Conceptual Design 

The proposed system will consist of an insulated steel tank 30' in height and 60' in diameter 
located above grade on the west side of the hospital directly opposite the cooling towers and 
in the vicinity of the mechanical equipment room as shown on Figure 4.3. The tank will 
include appropriate inlet diffusers to prevent turbulence and maintain the temperature 
gradient. 

The principal consideration in the selection of a design concept utilizing a steel storage tank 
above ground was economic. This concept allowed the lowest possible first cost for the 
system. The above ground tank permits the chilled water levels in the tank and in the 
building to be hydrostatically equal so an isolating heat exchanger is not required. A tank 
below grade would double the tank cost and require an isolating heat exchanger. Also, a 
concrete tank would double the tank cost with the benefit of reduced maintenance. A steel 
tank will require periodic chaining to coat interior surfaces for corrosion control. 

As previously discussed in this study, the primary-secondary variable pumping chilled water 
ECO defined in the 1989 study should be implemented if this cooling storage ECO is 
considered. This will facilitate the best interface of the cooling storage with the chilled 
water plant. 

Based on this arrangement, the cooling storage charging and discharging cycles will be 
accomplished as follows: 

Charging Cycle - Off Peak (See Figure 4A) 

Chiller plant will be in operation With chillers and pumps staged to meet required building 
load and programmed storage requirements for the following day. Pumps P-4, P-5 and P-6 
will be modified to maintain design flow with the additional head required to charge the 
storage tank and supply the secondary loop. The three-way valve will modulate to control 
necessary flow to the building and storage. 

Discharging Cycle - On Peak (See Figure 4.5) 

Chiller plant will not operate. Total building cooling load will be satisfied from storage. 
Pumps P-l, P-2 and P-3 will be staged to satisfy building cooling requirements. The three- 
way valve will be fully open to the storage. 

The cooling storage system will be interfaced with the existing building automation system 
to control charging and discharging rates based on predicted cooling loads and storage 
monitoring. 
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4.5.3   Cost Of System 

Cost estimates for the addition of the storage tank, insulation and diffuser were developed 
from discussions with vendors and others who had developed similar information. An 
estimated cost of $50.00 per ton-hour was mentioned in the paper "Chilled Water Storage" 
and this is comparable to costs established in the following estimate. Vendor information 
and cost estimates are included as Appendix 41 in this section. Other cost information was 
developed utilizing 1993 Means Cost Data. 

Based on these estimates the total cost to add stratified chilled water storage to the Lyster 
Army Community Hospital following the implementation of the Variable Pumping ECO in 
the 1989 study will be $303,878.00. 

4.5.4   Projected Savings 

Savings resulting from the implementation of Cooling Storage at Lyster Army Community 
Hospital are shown in Table 4.4 following the cost estimate forms. These savings are 
calculated using the base cost of $10.09 per KVA saved. The reduction in KVA recorded 
by the Base meter is shown each month with the impact of the 75% demand ratchet 
included. The total annual savings are projected to be $47,964. 
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4.6      ECIP Documentation And DD Form 1391 

Since this project has an estimated cost exceeding $300,000, it may qualify for the Energy 
Conservation Investment Program (ECIP). The project Life Cycle Cost Analysis indicates 
the following: 

Annual Savings, KVA Demand - 3,093.6 
Annual Cost Savings - $47,964 
Total Investment -    ." $338,824 
Simple Payback - 7.06 Years 
Total Net Discounted Savings - $651,831 
Savings To Investment Ratio (SIR) - 1.92 
Adjusted Internal Rate Of Return (AIRR) - 7.45% 

Based on this analysis, the project meets the other requirements to be recommended as an 
ECIP project since the simple payback is less than eight years and the savings to investment 
ratio is greater than 1.0. 

On this basis, programming documentation consisting of DD Form 1391 and life cycle cost 
analysis summary sheets are included in this section. 
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LIFE CYCLE COST ANALYSIS SUMMARY 
ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) 

LOCATION: Ft. Rucker REGION NO. PROJECT NO. 2392 

PROJECT TITLE:  Limited Energy Studies —  
DISCRETE PORTION NAME: Cooling Thermal Storage . :  
ANALYSIS DATE- 3/11/93 ECONOMIC LIFE  20  PREPARER Jackins 

FISCAL YEAR 1993 

1. INVESTMENT COSTS: 
A. CONSTRUCTION COST       $ 303,878  
B. SIOH S  16,713  
C. DESIGN COST S  18,233  
D. TOTAL COST (1A+1B+1C)   $ 338,824  
E. SALVAGE VALUE OF EXISTING EQUIPMENT 
F. PUBLIC UTILITY COMPANY REBATE 
G. TOTAL INVESTMENT (1D-1E-1F) 

$ 
$ 

S 338,824 

2.  ENERGY SAVINGS f-t-WCOST(-) : 
DATE OF KISTIR 85-3273-X USED FOR DISCOUNT FACTORS Oct 1992 

ENERGY 
SOURCE 

COST     SAVISG    ANNUAL $ 
$/MBTU(l) MBTU/YR(2) SAVINGS(3) 

ELEC 
DIST 
RESID 
NG 

E. PPG 
F. COAL 
-G. SOLAR 
H. GEOTH 
I. BIOMA 
J. REFUS 

WIND 
OTHER 

A. 
B. 
C. 
D. 

K. 
L. 

DISCOUNT DISCOUNTED 
FACTOR(A) SAVINGS(S) 

M. DEMAND SAVINGS 
N. TOTAL 

$  
$____ 
$  
$  
$  
$  
$  
$  
$  
$  
$  
$  
$ 47,964 
S 47,964 

13.59 

$ 
$ 
$_ 
S_ 
$ 
$_ 
$. 
$. 
$ 
$. 
$. 
S 
S 651,831 
S 651,831 

3.  NON ENERGY SAVINGS (+) OR COST (-) 

A. ANNUAL RECURRING (+/-)     $  
(1) DISCOUNT FACTOR (TABLE A) 
(2) DISCOUNTED SAVINGS/COST (3A X 3A1) 
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B.  NON RECURRING SAVINGS (+) OR COST (-) 

ITEM SAVINGS(+) 
COST(-)d) 

YEAR OF 
OCCUR. (2) 

DISCOUNT DISCOUNTED SAV- 
FACTORO) INGS( + )COST(-)(A) 

$ 

$ 
$ 

a.  
b.  
c.  
d. TOTAL         
C. TOTAL NON ENERGY DISCOUNTED SAVINGS (3A2+3Bd4) 

A. SIMPLE PAYBACK lG/(2N3+3A+(3Bdl/ECONOMIC LIFE 
5. TOTAL NET DISCOUNTED SAVINGS (2N5+3C); 
6. SAVINGS TO INVESTMENT RATIO (SIR) 5/1G: 
7. ADJUSTED INTERNAL RATE OF RETURN (AIRR); 

s 

$ 
7.06 
651,1 

YEARS 
331 

1.92 
7.45 Z 
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1. COUfONENI 

ARMY 
FY 19   93    MILITARY CONSTRUCTION PROJECT DATA 

a. DATE 

25 March 93 

1 IKSTALLATION  AND LOCATION 

Lyster Army  Community Hospital 
Fort Rucker,   Alabama 

A. PROJECT TITLE 

ECIP 

5. fBOCRAM ELEMENT 6. CATEGORY CODE 

80000 

7. PROJECT NUMBER 8. PROJECT COST (SOOO) 

339 

9. COST ESTIMATES 

ITEM U/M QUANTITY 
UNIT 
COST 

COST 
(SOOOI 

420,000 Gallon Steel,  Thermal Storage Tank 

Insulation 

Diffuser 

Site Preparation And  Foundations 

Upgrade Chiller Pumping System 

400' - 6" Diameter Steel  Piping With Fittings 

Control Valve For Building Automation System 

30 Control  Points For Building Automation Sys. 

Miscellaneous Mechanical And Electrical 

Supervision,   Inspection  & Overhead  (5.5%) 

Design  (6.0%) 

TOTAL 

EA 

LS 

EA 

LS 

LS 

LF 

EA 

EA 

LS 

160,000 

21,000 

400 

1 

30 

34.02 

4,500 

750 

160 

37 

21 

30 

7 

14 

5 

22 

8 

17 

18 

339 
lO. DESCRIPTION OF PROPOSED CONSTRUCTION 

The primary facility of the cooling storage system will include a steel 
storage tank,   insulation,  diffuser,  site preparation and foundations,  upgrading 
of chiller pumping system,  steel piping with fittings and control valve and 
points to interface with the Building Automation System.     The work is new 
construction at Lyster Army Community Hospital.     The purpose of this 
facility is to reduce peak electrical demand at the hospital  by use of a 
cooling storage system utilizing the existing chillers.     Demolition of existing 
buildings is not required for site clearance.    Accessibility for the handicapped 
is not required for functional  reasons. 

11.     Project: 

Install a cooling storage system for peak demand  reduction.     This project 
will save $47,964 per year in electrical demand charges. 

DO  , o°Ec"*  1391 
PREVIOUS COITIONS MAY BE USEO INTERNALLY 

UNTIL EXHAUSTED . 

FOR OFFICIAL USE ONLY 
(WHEN DATA IS ENTERED) 
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1. COMPONENT 

ARMY FY 19 93  MILITARY CONSTRUCTION PROJECT DATA 
2. OATE 

25 March 93 

3. INSTALLATION AND LOCATION 
Lyster Army Community  Hospital 
Fort  Rucker,   Alabama 

*. PROJECT TITLE 

ECIP 

S. PROJECT NUMBER 

REQUIREMENT: 

This project is required to provide a reduction of overall electrical cost by 
reducing the monthly demand charge for electricity by utilizing a chilled 
water storage system.     The project has a Savings To Investment Ratio  (SIR) 
of 1.92.     The ECIP Life Cycle Cost Analysis summary sheet is attached. 

CURRENT SITUATION: 

Ft.   Rucker is billed for electrical demand charges each month by establishing 
the highest fifteen minute period usage for the entire year.     This on-peak 
demand sets the basis for demand charges for the following eleven months 
subject to a 75% ratchet clause.    A chilled water cooling storage system at 
Lyster Army Community Hospital  would reduce this peak demand at the base 
meter by shifting the electrical demand of the chillers to off-peak periods. 
The chillers would produce chilled water during off-peak periods and this 
water would be stored for use during on-peak periods. 

IMPACT: 

Ft.   Rucker will continue to operate the chillers at Lyster Army Community 
Hospital during the on-peak hours when the basis for electrical demand 
charges are set and  lose a potential annual savings of $47,964 in electrical 
demand costs. 

DO FORM 
1 OEC76 1391c PREVIOUS EOITIONS MAY BE USED INTERNALLY 

UNTIL EXHAUSTEO 

FOR OFFICIAL USE ONLY 
(WHEN DATA IS ENTERED) 
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SECTION 4.0 APPENDIX 

COOLING STORAGE SYSTEM FOR PEAK DEMAND REDUCTION 

LYSTER ARMY COMMUNITY HOSPITAL 
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APPENDIX 4A 

ORIGINAL ECO FROM 1989 STUDY 

VARIABLE PUMPING 
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ECO 2  Variable Pumping 

Lyster Army Hospital 

Existing Conditions; The central chilled water system 
consists of three centrifugal chillers: two 230 ton 
chillers and one 360 ton chiller. Each chiller is served by 
an individual cooling tower. The two 230 ton chillers are 
served by a 50 hp chilled water pump (P-l) and an equal 
stand-by pump (P-2) . At the time of the field survey for 
this study, the piping arrangement was configured so that 
the pump in use must pump through both chillers anytime that 
either chiller is operating. This configuration has since 
been modified. Valves have now been installed to eliminate 
the need to pump water through both chillers. No 
modifications to pumping velocity was addressed when valves 
were installed. Excess velocity could damage tubes. Tube 
wear should be closely monitored. 

The chillers are manually staged by operating personnel to 
meet the building load. Refer to the existing chilled water 
system schematic. Pumps now run at full speed and flow. 
Both three-way and two-way valves are in use at the air 
handling units. The hospital has a year-round, 24 hour per 
day cooling load. 

Recommended Modification: The chilled water system should 
be converted into a primary/secondary loop system with 
variable water flow in the secondary loop. Automatic 
chiller staging would be accomplished via a flow measuring 
device (turbine meter or an oriface) in the bypass leg of 
the primary loop. According to the TRACE load profile, one 
23 0 ton chiller and the 360 ton chiller would meet the 
anticipated load. The other 230 ton chiller would remain as 
a stand-by and would be available on the rare occasions that 
the building load tops 590 tons (Note: This "stand-by" 
chiller would operate in the same fashion as the other 
chillers should its use be necessary) . Three new constant 
flow primary pumps should be installed; a 15 HP pump for the 
360 ton service (P-6) and 2 - 7.5 HP pumps for the 230 ton 
chillers (P-4 & P-5). Each chiller should be controlled by 
leaving supply water temperature, and its associated primary 
loop pump should operate coincident with the chiller. Each 
chiller should be isolated from the others by an automatic 
isolation valve in the primary loop. Existing piping will 
require revision in order to institute a primary/secondary 
loop system. 
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Existing pump P-3, a 40 HP pump which currently serves the 
3 60 ton chiller, should be relocated into a secondary loop 
position- The pump impeller should be trimmed for the 
secondary loop head- Pumps P-l and P-2 should have an 
impeller change-out and should be revised to 1150 rpm 
constant speed operation with new 1150 rpm motors for 
secondary loop service. These pumps are only 5 years old 
and can be effectively modified for secondary loop service. 
A variable freguency drive should be installed to provide 
variable flow from pump P-3. 

The variable freguency drive should be controlled by a 
differential pressure sensor which will sense the pressure 
between the supply and return chilled water lines at the AHU 
furthermost from the chillers (at the end of the "longest 
run")- The pressure sensor should use a 
proportional/integral controller to maintain setpoint- The 
differential pressure sensor will be initially set to 
maintain pressure reguired for design water flow for the air 
handling unit (AHU) at the end of the "longest run". This 
setting is usually between 10 to 30 feet head. This design 
setting is the starting point for balancing the water flow. 
Trial and error adjustments will be necessary to properly 
balance water flow. 

The chilled water flow modulation should be as follows. 
Pump P-3 will modulate chilled water flow in the secondary 
loop up through its full speed operation at an approximate 
load of 360 tons. If additional chilled water is reguired, 
control logic would bring on one of the constant speed 
secondary pumps. Pump P-3 would then modulate its flow in 
combination with the constant flow of P-l (or P-2) to meet 
the load. A primary loop bypass should be maintained. All 
existing three-way valves should be revised to two-way 
operation by blocking the valve bypass port. Some large 3 
way valves can reguire different springs or pilot positions 
to operate as a 2 way valve. The only 3 way valves where 
this might be necessary, AC-2 and AC-3, are to be replaced 
under a different project (new controls for these two AHUs) . 
Refer to the recommended chilled water system schematic- 

Calculations use one of the two 230 ton chillers as the base 
load chiller, supplemented by the 360 ton chiller. This 
operational schematic is necessary for ECO 11 - Automatic 
Tube Cleaners and ECO 12 - Auxiliary Condenser to be cost 
effective. Operation of chillers in the primary loop is 
independent of secondary loop pump operation. The secondary 
loop pumps will vary according to building load, as will the 
chillers. No problems will occur by using a pump with flow 
capacity of 360 tons in conjunction with a 230 ton base load 
chiller.  This configuration also maximizes energy savings. 
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Economic Summary: 

Implementation Cost  $69,300 

Energy Savings 

Electric 1,879.9 MBTU/YR $24,232 

Nat Gas 0 MBTU/YR $     0 

Total 1,879-9 MTBU/YR $24,232 

Simple Payback 2.9 years 

SIR 2.99 
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LIFE CYCLE COST ANALYSIS SUMMARY 
ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) 

LOCATION: FORT RUCKER  REGION NO.:  4   PROJECT NUMBER: S-458 
PROJECT TITLE: VARIABLE PUMPING   FISCAL YEAR: 1990 
DISCRETE PORTION NAME: TITLE   C:\CMW\REC02.LCC 
ANALYSIS DATE: 11-14-88   ECONOMIC LIFE:  15    PREPARED BY: AMA 

1. INVESTMENT 
A. CONSTRUCTION COST 
B. SIOH (1A * 5.5%) 
C. DESIGN   COST(lA   *   6%) 
D. ENERGY   CREDIT  CALC   (1A+1B+1C)    * 
E. SALVAGE  VALUE 
F. TOTAL  INVESTMENT   (ID-IE) 

90: 

$69,058.00 
$3,798.19 
$4,143.48 
$69,299.70 

$0.00 
$69,299.70 

ENERGY SAVINGS (+) / COST (-) 
BASE YEAR ANNUAL SAVINGS, UNIT COST & DISCOUNTED SAVINGS 

FUEL 
A. ELEC 
B. DIST 
C. RESI 
D. NG. 
E. COAL 

F. TOTAL 

UNIT COST SAVINGS 
$/MBTU(l) MBTU/YR(2) 

$12.89   1,879.91 
$0.00 
$0.00 
$4.11 
$0.00 

0.00 
0.00 
0.00 
0.00 

ANNUAL $ 
SAVINGS(3) 
$24,232.04 

$0.00 
$0.00 
$0.00 
$0.00 

DISCOUNT 
FACTOR(4) 

8.54 
11.29 
11.53 
13.09 
10.18 

1,879.91   $24,232.04 

DISCOUNTED 
SAVINGS(5) 
$206,941.60 

$0.00 
$0.00 
$0.00 
$0.00 

$206,941-60 

3. NON ENERGY SAVINGS (+) / COST (-) 
A. ANNUAL RECURRING  (+/~) 

(1). DISCOUNT FACTOR (TABLE A) 9-10 
(2) . DISTILLATE HANDLING COST 

(.0603*2B) 
(3). DISCOUNTED SAVINGS/COST 

((3A*3A2)*3A1) 
B. NON RECURRING SAVINGS/COST 

NONE 
C. TOTAL NON ENERGY DISCOUNTED SAVINGS (+) 

COST (-)    (3A3+3B) 
D. NON ENERGY DISCOUNTED SAVINGS IS =  OR 

$0.00 

$0.00 

$0.00 

$0.00 
25% OF TOTAL 

4. FIRST YEAR DOLLAR SAVINGS 
(2F3+3A+(3B/ECONOMIC LIFE)) 

5. TOTAL NET DISCOUNTED DOLLAR SAVINGS (2F5+3C) 

$24,232.04 

$206,941.60 

6. DISCOUNT SAVINGS RATIO (IF < 1 PROJECT 
DOES NOT QUALIFY) (SIR) = (5/1F) 2.99 
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ENERGY 
MANAGEMENT CONSULTANTS, INC. 

P.O. Box 360687 
BIRMINGHAM. AL 35236 

(205) 985-9090 
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ENERGY 
MANAGEMENT CONSULTANTS, INC. 

P O.  Box 360687 
BIRMINGHAM. AL 35236 

(205) 985-9090 

JOB  

SHEET -SO   — .._ 

CALCULATED BY, 

CHECKEO BY  

SCALE  
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ENERGY 
MANAGEMENT CONSULTANTS, INC. 

P.O. Box 360687 
BIRMINGHAM. AL 35236 

(205) 985-9090 

JOB -■-■.: 

SHEET NO 

CALCULATED BV . 

CHECKEO BY  

SCALE  

/l' 

Of ... 

DATE . 

OATE- 

// .- / 

fufLpOSL-     To    csHCUd't,    rriB.- f.r:JB.e.6/y'  SAWJJ65 pfjDM ; t/lftf f.c ,v f ;.v C-  

..„.V4&..d&£.   &&H.. FV.trL&Z* ?..<\ *. ?fcoP^F./..   c'n:-iLC   *r:/'!.*rJ - 
Loop..'  TffB Trio pafops   S££v/pp 7K(-..Z3.0Cfiut.e.fzb   MILL. PPYP£Q............. 
rv //SO   %PM -f^z   secoAjoaey coop stPv/ce. T/ts Plpc-atp 
MILL  &£   JtU'-IMtD  <?N Trft  3bO jpN   CH/U£o H'iTfX punp, ^jp V?£  

PunpwiLL za useo JN■_./*£. SECPNQA^..^?., '^^'."*</. W$4jkj... 

fjtpps irJJ LL   &e   AQDSD- - -  

Aff>?^:   7*6 £XtSTi«G^pUtfplMj$^J:mjfä.% ._£>: &$?Ä.Q    v?0"    rr<*PlLHc. 

j .-._ _sm6JA/P_   *f- M \C.X/PLJZ.6_.M&LL j :  
j    ^J^LdkhLcMU&Z /MZS/e^.ß^^/A/^ i.ek£My W.ii-L. 26. .._, 

, _^ [eAse&_ JPPA/J      '^J^ZIi^^J^$Hi-^^^ ...f^.':'/^ s-.^.. - L f_ 
\V££IÄ£L£ ptoirJ   \^4<9.^ä£i/....jE^>£Li :J ; i:...^-~ -   ! -4  

Wyis-n^r, punpipp £PMP-/. & J*MU 1/5&£L jfte   'JPPP _£f~xp.. 

Z^PJu£ftA£t£, /^^^.^k^^^^-küal QiLcpLpnp /p. <*A. 

\ptuctP/A/4 _sjtpj_._\ ; l__.: ; i j. i ,._ ; ] -- r.- 

L CALCULPJTI   WPiMy .dq.$.±^£cc.dOp£¥.. <poc tfMpp 

Z,.Csi^^Tp.. M6h/-..M(*ä£l. m^lpJfP. '       - 
3. CALCULPTI   fe/rwAf. _P^BäA..M^?Sl  ...-  
£.   Ö41CUM7Z    MM   SteOfilOAZ^ rpf^P HP  

3.   GttCutrM.  M"    ^^OriCy frpip/fve}Jsp/Pr{   C^^r. 

ap^p    V4/?M^A. J^W§.j^.JD£M ryp/cpL_üptpp/p 
CußMt:    riy-JO    EpICS   Cd&pppp. cujvt   Fop. Cc?upf, 

C-y«u. Ui<:</ f     __... y.': • (, 
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ENERGY 
MANAGEMENT CONSULTANTS, INC. 

P.O. Box 360687 
BIRMINGHAM, AL 35236 

(205) 985-9090 

JOB 

SHEET NO  

CALCULATED BY_ 

CHECKED BY  

SCALE  

■Tve T f~~) /"Cs v 
OATE- 

OATE_ 

^y 

JILCUt$TloN\ 

f^f^ACfJjoqp \tf&/*Ö   1 1  

fapiMA MO. '&£L^A 4<^l5.??i£l. 

 A^uv£:^^3?L P.E m.W! *zt!0 

■ -    ■ -            -  

20.1 

IG 

3o.-7'„. ;:  

SIO 

&g&>fiip/H&f. Coop _tf£AQ_ ,  -   -  

j      \f^m.._Ma£.. 7ZS£. Xg£eogT^ ?y^.:f:l... ">iO    . ^rr^M/^J^  

I.   1/fe^pj 4f JLt>\ 

\j4ssart£ •■ I Sßc: Loop ttzAo = !  )M- 52' SG 

)M^lJ^^M^^B. Uf--  

ßgPiX   ä^HUfKU x 

[     \     \    H-f, 

7 
21/^o-pc 

Assumes puM^- .*M. t ■Hm/i 
0.3$ 

&Prt J PM>    X .< 4 
6W 

;IN 

JQlbXL 
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JOB ^ -  

ENERGY 
MANAGEMENT CONSULTANTS, INC. 

P.O.  Box 360687 CALCULATED ev :   DATE. 

BIRMINGHAM. AL 35236 CHECKED BV        DATE. 
(205) 985-9090 CHECKED BV  

SCALE _  

■AJBW pf?it/7^£-/ f-Jrify HP co*/Y. 

3&D TotJ QjjcLtiZ '.      ; 

OF/';   : 5&G7i>m,    >' 

JQl£T 

\3°r/o   x   0.70 

_ -       3:.lj/P 1 1 1  

ML   I9*<ryLA7&ÄyV{/e Ä %M 

 .„ ...-  . B-lArf. i -  

.25Q. JoM.CrJi-^£fi. - - - 

j    .    '-jgprt - ZPOJOKL :X.i.2± '.MM. * /i^MJC.. 

-     -5-SZ _<SpH  

/ 

3310    X     .   0.7G 

-       t>-4 HP  

Kir!  -       6.4 HP X   0.7CC-    v%/>  X     '/o.l 
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ENERGY 
MANAGEMENT CONSULTANTS, INC. 

P.O. Box 360687 
BIRMINGHAM. AL 35236 

(205) 985-9090 

JOB  

SHEET NO     - 

CALCULATED OV . 

CHECKED BY  

SCALE  

    Of   ._ 

 DATE. 

     OATE- 

u EW PR |M^K\/        I    14 IMPJÜ^.   k-.kJ&K-^y 

a: ZTKJ .A^c-öRDAsiU^e vv/ixiJ, b-£o M- ^ .t^-ö,   /2->-  rnU^. 
/liJi L.u.e.R. A.i>DRt56bD.   B>y.   X"d teisr: Z.50     TOKJ 

-~u w /xK 
/' 

h-A^Olrd i Jt        ^M46. L^/ÄT.&ir>i 6.0C5.UÜ6 EoAü>. 
TkohlLE   ,     Tje: Z5.0.   .mJ VsilUU       O.P&FkAsT.S- 

 k^c^e.'   FOR .UJ.4M- Üo^ns/yR C^3ä^ ^o^..; 

5LL4.PPLE K=J^^ ....^A^s.i El.LxJrlE.R- B.£      por-7;..E  VN/ITI... 

.XJ..JE: QT-tJ.e^si 23..Ä.,ibJvi HAc.^.!,i£ ß^ili 
3 k O   ~üöu . .. M A<c.,A i U.B ; E"o^ - HA>C f M L^M :B..t=/.^Bf i 

.._b_ hyJj^A ei P.x' o^ ....> i B^^Mixi JJ.6I L.U <döul ...^..eS.^.A4l'-\jr_teL 
-X-r>hl- 

.  ^ - 

HA<b. AttsLt  _ jW- I,LJL. ^Bi Ü..^.&£^A. u Q.u^.-4-J^i_i-fcJ   ,    . 
Z5ö Tojj H^vALÜE ]f5c>B. 0_C?lL_Lfcti^SS^J^- 

b  ifej*J^  i ^..U±e,j)j<Wl.ylkLH^A^ 

■■£^M-^ u^,&JA   i^jl/s]B> :  : 

.li£.\^i ."äecoÜD^Rv/   PUMP... liP  

?RDH    TVe -E.^I£,TIIJ6,  PUMP ZlnRvye,  -rJe  MHUIMUM   IW.P&U^ 

^ree   ^     n».    ABA^  FOR. ..8^.4 6,PH    i-b   uz*   AT/W 

£\M -   c5 J P   * 
0.-7 4 6,  V^> 

90 
HP    X     Vo.^5"    =-    50'"7  I^W 



ENERGY 
MANAGEMENT CONSULTANTS, INC. 

MJJ2iü-£LL-    hi:.}. 7^ :j. 
SMEC I MO _- or  _.   

P.O.   Box 360687 CALCULATED av -^—^.  OAIE —~-^- 

BIRMINGHAM. AL 35236 
(205) 985-9090 

CHECKED BY DATE. 

SCALE .  

A/W  sscoN CH?Y puMp   HP  

?30 T»J CHiLLEC        <?PM.7$PA ft£*P -'  #^' 

t^/'i   /vcK'   :;SO en*-   ^J^O /'U7^C   ANO /V-
C
;-/ /S-JJ-/^^/: f>$. 

8(c' ficrtp ,   Trrt. aQ£7£p?Mt':<. /s Ü.3  -  

... _£.J.£.Z,<M -  

73f>£6J7)7>__ufidIiL-- if.. J.s Pä^L:,.LO.M.aer>,7^4X. A 5&.Q... jTk/st.. £.£6:G 

kä/um~t*Mi^jKvf>. A/ <C<?£ &..2,l_:^_:W6c..„^?^r._4?4?:^  
\2(JAJ\ AT ICDMSTTJA/T; PULL spem MQ^J7HhI.R.^ .P.-.3.. 4..,.,,p J ... 
\Wit-L. 1 y/p/iu  Sp'eeo ..7770 . MB£T_ 7dä°Y£..A TlSpTTpM £S>#Ä L  

THE /Uoticeo spefü PAP7 J&*D W^psepBh^P:. .PtßPe^I^AC^. 4^ 
'TdkzäLJE/te'lL 7L TT^PP'dT-    ydßläMA \...PM^ÖU£^_Oi_ _Qfijy£  
\nAxurAcjüp£F-'s    D/iT*, CQOU/U^X.CM.O... J^ofJU, .TTä^SM B^CTl.  

SfcPiCS    ALTtMATKE  7N._±..T?fc IPf^/^AlA^ä^ _._ _ _ I \  

_C.ti.WP   KM. -.... %.MPl X 3P±lAhft 

-TOTAL   Khi -      3(,0fb^-^^?. W-.-t  Z3ov>* Cm.P....Khl... 

f/iof'< Tn~z  poccc*",-£,   pAoe  of   specn-osüeeP.    ?w'>-'.. 

£s£C    *    BXI^.K^H S£C- 
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PACO 
PUMPS 

PERFORMANCE CURVES 
SPLIT CASE CENTRIFUGAL PUMPS 
TYPES KP & KPV 

1750 RPM 

22a 

200 

100 
M   /Hfl 

iTtrt::rii4±)ri::win":^::::^i7J::+M:;T-i'rtnt:ir: 

j-_L_l____l+i •_.!__lift eo* »----♦ 4-.»-Ix--!-.--«-^-, .J^-^.^-: -f—^-L—■     I It-f "    OUTS«-'—"-♦*—•■"■■—r- 

—L n 7<:-:   i: < I     ■   ! 

i^..ii4-4 jj-ij—tux*.,-— 

LT'-lTlzH M00CL    *0,S^ °'    6    «Mrtt_l.Cn N,   to? 

aV^-fat. 
x __^u_______i_4r_-i ^ rH7TTTrr^J-_s%___^___? _.- 

80   :";'   --! til-'II'     i'"'. '-jLLiJ—fi^:-   'i'.^^ '   'ii ■■■:;:■ ■'fr ■■■::■:   ....   .   ■■ 
TTTrfrr^    !,;' ;i'i : ;l'.-' - ::.s i   ; ■: ■'■ i'L^;:,:r^tttfitr^—1~~~~"—^ 
±fa±)j-t;!j!i:i'i-   :::'i::.:   ■ ■■:<  ,  i!   j. j; i i-rf^rl-r^H^-. r><i;p .:   j   ..   !;;•■{;.,,pr: 

^Jliii!!iliiiiii,;i^::1^zi;^M!Ji^^;;^,^ 

=t 

fllj;i!'ii:±s-,.- 
'_.__- ■ i i 

-30 

■!' i • I i 1111 

20 

lTO:iiilill;!llili!lliHi!^wi*^i^!^fe'ä 
-200 

SO 
_(  

•«00 eoo 

S&.4- 6pM 

.1000 1200 l«tCO 

U_l. CAILO«- >ER MINUTE 

ISO 

■ ■!.- 

'    - - ' 8 - ?;■••-'• i - - ■ * . ■ - - ; i . ' i - ' 

200 
I. 

2S0 

z&t 

300 3S0 -400 
_____ 

:MI'i 
MOOEL   S012-5 or -6 IWI>EU_£R N«. 1«3< 
SIZE S_rf"«ir- (hVEtLER EYE AREA 13.10 
rvrE .KT OAfE Z/70 
RPM 1750 CURVE No.   I.O. 137SS-1 

200 1000 1200 1400 

PACO 
PUMPS 

J"E/YJ I\::n;.;   « tijvvnon cf !J.\1_-TIOITI ASI\T>U CO.. tnc 

IO ."XJX :ü-V.-;   ty,^ 92;ul Amnun 

CWXL-v::;:. (f .1:1111 ;M<VVl 92 

i"HOJ f\ini(Yi of CLTUUU 

a CUvvBOti of I'wJUjno.'xj AlnXHi Lr.u_r/_--i_rVr_i C-"<- 

VK3 Sinclair Avo . Goirf.tw-fn. Or.-jvno. CATA-I 



VI PS 
A U'viS'O^ O- ballimo'e ATfCOii Company 
P.O. Box 12924 • 84S 92nd Avenue 
Oakland. California 94604-2924 

Ol   i_i •    w><_>i_  w._i * • i in   w_*/ »i_  i   wivii   v_) 

Type KP and KPV 
PERFORMANCE CURVES — 1150 RPM 

M3/HR 

0 50 100 150 
i 

200 250 300 
i 

I    1 
15.00" 

T   I  " j MODEL «01S-5 or 6         ik'=EllER NO '427 
SIZE     <-xS'x1S-            E^EAREA         22 10    IN? 
TYPE    KP                          CUOVE NO       10 13778-2     - 
RPM      11 SO                      DATE                 9/85 

100 

50% 1 

! r 
13.5 

/ i    1^ •v 70% 
. i    90 3" Hrb f ̂  ^V 
V -4JV 

s 4: ̂  ^ "* ̂ ■H. 
80 r ~/t** =£ & ^ S- m (, 

11.95"H / > >i 

^^ ■~p V 70% 
70 TT r-1 

>> •^ > 
6ff I 

'      60 11.00" -y n N* 

-\ 
s /i 

^ 
^ 

*3 
X. 

■•. 

; 10.20" "/ 
r— 

^ n^ 
■A / ^ V 7> N 

1     50 I f /= ̂  s y s. *7 \ 
: ^ h f-*. n^ \ lj y v 

* -     40 
j i ^    > k \ \ •9 
- j i \ [> f, \ 
•.     30 j j S fs < \ <2> 

1 —t— j \ -V \ i i 

20 T~ i N » «• I 
T- T I   !   ! i << ? 

J-c ) ; 
|(H 

i   1   1 i -%> i l 8 

P —u_ — 

i— O. — 
2 

2 

1 

n ' '' 1 i I i i 
6' 

4 

2: 

_2_ 

~v>~ c 
—z~ 

i i I i ! 
r» I i i t ■ 

i   i_L- -~T~i I i ! 

n i     1 i 1 I 1 i 1 

0 2C K) 400 &. » 8( X) 

u .s 

10 

G 

00 

AL LO NS 

12 

P 

00 

ER M Nl JT 

30 

-25 

co 
cr 

20   UJ 

15 

10 < 
o 

- 5 

5S>Z4PM 

800 1000 1200 

US GALLON'S PER MINUTE 

1PERSE DES 8.-S1 
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VARTA3LE SPF.ED SECONDARY PUMPING ENERGY 

CLG. LOAD HOURS CHWP P-3 CHWP P-l TOTAL SEC. PUMP ENERGY 

jfc 'DNS %  LOAD %  BHP KW % BHP KW KW KWH 

P 5579 26.94% 21.0 6.45 0.0 0.00 6.45 35,968 

130 664 36.11* 22.0 6.75 0.0 0.00 6.75 4,485 

162 153 45.00* 24.0 7.37 0.0 0.00 7.37 1,127 

194 187 53.89* 30.0 9.21 0.0 0.00 9.21 1,722 

227 162 63.06% 38.0 11.67 0.0 0.00 11.67 1,890 

259 152 71.94% 52.0 15.96 0.0 0.00 15.96 2,427 

291 371 80.83% 52.0 15.96 0.0 0.00 15.96 5,923 

324 309 90.00% 73.0 22.41 0.0 0.00 22.41 6,925 

356 385 98,.89%_ 
44.17% 

„9.2.. 0„_ 

24.0 
_28_._24_ 
7.37 

..._..QJ0_ 
100.0 

_0,_Q0  
15.20 

28.24 10.874 

389 191 22.57 4,310 

421 253 53.06% 30.0 9.21 100.0 15.20 24.41 6,176 

453 300 61.94% 30.0 9.21 100.0 15.20 24.41 7,323 

TOTAL 89,149 

A \Avy -Z)C-r=£ ,- AT^.^      A\ \ VA i-< \ AOc-L-h: 

U^    TO      A.v^^t-'.0)C\MA\TfcrLy      3(oO TDiJl 

A    coM^rAMT      SPEED     Ky.<-^ >   '» NLKJ       ! 

■7- ^-h'v^ M LiMt o "!/?r^£Ht/J / 

P-l 'J 

\/ARiM2»L8 
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1 rRANE  AIR  CONDITIONING  ECONOMICS 07/18/88 PAGE        AP  -   4 3 
V   00500        CP  A 

SYSTEM  LOAD  PROFILE ALTERNATIVE  4 
EI-CS  SCHEDULED START STOP 

T OTALS  
PERCENT" HRS 

1 
HEATING 

"OTALS 1 'OTALS__ 
PERCENT PCT COOLING PEROENr HRS CFM HRS 

TONS HR3 f^GH HRS HRS 

5 32.39 38.90 3337 203.38 52.88 4632 " 82S1.76 0.0 0 
10 64.77 15.20 1323 406.76 14.60 1279 16503.52 0.0 0 
15 97.16 9.93 869 610.15 6.74 590 24755.29 0.0 0 
2C 129.55 7.63 664 813.53 14.95 131.0 33007.05 0.0 0 
25 161.94 1.76 153 1016.91 1.09 166 41258.81 13.73 1203 
30 194.32 2.15 187 1220.29 1 .59 139 49510.57 36.27 3177 
35 
40 

226.71 
259.10 

1.85 
. 1.75 

162 
152" 

.7«5>«3.67 
1627.05 

1.64 
1 .64 

144 
144 

57762.33 
66014.06 

0.0 
0.0 

0 
0 

45 291.49 4.25 371 1830.44 1.14 100 74265.81 0.0 _.. . 0 
50 323.87 3.55 309 2033.82 1.13 99 82517.56 0.0 0 
55 356.26 4.42 585 2237.20 0.76 67 90769.37 0.0 0 
60 388.65 2.19 191 2440.58 0.49 43 99021.12 0.0 0 
65 421.04 2.SI 253 2643.96 0.33 29 107272.87 0.0 0 
70 453.42 3.45 3G0 2847.34 0.14 12 115524.62 0.0 0 
75 485.81 0-0 0 3050.73 0.07 6 123776.37 0.0 0 
80 518.20 0-0 0 3254,11 0.0 0 132023.19 0.0 0 
85 550.59 0.0 G 3457.49 O.C 0 140279.94 0.0 0 
SO 582 - 97 O.G <-* 3650.87 0.0 0 148531.59 0.0 0 
95 615.36 0-0 0 3864.25 0.0 0 156783.44 0.0 0 
100 647.75 G.O o 4067.63 0.0 0 165035.19 50.00 4380 
HOURS OFF  ~ Si 0 0 
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SCALE  

or 

DATE . 

OATE- 

C'\LCll(.tqnc! ' 

c. _t*J£(LC;<J     JW>//A/<; 

gxisTjM £»yp £tm:&i (&°tf. JMyZr^TP"7). 

£x-r7 

»Jc'J   -^yP  f,/rAW 

^W  , tFfi .r ^s£C. 
Car.'? . Or'iJ/ 

' CM, 8J4 1 |tk.f li.^, 

Eßeeo^ SAVI^^S 

d£ , .-   =     ^*s' - \£ii£kL. 
~£tfWP Cff^Jf CH cjp 

7. 7P^223- LS^j^UL 

^B>Tu/^i^^   {550,310.    l<vyJ/v 
;4f3 

1000,000 

H.6r.^ . 
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APPENDIX 4B 

ALABAMA POWER COMPANY 

APPLICABLE ELECTRIC RATE - FT. RUCKER 

BILLING HISTORY - JULY 1991 TO JUNE 1992 
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ALABAMA POWER COMPANY 

REVISION NO. 8 - RATE SCHEOUI r MP-I 

/ 

l-     AVAILABILITY 

frt^JiI? ?°r «lectr1f serv*« to military Installations operating elec- 
tric distribution systems for the resale of electric DOWA^ In* LlziV 
v ce and load characteristics demonstrab^ M^V'^VZfc  ! t  ^p!" 
eratlng electric distribution systems for the resale of electric powerT 

2. CHARACTER Of SERVICE 

IÜ!^;;PhaSe' 6?«cJ!c1e,?er second serv1ce at the nominal voltage mutually 
"P^ yh1ch voltaaa Is reasonably required to meet the ImSate 

capacity requirements and necessary to meet the qrowth anticinatS W?*K< 
the foreseeable future at the delivery point spe?1?ied.P        Wlthtn 

3. MONTHLY RATE 

(1) Service at Distribution Voltage 
(Nominal Voltage of 25 kV or less): 

Charge for Billing Demand: 
$11.090 per kVA of billing demand 

Charge for Energy: 
2.15 cents per kWh 

(2) Service at Subtransmission Voltage ' 
(Nominal Voltage of 46 kV): 

Charge for Billing Demand: 
$10.615 per kVA of billing demand 

Charge for Energy: 
2.15 cents per kWh 

(3) Service at Transmission Voltage 
(Nominal Voltage of 115 kV): 

Chary- for Billing Demand: 
UO.OirO per kVA of billing demand 

V   Cha^e for Energy: 
\ 2.15 cents per kWh "^ 

F-r. ■R UCj£(2l£- 

m>vc.<_ciDeS FufEL.   c^t^e- 

«SV£h
p^i^y

h^?.shan app"separate""' *™ »»»« 

Issued by: 
Travis J. Bowden 
Executive Vice President 

Effective: February 1, 1992 

Issued on: December 3, 1991 
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APPENDIX 4C 

ELECTRICAL METERING PROFILES 

KW & KVA DEMAND 

JUNE 22 TO JULY 2,1992 
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APPENDIX 4D 

LESSONS FROM FIELD DEMONSTRATION AND TESTING 

OF STORAGE COOLING SYSTEMS 

DEPARTMENT OF THE ARMY 

FACILITY ENGINEERING 

TECHNICAL NOTE NO. 5-670-1 
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DEPARTMENT OF THE ARMY 
U.S. Army Engineering and Housing Support Center 

Fort Belvoir, VA 22060-5516 

Technical Note 16 April 1992 
No. 5-670-1 

FACILITIES ENGINEERING 
Energy Storage Systems . 

LESSONS FROM FIELD DEMONSTRATION AND TESTING OF 
STORAGE COOLING SYSTEMS 

1. Purpose.  The purpose of this Technical Note (TN) is to 
provide lessons learned from the field demonstration of three 
diurnal ice storage cooling systems at Fort Stewart, GA, Yuma 
Proving Ground, AZ, and Fort Bliss, TX; and a chilled water 
storage cooling system at the New Mexico State University (NMSU), 
Las Cruces, NM. 

2. Applicability.  This Technical Note applies to all Army 
facilities engineering activities. 

3. Reference.  Technical Manual (TM) 5-670, Refrigeration, Air 
Conditioning, Mechanical Ventilation, and Evaporative Cooling, 
February 1962. 

4. Background.  For the majority of Army installations, the 
demand portion of the electrical utility bill is estimated * 
between 30 and 50 percent.  An. Army installation has a number of 
unique characteristics favorable for storage cooling systems 
(SCS).  To verify the applicability of SCS to Army facilities, 
the U.S. Army Engineering and Housing Support Center (EHSC) 
funded the U.S. Army Construction Engineering Research Laboratory 
(USACERL) to demonstrate three generic diurnal ice storage (DIS) 
cooling systems: Fort Stewart, in 1987 (ice-in-tank system, also 
known as the brine system); Yuma Proving Ground (YPG), in 1988 
(ice-on-coil system); and Fort Bliss, in 1990 (ice harvester 
system, also known as ice shucking or dynamic system).  During 
the cooling season of 1990, USACERL and NMSU monitored the 
performance of a 3-million gallon chilled water storage cooling 
system for cooling the NMSU campus. 

5.  Discussion.  Although an ice storage cooling system can be 
designed following the routine guidelines for a conventional 
cooling system, particular attention must be paid to sizing of 
the "shift window," storage capacity, compressor derating, short 
cycling, construction labor costs, and system operation and 
maintenance.  Appendix A contains a discussion of these factors 
for the demonstration sites.  A chilled water storage cooling 
system can be operated under either chiller priority or tank 
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priority.  System operation and maintenance, system performance, 
and economic performance of these two methods of operation are 
also discussed in appendix A. 

6. Conclusions. 

a. The efficacy of storage cooling systems to reduce 
electric demand costs of providing air conditioning to Army 
facilities has been verified in the field. .The most 
cost-effective applications are for new construction and for 
replacement of existing cooling systems.  For these applications, 
storage cooling systems are encouraged. 

b. Ice storage cooling systems save the electric demand 
costs, but increase energy consumption up to 30 percent.  Due to 
the energy penalty and the insensitivity of the economy of scale 
in the system first cost, ice storage cooling systems are 
recommended only for small to medium storage capacity systems (up 
to 2000 ton-hours). 

c. Chilled water storage cooling systems save the electric 
demand costs as well as conserve energy up to 20 percent.  Due to 
the economy of scale in the system first cost, chilled water 
storage cooling systems are not recommended for small storage 
capacity systems (under 1000 ton—hours). 

7. Point of contact.  Questions and/or comments regarding this 
subject, which cannot be resolved at installation or MACOM level, 
should be directed to U.S. Army Engineering and Housing Support 
Center, Directorate of Public Works, CEHSC-FU-M, Fort Belvoir, VA 
22060-5516, at (703) 704-1552, AUTOVON 654-1552 or PAX ID 
CEHSCFÜM.  The USACERL point of contact is CECER-ES (217) 
398-5433. 

FOR THE DIRECTOR: 

FRANK jy SCHMID 
Acting Director 
Directorate of Public 
Works 
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APPENDIX A 

Storage Cooling Systems 

1.  Ice Storage Cooling System. 

a. Demonstration system descriptions.  Summaries of project 
data for Fort Stewart, Yuma Proving Ground, and Fort Bliss, are 
presented in tables A-l, A-2, and A-3, respectively. 

b. Feasibility.  The feasibility of a system can be 
quantified by the payback period.  The payback period depends on 
the savings in demand charges and the system first cost.  The ice 
storage cooling systems reduce the electric demand costs but not 
energy costs and usage. 

(1)  Demand savings.  The demand cost savings depend on 
the electric rate structure of each Army installation.  Rarely do 
two installations have the same rate structures.  (Note that 
there are over 3000 electric utility companies in the United 
States)  For example, to calculate typical annual demand cost 
savings per each kilowatt shifted from onpeak to offpeak periods, 
assume the demand charge is $10/kW with an 80 percent ratchet 
clause.  For the 5 summer months (May through September), the 
demand cost is $50 (1 kW * $10/kW/m * 5 m).  For the 7 nonsummer 
months (October through April), the demand cost is $56 (0.8 * 1 
kW * $10/kW/m * 7 m).  Therefore, the specific annual savings due 
to shifting 1 kW from onpeak to offpeak periods is $106/kW/yr. 
The total savings can be obtained by calculating the product of 
the total power shifted in kW multiplied by the specific annual 
savings in $/kW/yr.  The three demonstration systems shift 122 
kW, 157 kW, and 105 kW from onpeak to offpeak for Fort Stewart, 
YPG, and Fort Bliss, respectively.  Based on the rate schedules 
for these locations, the actual savings are $10,132/yr, 
$22,450/yr, and $21,000/yr for Fort Stewart, YPG, and Fort Bliss, 
respectively.  The cost of the energy penalty has been included 
in the calculation for YPG.  Although the Fort Bliss system 
shifts less power (105kW) than the Fort Stewart system (122kW), 
the actual savings by the Fort Bliss system is more than twice as 
much as the Fort Stewart system because the demand charge for 
Fort Bliss is $19.50/kW whereas the demand charge for Fort 
Stewart is only $7.00/kW.  Other factors affecting the savings 
are the ratchet schedule, the time-of-use rate, and the power 
band blocks. 

(2)  System first cost.  The system first cost consists 
of three roughly equal parts: (1) condensing unit (i.e., 
icemaker) cost, (2) storage tank cost, and (3) installation labor 
cost.  Depending on the type of application (i.e., new 
construction, replacement, or retrofit application), the first 
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APPENDIX A 

Storage Cooling Systems 

1.  Ice Storage Cooling System. 

a. Demonstration system descriptions.  Summaries of project 
data for Fort Stewart, Yuma Proving Ground, and Fort Bliss, are 
presented in tables A-l, A-2, and A-3, respectively. 

b. Feasibility.  The feasibility of a system can be 
quantified by the payback period.  The payback period depends on 
the savings in demand charges and the system first cost.  The ice 
storage cooling systems reduce the electric demand costs but not 
energy costs and usage. 

(1)  Demand savings.  The demand cost savings depend on 
the electric rate structure of each Army installation.  Rarely do 
two installations have the same rate structures.  (Note that 
there are over 3000 electric utility companies in the United 
States)  For example, to calculate typical annual demand cost 
savings per each kilowatt shifted from onpeak to offpeak periods, 
assume the demand charge is $10/kW with an 80 percent ratchet 
clause.  For the 5 summer months (May through September), the 
demand cost is $50 (1 kW * $10/kW/m * 5 m).  For the 7 nonsummer 
months (October through April), the demand cost is $56 (0.8 * 1 
kW * $10/kW/m * 7 m).  Therefore, the specific annual savings due 
to shifting 1 kW from onpeak to offpeak periods is $106/kW/yr. 
The total savings can be obtained by calculating the product of 
the total power shifted in kW multiplied by the specific annual 
savings in $/kW/yr.  The three demonstration systems shift 122 
kW, 157 kW, and 105 kW from onpeak to offpeak for Fort Stewart, 
YPG, and Fort Bliss, respectively.  Based on the rate schedules 
for these locations, the actual savings are $10,132/yr, 
$22,450/yr, and $21,000/yr for Fort Stewart, YPG, and Fort Bliss, 
respectively.  The cost of the energy penalty has been included 
in the calculation for YPG.  Although the Fort Bliss system 
shifts less power (105kW) than the Fort Stewart system (122kW), 
the actual savings by the Fort Bliss system is more than twice as 
much as the Fort Stewart system because the demand charge for 
Fort Bliss is $19.50/kW whereas the demand charge for Fort 
Stewart is only $7.00/kW.  Other factors affecting the savings 
are the ratchet schedule, the time-of-use rate, and the power 
band blocks. 

(2)  System first cost.  The system first cost consists 
of three roughly equal parts: (1) condensing unit (i.e., 
icemaker) cost, (2) storage tank cost, and (3) installation labor 
cost.  Depending on the type of application (i.e., new 
construction, replacement, or retrofit application), the first 
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cost varies significantly.  For new construction or a replacement 
application, only the cost of the storage tank should be used for 
calculating the payback period.  For these applications, the 
costs for the chiller and installation labor are the same for a 
conventional system and a storage cooling system.  For a retrofit 
application, on the other hand, the existing chiller may not 
produce ice.  A new icemaker must be purchased and installed 
along with the storage tank.  Table A-4 lists the actual system 
first costs paid for the three demonstration systems.  Note that 
the installation labor costs for the demonstration system were 41 
percent, 63 percent, and 84 percent of the total construction 
cost for Fort Stewart, YPG, and Fort Bliss, respectively. 
USACERL. hired the Science Applications International Corporation 
(SAIC), an independent private consulting company, to investigate 
the causes of such high installation labor costs.  The major 
causes cited by SAIC are as follows: 

(a) System sizes are small.  Therefore, the relative 
contribution of the labor cost is high. 

(b) Systems are retrofits instead of new 
installations. 

(c) High markups'on Government projects. 

(d) Overbid by contractors inexperienced in storage 
cooling systems. 

It should be remembered that these causes are not unique to the 
demonstration systems.  Retrofit application of storage cooling 
systems is expensive.  If the storage systems are installed for 
new constructions or replacing old cooling systems, the net cost 
of the storage cooling systems will be the cost of the storage 
tank only.  Even for a conventional cooling system, the 
condensing unit must be bought and the installation labor cost 
must be paid.  Recalculating the payback periods of the three 
demonstration systems based only on the cost of the storage 
tanks, would yield 5.2, 2.7, and 1.2 years for Fort Stewart, YPG, 
and Fort Bliss, respectively.  Incentive programs available from 
the electric utility, would reduce the system first cost 
substantially.  For the Yuma Proving Ground (YPG), system, the 
incentive from the Arizona Public Service covered more than 20 
percent of the total system cost. 
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Table A-l.  Fort Stewart System Project Summary 

Project Chronology 

Date Event 

01 Oct 85       Project authorized. 
01 Nov 85       Fort Stewart, GA was selected to be the demo site. 

Initial project conference at Fort Stewart. 
27 Nov 85       ORNL's system design and draft construction 

specifications completed and sent to Fort Stewart. 
06 Feb 86       Project advertised through the Commerce Business 

Daily by Fort Stewart. 
12 Feb 86       ORNL initiated major equipment procurement process. 
07 May 86       Construction specifications completed, and RFP 

issued by Fort Stewart. 
09 Jun 86       Bid opening (3 bids received). 
10 Jul 86       Major equipment delivered to Fort Stewart. 
20 Jul 86       Contract awarded to Erickson's, Inc. 
01 Aug 86       Preconstruction conference and Notice to Proceed 

issued. 
07 Nov 86       Preacceptance test. 
01 Apr 87       Final acceptance of system by Fort Stewart. 

Design and Construction 

Type of design Retrofit, demand-limiting storage 
Facility (PX) floor area  51,000 sq ft 
Chiller shutoff window    1200-1800 hours 
Minimum storage capacity  700 ton—hr 
Storage tank 10 in two rows (Calmac Model 2090) 
Nominal storage capacity  900 ton-hr 
Maximum discharge rate    136 ton 
Charging time 10 hrs 
Coolant 25 percent brine (ethylene glycol) 
Entering brine temperature 25 F 
Icemaker Reciprocating chiller (Trane CGWB- 

D18E), designed for 175 ton unit, 
200 ton unit delivered and installed 

Measured System Energy Performance 

Peak power shifted        122 kW 
Icemaker kW/ton ratio     0.96 kW/ton (direct cooling) 

1.19 kW/ton (storage cooling) 

■ System Economics 

System first cost $153,295 
Annual savings $10,132/yr 
Payback period 15 yrs 
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Table A-2.  YPG System Project Summary 

Project Chronology 

Date Event 

01 Oct 86       Project authorized. 
18 Dec 86 Building #506, YPG selected. 
10 Mar 87 ORNL draft design/bid specifications to YPG. 
21 Apr 87 Specs completed; contracting process began. 
06 Jul 87 Four bids were opened ($222K, $237K, $223K, 

and $269K) 
15 Jul 87       Bids were rejected on the basis of lack of funds. 

Separation of hardware procurement and system 
installation.  Storage tank and heat exchanger 
were to be procured by USACERL. 

05 Nov 87       Revised draft bid package to YPG. 
15 Dec 87       Hardware contract to Roger L. Echelmeir Co. 

($68,034). 
02 Mar 88       Hardware shipped from factory to YPG. 
22 Mar 88       Five bids were opened at YPG ($234K, $179,281, 

$159K, $135,679, and $114,435) 
10 May 88       AT Mechanical, the lowest bidder, was awarded 

installation contract ($114,435); preconstruction 
conference at YPG; and Notice to Proceed issued. 

05 Aug 88       Preliminary system performance testing completed. 
25 Aug 88       Formal acceptance of system by YPG. 

Design and Construction 

Type of design Retrofit, demand-limiting storage 
Facility floor area       86,100 sq ft 
Chiller shutoff window    1200-1600 hours 
Design tank capacity      900 ton-hr 
Storage tank One tank (BAC Model TSU-1050C) 
Nominal tank capacity     1050 ton-hr 
Charging time maximum 20 hrs 
Coolant 30 percent brine (ethylene glycol) 
Entering brine temperature 25 F 
Icemaker Existing reciprocating chiller 

(YORK Model LCHA-85-46C, Nominal 
capacity as water cooler - 85 ton; as 
icemaker - 45 ton) 

Measured System Energy Performance 

Peak power shifted        157 kW 
Icemaker kW/ton ratio      2.72 kW/ton 

(seasonal average) 

System Economics 

Gross system first cost $182,469 
Incentive award from utility $37,500 
Net 3ystem first cost $144,969 
Net annual savings $22,450 
Simple payback period 6.5 yrs 
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Table A-3.  Fort Bliss System Project Summary 

Project chronology 

Date Event 

17 Nov 87       Icemaker (laboratory tested at ORNL) purchased 
01 Oct 88       Fort Bliss project authorized. 
18 Nov 88       ORNL'3 system design and draft construction 

specifications completed and delivered to Fort 
Bli3S. 

25 May 89       Project advertised through the Commerce Business 
Daily by Fort Bliss. 

23 Jun 89       Bid opening; 3 bids received ($129K, $13OK, and 
$167K). 

01 Jul 89       Icemaker delivered to Fort Bliss. 
08 Sep 89       Contract awarded to Graham Construction, Co. 

Notice to Proceed issued. 
31 May 90       Acceptance test. 
01 Aug 90       Final acceptance of system by Fort Bliss. 
19 Nov 90       System performance monitoring completed. 

Design and Construction 

Type of design Retrofit, Demand-limiting storage 
Facility floor area       18,500 sq Ft 
Chiller shutoff window    1200-1600 hours 
Design tank capacity      300 ton-hr. 
Storage tank one steel tank, above ground 
Charging time Maximum 12 hrs 
Icemaker 40-ton water cooling 

26—ton ice making 
(Dynamic Icemaker Unit Model HP 300 
ASC, Royce Compressor Model #CGO40) 

Measured System Energy Performance 

Peak power shifted        105 kW 
Icemaker kW/ton ratio*     1.94 kW/ton 
Chiller kW/ton ratio      1.50 kW/ton (conventional cooling) 

System Economics 

Gross system first cost    $153,999 
Annual savings $21,000 
Expected payback period   7.3 yrs 

T^^«Perf0^nanfe ¥  the icemaker has been tested at the Oak Ridge National 
5" fin «/^ Pri°^ t0 fleld installation.  The ORNL data ranged from 1 25 to 

thf tan^°nstaSd°S5oo!4ting "' ^^ *  *  *«*>»*£ environment'with 
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Table A-4. Demonstration System Actual Costs 

Location Fort Stewart YPG Fort Bliss 

$52, 793 * $24, 990 
15, 935 7, 836 ** 

53, 460 
188 

60, 
68, 

198 
034 

*** 

122, 24, 990 

Costs     83, 900 114, 435 129, 000 

$206, 000 $182, 000 $154, 000 

Government Furnished 
Material Costs 
Chiller/Ice Harvester 
Heat Exchanger 
Storage Tank(s) 

Subtotal 

Contractor Installation Costs 

Total Costs (rounded) 

* Existing reciprocating chiller was converted into an icemaker. 
** The heat exchanger is not needed in this system. *.•,-, w. 
***The bid specifications required the contractor to procure and install the 
tank.  Therefore, the cost of the tank is included in the system installation 

cost. 

(3)  Feasibility study tool.  A draft version of a user- 
friendly PC software program (STOFEAS) has been prepared by 
USACERL.  Required inputs are the installation electric demand 
information and the local rates.  A set of default system first 
costs have been built into the program.  The default costs can be 
modified by the user-if better cost data are available.  STOFEAS 
analyzes the economic feasibility of the storage cooling system 
shifting 1 to 15 percent of the peak power demand of an 
installation from onpeak to offpeak periods. 

c.  System Design and Construction.  A storage cooling system 
can be designed following the routine guidelines for a 
conventional cooling system.  Particular attention is required 
for the following areas. 

(1)  Sizing of the "shift window" and storage capacity. 
Most Army installations are centrally metered by a master meter. 
Selection of the shift window (the length of time during which 
power consumption is shifted from onpeak to offpeak) must be 
determined from the master meter demand profile, not from the 
candidate building cooling demand profile.  The window should be 
large enough to contain the peak in the master meter demand 
profile.  Excessive window size, however, would result in 
increased system first cost and a longer payback period.  The 
capacity of the storage tank can be determined from the selected 
period of shift and the amount of the peak demand to be shifted 
during that time interval. 
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(2) Compressor derating.  In an icemaking operation, the 
compressors rated for water cooling are significantly derated 
(about 30 percent).  The operating conditions under which 
compressors are rated must be carefully reviewed.  Generous 
sizing of the compressors, evaporators, and storage is 
recommended. 

(3) Short cycling.  Short cycling of compressors may be 
a problem (as experienced by the Fort Stewart, system in an early 
phase of operation) after the tank is fully charged with ice. 
This results from the fluid temperatures in the piping system 
causing the compressor to turn off after making ice.  In some 
systems, a full charge of ice results in a significant lowering 
of the return water temperature, which deactivates the 

-compressor.  After a while, the water temperature in the pipe may 
rise due to ambient heat gain and the compressor would be turned 
on.  A control unit based on the ice inventory resolves this . 
problem. 

(•4)  Construction labor cost.  The labor cost for field 
installation of an ice storage system is high.  Savings in 
installation costs by using prepackaged or modular systems could 
be significant.  However, for larger systems (storage capacity 
over 2000 ton-hours), the modular systems may require multiple 
tanks.  Extensive piping could adversely affect the system first 
cost as well as future operation and maintenance. 

d.  System operation and maintenance.  The storage cooling 
system requires no particular operation and maintenance practices 
other than those required by conventional cooling systems.  One 
specific concern in the maintenance of the storage cooling system 
is that it is often installed outdoors because the storage tank 
(especially in a retrofit application) is too large to fit inside 
the mechanical room.  The piping loop containing chilled water or 
condenser water must be protected from freezing either by , 
draining or by.heat tape.  The following maintenance problems 
were experienced during the operation of the three demonstration 
ice storage cooling systems. 

(1)  Fort Stewart system. 

(a)  This system has 10 storage tanks connected by 
a set of main supply and return headers.  Figure 1 is a schematic 
diagram of the system and figure 2 is a photograph of the system. 
The header moved slightly when priming the main circulation pump. 
This motion caused stress on the rigid connecting tubes (PVC 
tubing) between the header and the nipples of the tank. 
Eventually, a number of the PVC connectors developed hairline 
cracks and antifreeze leaked out.  The problem was solved by 
replacing the rigid PVC tubing with flexible rubber tubing. 
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(b)  During the winter of 1989, the condenser loop 
was not drained.  The water in the condenser barrel froze and 
ruptured the condenser coils.  Through the ruptured coils, 
moisture migrated into the cylinders of the icemaker compressor. 
The coils in the condenser barrel and the compressors had to be 
repaired. 

(2)  YPG system. 

(a) During the first few weeks of operation in 
August 1988, an air blower for the ice storage tank failed.  The 
blower agitates the water in the tank to achieve uniform freezing 
and melting of ice on the coil in the tank.  The manufacturer 
replaced it under warranty. 

(b) In June 1989, the high pressure switch of the 
icemaker tripped the compressor a number of times, resulting in 
no ice being made in the tank.  The icemaker has an air-cooled 
condenser, which is partly blocked by a decorating wall. 
Cleaning the air passage to the condenser coil and supplying more 
air with an external fan brought down the condenser operating 
temperature, and resolved the problem.  Note that this was a 
typical condenser cooling problem, not related to the storage 
cooling system.  Figure 3 is a schematic diagram of the system 
and figure 4 shows a photograph of the system. 

(3)  Fort Bliss system. 

(a) During the commissioning period of the system in 
July 1990, the conventional chiller experienced short cycling 
while the ice storage cooled the building.  Correcting the 
interface.of the ice system control with the chiller control 
resolved the problem. 

(b) In June 1991, the icemaker leaked refrigerant 
through a ruptured pressure gauge.  The pressure gauge was 
replaced, and the system was recharged with refrigerant.  This 
could happen to any refrigeration system, and is not particularly 
related to the ice storage cooling operation.  Figure 5 is a 
schematic diagram of the system and figure 6 shows a photograph 
of the system. 

e. System performance.  Each demonstration system has been 
instrumented to collect data on demand shift capability and 
energy performance.  The typical daily performance of each system 
is shown in figures 7, 8, and 9 for Fort Stewart, YPG, and Fort 
Bliss, respectively. 
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Figure 9.  Fort Bliss system performance results 

(1) Demand shift from onpeak to offpeak periods.  All 
three demonstration systems successfully shifted electric demands 
for cooling from onpeak (shift window) to offpeak periods 
(nighttime).  The demand reduction was 120 kW for Fort Stewart, 
157 kW for YPG, and 105 kW for Fort Bliss. 

(2) Energy performance.  The energy performance of the 
demonstration systems was measured in terms of the power 
consumption factor (in kW/ton ratio).  The power consumption 
factors of conventional cooling chillers were also measured to 
compare the energy performance between conventional and ice 
storage cooling systems.  The results are 1.39 kW/ton (ice) and 
1.18 kW/ton (conventional) for the Fort Bliss system, 2.72 kW/ton 
(ice) and 0.82 kW/ton (conventional) for the YPG system, and 1.94 
kW/ton (ice) and 1.50 kW/ton (conventional) for the Fort Bliss 
system.  The data from the YPG system is not significant, because 
the conventional chiller is a new, water-cooled, relatively large 
capacity (220-ton) centrifugal chiller, whereas the icemaker'is 
an old (more than 10 years old), air-cooled, slaall (four 
compressors of 20-ton capacity each) reciprocating chiller.  The 
new icemaker at Fort Stewart is the same cype and same capacity 
as the existing chiller.  The new icemaker at Fort Bliss is the 
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same type with a capacity similar to the existing chiller.  In 
these two systems, the energy penalty was 18 and 29 percent 
compared to the conventional chillers. 

(3)  Economic performance.  Economic performance of the 
demonstration systems is measured in terms of the system payback 
period.  The payback period was calculated based on the system 
first cost and the annual savings in demand charges.  The 
calculated results are 20, 6.5, and 7.3 years for the Fort 
Stewart, YPG, and Fort Bliss systems, respectively.  Note that 
the goal of the Fort Stewart system was the demonstration of the 
technical feasibility, rather than the economic feasibility, of 
the ice storage cooling technology.  Also note that all three 
systems were retrofit applications, which is the least cost- 
effective application.  If these systems were for new systems or 
replacement applications, the payback period would be 5.3, 2.7, 
and 1.2 years for the Fort Stewart, YPG, and Fort Bliss systems, 
respectively. 

2. Chilled water storage cooling system. 

a. Background.  A chilled water storage cooling system is an 
alternative to reduce the electric demand costs in space air- 
conditioning.  During the cooling season of 1990, USACERL and the 
Department of Mechanical Engineering, New Mexico State University 
(NMSU), Las Cruces, NM, monitored the performance of a 3-million 
gallon storage capacity chilled water storage cooling system 
cooling the NMSU campus.  The purpose of the project was to 
measure the energy- performance and obtain field experience from a 
typical operating chilled water storage cooling system. 

b. NMSU system description.  The NMSU campus of 48 buildings 
is cooled by a central cooling plant (with three chillers of 
1000- 1500- and 1500-ton capacity) like an Army installation with 
a central cooling plant.  In 1985, the campus cooling load 
approached the capacity of the cooling plant.  NMSU had two 
options: (1) build an additional cooling plant at a cost of $2.5 
million, or (2) install a chilled water storage system to 
increase the cooling capacity of the existing plant.  The second 
option was selected and a 3-million gallon stratified chilled 
water storage tank was installed in 1986 at a total cost of $3.25 
million.  The nominal storage capacity is 20,000 ton-hours, with 
a peak tank discharge rate of 2300 tons. 

c. System operation and maintenance.  Two strategies are 
available for system operation.  One is the chiller priority and 
the other is the tank priority operation.  The concept and the 
field experience of these strategies from the NMSU system are 
discussed in the following paragraphs. 
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(1) Chiller priority operation.  By 0600 hours, the tank 
is fully charged.  The campus cooling load starts to rise from 
0700 hours.  Two cooling sources are used to meet the load.  One 
is the stored chilled water in the tank and the other is the 
chiller in the plant.  In the chiller priority operation, the 
chiller meets the load first until the campus cooling load 
exceeds the cooling capacity of the chiller in the plant.  The 
extra cooling requirement beyond the capacity of the chiller is 
met by the chilled water stored in the tank.  In this way, the 
operator always keeps a reserve cooling capacity and is prepared 
for any emergencies, such as a failure of a chiller.  If a 
chiller fails, the shortfall can be met by the chilled water 
stored in the tank while the failed chiller is serviced.  The 
tank serves as a standby chiller ready to meet the extra cooling 
load that cannot be satisfied by the chillers.  The disadvantage 
of this chiller priority, however, is that the chilled water 
stored in the tank is not fully used on a daily cycle.  This 
decreases the energy performance of the storage tank and does not 
maximize the electric demand reduction potential. 

(2) Tank priority operation. At the beginning of the 
preselected shift window (during the utility onpeak period), the 
tank, rather than the chiller, meets the cooling load at the 
maximum discharge rate.  If the campus cooling load becomes 
greater than the maximum cooling provided by the storage tank, 
the difference is met by the chiller.  In such a way, use of the 
storage tank is maximized (i.e., better energy performance) and 
the chiller demand during the onpeak period is minimized (i.e., 
the maximum savings in the electric demand cost).  This is the 
most typical operating strategy of a chilled water storage 
cooling system.  One disadvantage from the point of view of the 
system operator is the loss of the reserve capacity. 

d. System performance.  During the 1990 cooling season, the 
NMSU system operated mainly on the chiller priority schedule. 
The NMSU Physical Plant Department was more concerned about 
providing reliable cooling to the campus than maximizing the 
demand cost savings potential of the system.  Only on a few 
occasions (when one of the three chillers in the plant was down) 
did the tank fully discharge. 

(1) Chiller priority operation.  The seasonal average 
power consumption ratio of the NMSU storage cooling system during 
the monitoring period (March to August 1990) was 0.93 kW/ton. 
The overall system power consumption factor, including the 
conventional mode of operation, was 0.88 kW/ton.  For typical 
chilled water storage, the power consumption of the storage mode 
operation is lower than that of convention cooling by about 20 
percent.  The energy conservation of a chilled water storage 
system occurs in two ways: (1) the typical nighttime ambient 
temperature is lower than the day temperature, which increases 
the refrigeration cycle coefficient-of-performance (COP) due to a 
lower condensing temperature, and (2) charging the storage tank 
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is a steady operation, not like cooling the building with a 
fluctuating cooling load.  The COP of a fully loaded chiller in a 
steady-state operation (storage mode) is much higher than the COP 
of a part-loaded chiller in intermittent operation (conventional 
cooling mode).  The reason for the high power consumption factor 
for the NMSU system in the storage cooling mode was the low duty 
cycle of the chillers in the storage mode.  The seasonal average 
duty cycle of the chillers during the storage mode was 46 
percent, and 58 percent while in the conventional cooling mode. 
Note that, under the chiller priority schedule, the chiller 
(rather than the storage) provided cooling in a fully-loaded 
condition during most of the afternoon hours. 

(2) Tank priority operation.  The energy efficiency of 
storage cooling (compared to conventional cooling) was observed 
on a number of occasions when the tank was fully discharged. 
During the charging period (the night immediately following the 
full discharge of tank during the day) the power consumption 
factor of the chiller was 0.78 kW/ton, which is about 11 percent 
lower than that of the seasonal average in the conventional 
cooling mode.  Again, the favorable condensing conditions during 
the night and the steady operation of the chiller would make the 
chilled water storage cooling system conserve energy (up to 20 
percent of the energy required by the conventional chiller 
operation) as well as shift the electric demand for cooling from 
onpeak to offpeak periods. 

(3) Economic performance. 

(a) Chiller priority.  The.maximum cooling- load 
observed during the monitoring period was 4600 tons.  Although 
the nominal rating of the three chillers was 4000 tons, the 
actual maximum output was 3500 tons.  During the peak setting, 
therefore, the chilled water storage met 1100 tons of cooling 
load.  Based on the power consumption factor of 0.88 kW/ton for a 
conventional cooling system, the storage system reduced the NMSU 
electric demand by 968 kW.  Under the current demand charge of 
$19.50/kW with a 75 percent ratchet, reducing the electric demand 
by 968 kW amounts to an actual saving of demand cost of $193,500 
for a year.  The differential construction cost between an 
additional cooling plant and the chilled water storage was $0.75 
million ($2.5 million vs $3.25 million).  Therefore, the payback 
period of the NMSU chilled water storage system is 3.9 years. 

(b) Tank priority.  Note that the design discharge 
rate of the storage tank is 2300 tons.  If the system is operated 
on the tank priority schedule, the demand shifting would be more 
than doubled (2300 tons instead of 1100 tons); this would also 
double the savings in electric demand costs. 

e. Additional comment on the NMSU system.  The primary goal 
of the NMSU chilled water storage cooling system was to increase 
the capacity of the central cooling plant.  Even under the 
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conservative mode of system operation (chiller priority), the 
savings in the electric demand cost was significant enough to 
payback the system differential first cost within 4 years.  Note 
that, however, if the NMSU system was for a retrofit application, 
the entire amount of the system cost ($3.25 million) should be 
used to calculate the payback period.  In that case, even with an 
aggressive tank priority schedule for the maximum savings of the 
demand cost, the payback period would extend to 8 years.  This 
shows a good example of cost effectiveness of an application of 
storage cooling system in a new construction or a replacement 
situation compared to a retrofit application. 

3. System Selection. 

a. Either ice or chilled water is suitable as a storage 
medium for a storage cooling system for Army facilities.  The 
characteristics of each medium are compared in table A-5. 

b. Ice systems are recommended for a small cooling plant 
(storage capacity up to 2000 ton-hours) that is not tied into a 
central cooling plant.  The energy penalty for a small system is 
negligible compared to the benefit of reduced demand cost 
savings.  For a larger system, however, the energy penalty should 
be weighed seriously in the system selection.  Due to the economy 
of scale, a chilled water system is not recommended for smaller 
systems with a storage capacity under 1000 ton-hours unless free 
storage devices are available. 

c. For a larger system (storage capacity over 2000 
ton-hours), a chilled water storage system is recommended. 
Modular ice systems for a large cooling plant require extensive 
piping and flow balancing.  This increases the system first cost 
as well as future system maintenance costs.  Note that the size 
of the cool storage is given in terms of ton-hours.  The cooling 
capacity of the cool storage in terms of tons depends on the 
discharge period (i.e., the shift window).  As an example, a 2000 
ton-hr cool storage system will provide 500 tons of cooling for a 
discharge period of 4 hours (shift window of 4 hours, such as 
from 1200 to 1600 hours) or 250 tons of cooling for a discharge 
period of 8 hours (such as from 0900 to 1700 hours). 
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Table A-5.  Comparison of Ice and Chilled Water as Storage Media 

Characteristic Ice Water 

Volume Compact Large 
System Modular Becoming modular 
Economy of scale Low High 
Compressor derating Severe (30%) None 
Energy penalty High (up to 30%) None 
Blending control Simple Being Established 

d. Ice systems can deliver lower temperature air than 
conventional or chilled water storage systems.  The concept has a 
number of merits including reduced hardware size, pumping, and 
fan power.  The operation and maintenance of such systems, 
however, has yet to be proven through field validations.  The low 
temperature air systems are not recommended for Army applications 
until their performance is fully established.  In retrofit 
applications, however, where cooling loads have outgrown the 
delivery capacity of the existing system, a low temperature air 
system may be used to supplement the capacity without major 
changes in piping and ducting. 

e. Regardless of the type of storage medium, retrofit 
applications are the least cost effective.  The payback of a 
storage cooling system for new construction or replacement is two 
to three times quicker than for a retrofit application. 
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^^PAS: 

UILDING COOL-HEAT DEMAND - ALTERNATIVE 1 

ELINE HODEL 

January 

Hour  OADB 

1 

2 

3 

4 

S 

6 

7 

e 

9 

10 

42.6 

41.4 

40.7 

40.4 

40.8 

41.8 

43.4 

45.4 

47.7 

50.2 

OAHB 

39.9 

38.7 

38.1 

37.8 

38.1 

39.1 

40.7 

42.8 

44.9 

«6.6 

  Design   

Htg Btuh  Clg Ton 

-1,429,445      SO.6 

-1,795,620 

-1,575,065 

-1,882,677 

-1,660,262 

-1,862,672 

-1,324,200 

-1,098,025 

-863,272 

-643,544 

48.5 

47.3 

46.1 

44.7 

44.5 

59.0 

83.2 

87.1 

90.7 

11 52.5 47.9 -511,804 98.6 

12 54.5 49.3 -313,768 108.2 

13 56.1 50.5 -230,781 117.5 

14 57.1 51.1 -138,691 127.7 

15 57.5 50.8 -117,358 135.8 

16 57.2 50.4 -130,609 136.9 

17 

18 

19 

20 

21 

22 

23 

24 

56.5 

55.3 

53.8 

52.0 

50.0 

47.9 

45.9 

44.1 

February 

Hour  OADB 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

45.0 

43.3 

41.8 

40.5 

39.6 

39.0 

38.8 

39.4 

40.9 

43.3 

49.9 

49.7 

49.3 

48.2 

46.6 

44.8 

43.0 

41.2 

OAWB 

41.6 

40.3 

39.1 

38.0 

37.1 

36.8 

36.6 

37.2 

38.1 

39.3 

-300,113 

-371,579 

-716,354 

-975,013 

-1,119,588 

-1,284,863 

-1,358,481 

-1,557,509 

131.4 

122.0 

90.3 

62.1 

58.2 

55.4 

53.5 

50.8 

Design 

Htg Btuh Clg Ton 

-1,640,022 51.9 

-1,762,636 

-1,804,280 

-1,842,258 

-1,898,307 

-1,855,353 

-1,513,445 

-1,110,659 

-927,999 

-713,117 

11 

12 

13 

14 

15 

16 

46.2 

49.3 

52.2 

54.5 

56.1 

56.6 

40.8 

42.7 

44.9 

46.8 

47.8 

48.0 

-559,388 

-340,231 

-266,875 

-167,736 

-138,805 

-1S4.768 

  Weekday   

Htg Btuh Clg Ton 

-1,976,341 47.3 

-2,146,285 46.4 

-2,147,770 45.3 

-2,213,713 44.1 

-2,176,526 42.8 

-2,141,921 43.0 

-1,697,081 55.9 

-1,339,991 77.1 

-1,019,007 79.7 

-1,108,813 82.7 

-660,508 87.0 

-761,749 91.6 

-446,388 97.7 

-530,652 103.7 

-469,520 107.6 

-591,703 109.2 

-500,704 106.8 

-764,735 102.1 

-1,027,900 71.2 

-1,293,410 51.4 

-1,435,830 51.3 

-1,605,938 49.9 

-1,755,193 49.6 

-1,926,527 48.2 

 Satu 

Htg Btuh 

-1,981,861 

-2,133,486 

-2,156,432 

-2,202,781 

-2,184,812 

-2,152,871 

-2,023,023 

-1,858,296 

-1,339,608 

-1,227,317 

-1,085,423 

-871,123 

-752,032 

-785,571 

-817,667 

-845,332 

-902,457 

-1,093,856 

-1,129,154 

-1,348,311 

-1,414,016 

-1,646,187 

-1,720,964 

-1,868,064 

rcay  

Clg Ton 

47.4 

46.5 

45.4 

44.2 

42.9 

•*1-8., 
40.6 

40.7 

56.6 

57.0 

58.2 

60.4 

64.9 

46.4 

49.4 

51.7 

52.1 

50.6 

49.7 

50.1 

50.2 

50.1 

49.8 

49.2 

17 

18 

19 

20 

21 

22 

23 

24 

56.4 

55.9 

54.9 

53.7 

52.2 

50.5 

48.7 

46.8 

47.7 

47.7 

48.6 

48.5 

47.8 

46.7 

44.9 

43.3 

-244,361 

-393,191 

-636,028 

-1,140,169 

-1,069,688 

-1,489,186 

-1,339,654 

-1,734,560 

  Sunday   

Htg Btuh  Clg Ton 

-2,011,151 47.4 

-2,133,419 46.5 

-2,130,530 45.4 

-2,230,458 44.2 

-2,169,349 42.8 

-2,160,926 41.8 

-2,012,229 40.6 

-1,871,155 40.7 

-1,453,681 52.6 

-1,322,712 52.7 

-1,030,194 53.7 

-964,468 55.6 

-764,567 59.6 

-814,895 46.2 

-788,690 49.3 

-878,450 51.7 

-843,875 52.1 

-1,098,878 50.6 

-1,153,087 49.7 

-1,34S,607 50.1 

-1,419,191 50.2 

-1,638,922 50.1 

-1,715,631 49.8 

-1,895,886 49.3 

  Sunday   

Htg Btuh Clg Ton 

-1,775,736 

-2,065,266 

-2,003,840 

-2,270,748 

-2,151,763 

-2,387,178 

-2,235,280 

-2,202,949 

-1,930,553 

-1,686,618 

-1,433,451 

-1,335,490 

-1,091,926 

-964,602 

-868,030 

-807,691 

-949,923 

-1,020,674 

-1,107,888 

-1,194,007 

-1,303,925 

-1,443,457 

-1,553,419 

-1,703,500 

47.0 

46.4 

46.1 

45.2 

44.1 

43.0 

42.4 

43.3 

53.6 

54.5 

55.6 

57.7 

59.2 

45.9 

48.9 

51.2 

52.1 

50.0 

50.1 

48.6 

48.7 

48.8 

48.7 

48.5 

  Honday    

Htg Btuh    Clg Ton 

-1,978,873 47.4 

-2,153,592 46.5 

-2,123,153 45.4 

-2,24S,730 44.2 

-2,157,982 42.8 

-2,141,944 43.0 

-1,702,463 55.9 

-1,338,981 77.1 

-1,010,047 79.6 

-1,108,813 82.7 

-671,611 86.9 

-752,074 91.6 

-446,388 97.7 

-530,652 103.1 

-479,918 107.6 

-580,273 109.2 

-510,195 106.8 

-752,051 102.1 

-1,042,312 71.2 

-1,278,956 51.4 

-1,450,050 51.3 

-1,592,112 49.9 

-1,768,577 49.6 

-1,913,351 48.2 

  Honday   

Htg Btuh Clg Ton 

-1,869,275 46.9 

-1,996,087 46.4 

-2,072,622 46.1 

-2,194,733 45.1 

-2,248,794 44.1 

-2,267,415 44.2 

-2,017,981 55.7 

-1,485,549 74.0 

-1,493,293 76.0 

-1,358,845 78.6 

-1,117,882 81.9 

-991,946 86.8 

-692,062 91.3 

-646,502 96.4 

-482,612 102.4 

-592,642 105.7 

-496,235 105.4 

-787,752 101.4 

-907,370 71.7 

-1,251,774 49.9 

-1,211,415 49.8 

-1,520,285 48.5 

-1,494,278 48.5 

-1,822,838 47.2 
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WAS 
iUILDING COOL-HEAT DEMAND - ALTERNATIVE 1 

ELINE MODEL 

March  DöHign  

Hour OADB OAHB Htg Btuh Clg Ton 

1 55.3 52.2 -760,624 60.0 

2 53.5 50.4 -1,053,787 56.7 

3 52.0 49.2 -903,076 54.3 

4 50.7 48.0 -1,171,311 51.8 

5 49.8 46.9 -980,608 50.1 

6 49.2 46.4 -1,145,699 49.2 

7 49.0 46.4 -682,375 69.8 

8 49.8 46.7 -546,033 104.2 

9 52.0 47.8 -265,094 112.6 

10 55.3 49.6 -136,422 124.0 

11 S9.2 52.1 -43,140 147.0 

12 63.1 54.5 -7,526 171.6 

13 66.4 56.9 -2,585 193.1 

14 68.6 58.5 -3,426 208.7 

15 69.4 58.7 -3,084 218.6 

16 69.2 58.6 -4,391 220.2 

17 

18 

19 

20 

21 

22 

23 

24 

April 

Boor 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

68.6 

67.7 

66.4 

64.9 

63.1 

61.2 

59.2 

57.2 

OADB 

63.1 

£2.0 

61.1 

60.5 

60.4 

60.9 

62.3 

64.6 

67.3 

70.3 

58.8 

58.7 

59.0 

59.3 

58.5 

57.2 

55.4 

53.9 

OAHB 

60.6 

59.6 

58.8 

58.3 

58.4 

58.7 

60.1 

61.8 

63.2 

64.3 

-5,175 

-7,069 

-104,855 

-233,248 

-384,107 

-513,050 

-664,117 

-758,692 

212.7 

193.6 

137.5 

97.8 

86.7 

76.7 

71.6 

64.8 

  Design 

Htg Btuh  Clg Ton 

-168,426     87.2 

-218,879 

-222,128 

-274,325 

-247,713 

-229,818 

-37,803 

-133,007 

-1,152 

0 

81.4 

76.6 

71.6 

71.4 

102.9 

160.6 

186.2 

205.4 

213.1 

17 75.6 65.8 

18 74.4 66.0 

19 73.0 66.1 

20 71.4 66.3 

21 69.7 65.6 

22 67.9 64.6 

23 66.2 63.4 

24 64.6 62.0 

0 

0 

0 

0 

-123,097 

-91,001 

-174,656 

-111,436 

  Weekday   

Htg Btuh Clg Ton 

-1,093,472 52.5 

-1,187,324 49.7 

-1,361,270 49.6 

-1,401,637 49.1 

-1,537,838 48.2 

-1,516,176 48.7 

-1,307,886 64.8 

-813,273 89.7 

-933,968 93.2 

-517,925 98.7 

-455,192 107.7 

-143,608 118.2 

-116,607 137.5 

-28,799 155.4 

-20,458 165.1 

-112,348 166.3 

-113,968 162.2 

-134,503 161.3 

-197,626 114.0 

-359,952 79.4 

-429,944 69.5 

-639,382 64.8 

-754,290 64.1 

-947,640 57.0 

  Weekday   

Htg Btuh Clg Ton 

-476,514 82.3 

11 .73.0 65.3 0 244.5 

12 75.2 66.1 0 266.1 

13 76.7 66.6 0 283.6 

14 77.2 66.9 0 298.9 

15 77.0 66.4 0 307.9 

16 76.5 66.2 0 307.0 

299.6 

245.6 

197.1 

184.1 

156.0 

13S.9 

117.8 

107.8 

-545,654 

-665,815 

-661,433 

-677,789 

-497,916 

-372,924 

-109,986 

-47,846 

-98,731 

-25,675 

0 

0 

0 

0 

0 

-158,996 

-32,510 

-182,770 

-33,714 

-241,834 

-107,872 

-391,665 

-245,347 

75.3 

70.6 

66.8 

67.6 

9S.1 

153.2 

166.0 

179.5 

214.3 

238.7 

255.6 

268.5 

277.3 

278.7 

274.0 

252.9 

207.2 

160.5 

150.4 

128.9 

110.6 

97.6 

86.8 

   Saturday  

Htg Btuh  Clg Ton 

-1,058,574 54.7 

-1,227,480 50.5 

-1,313,882 50.1 

-1,448,976 49.5 

-1,484,383 48.4 

-1,586,139 <7.3. 

-1,535,962 46.8 

-1,371,981 47.8 

-959,735 65.2 

-948,740 66.8 

-481,421 71.4 

-318,776 75.0 

-150,217 88.2 

-55,699 69.2 

-26,509 76.7 

-112,864 78.4 

-142,886 77.7 

-156,071 76.9 

-269,868 72.3 

-304,443 74.0 

-494,986 67.3 

-597,493 65.3 

-772,268 64.7 

-907,201 59.2 

—~ Saturday  

Htg Btuh Clg Ton 

-586,483 81.4 

-464,136 

-728,196 

-606,839 

-771,748 

-585,355 

-497,810 

-219,188 

-124,600 

-100,353 

0 

0 

0 

0 

0 

0 

-126,897 

-77,287 

-141,599 

-80,199 

-192,696 

-157,090 

-334,207 

-292,731 

73.9 

69.7 

67.4 

65.0 

62.1 

70.7 

108.0 

119.0 

149.6 

175.9 

194.6 

165.3 

175.2 

177.6 

176.8 

161.8 

160.3 

149.1 

142.5 

129.7 

112.6 

103.0 

86.9 

  Sunday   

Htg Btuh Clg Ton 

-1,071,687     54.5 

-1,214,438 

-1,326,767 

-1,436,135 

-1,497,123 

-1,573,963 

-1,546,728 

-1,371,981 

-1,132,964 

-787,376 

-670,547 

-266,848 

-187,535 

-47,332 

-26,509 

-122,849 

-132,687 

-167,412 

-256,279 

-318,793 

-480,735 

-611,457 

-758,535 

-920,572 

50.5 

50.1 

49.5 

48.4 

47.3 

46.8 

47.8 

60.7 

61.7 

65.1 

67.6 

77.4 

68.1 

75.9 

78.0 

77.5 

76.6 

72.1 

73.9 

67.3 

65.3 

64.7 

59.2 

  Sunday   

Htg Btuh    Clg Ton 

-538,280 81.4 

-512,403 

-679,417 

-655,271 

-725,917 

-627,783 

-522,116 

-186,645 

-124,793 

-100,809 

-25,675 

0 

0 

0 

0 

0 

-157,072 

-32,510 

-182,770 

-33,714 

-241,834 

-107,184 

-383,135 

-244,752 

73.8 

69.7 

67.4 

65.0 

62.1 

70.7 

98.4 

106.2 

134.0 

159.5 

178.3 

163.4 

174.6 

177.4 

176.7 

161.8 

160.3 

149.1 

142.5 

129.7 

112.6 

103.0 

86.9 

   Monday    

Ht5  Btuh     Clg Ton 

-1,06C,037 54.4 

-1,225,125 

-1,315,553 

-1,450,752 

-1,486,108 

-1,567,704 

-1,260,690 

-827,460 

-952,829 

-517,S25 

-446,453 

-143,608 

-116,607 

-37,166 

-20,458 

-102,362 

-124,166 

-123,162 

-211,215 

-345,602 

-444,185 

-62S,<18 

-768,023 

-934,269 

50.4 

50.0 

49.4 

48.4 

48.7 

64.8 

89.8 

93.3 

98.7 

108.3 

118.5 

137.5 

155.5 

165.1 

166.3 

162.2 

161.3 

114.0 

79.4 

69.5 

64.8 

64.1 

57.0 

Monday — 

Htg Btuh    Clg Ton 

-587,215 81.2 

-465,159 

-729,342 

-608,077 

-727,430 

-443,719 

-348,618 

-171,371 

-72,856 

-88,731 

0 

0 

0 

0 

0 

0 

-126,897 

-77,287 

-141,559 

-80,199 

-1S2,€S6 

-157,778 

-342,737 

-293,326 

73.7 

69.5 

67.3 

67.8 

95.2 

152.7 

165.8 

179.5 

214.3 

238.7 

255.6 

268.5 

277.3 

278.7 

274.0 

252.9 

207.2 

160.5 

150.4 

128.9 

110.6 

97.6 

86.8 
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UILDING COOL-BEAT DEMAND 

ELINE MODEL 

ALTERNATIVE 1 

May   Weekday    Satu rday      Sunday    

Hour OADB OAHB Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton Htg  Btuh Clg Toe 

1 67.4 66.0 -180,838 152.9 -159,586 114.1 -279,642 112.5 -279,512 111.9 -279,931 111.7 

2 66.4 64.6 -155,307 146.0 -372,220 104.1 -237,310 99.3 -237,277 99.6 -237,735 99.4 

3 65.6 63.5 -42,451 125.8 -225,200 97.3 -369,259 94.1 -369,259 94.2 -370,047 94.0 

4 65.0 62.4 -221,696 116.1 -450,305 95.3 -295,726 92.3 -295,726 92.3 -299,659 92.2 

5 64.8 62.3 -43,135 115.5 -258,639 96.6 -421,086 89.7 -421,086 89.7 -408,982 93.3 

6 65.2 62.1 -197,028 167.3 -291,985 136.8 -225,718 90.0 -225,718 90.0 -160,134 136.0 

7 66.2 62.4 0 242.5 -167,555 204.6 -248,098 101.2 -248,098 101.2 -181,930 205.4 

8 68.0 62.5 -118,619 248.5 -19,204 206.1 -63,735 145.4 -70,870 131.6 -27,670 206.3 

9 70.6 63.4 0 268.0 -29,645 228.4 -30,630 164.7 -30,906 148.7 -29,645 228.4 

10 73.7 64.2 0 293.5 -87,747 

0 

254.0 

282.3 

-87,747 

0 

192.0 

221.6 

-87,747 

0 

175.6 

205.0 

-87,747 

0 

253.9 

11 77.1 65.5 -88,672 323.1 282.2 

12 80.3 67.0 0 354.2 0 323.1 0 261.3 0 243.9 0 323.1 

13 82.8 68.7 0 397.7 -85,988 346.9 -85,988 241.2 -8S,988 239.3 -85,988 346.9 

14 84.4 69.4 -93,975 420.5 0 364.9 0 261.1 0 260.6 0 364.8 

IS 85.0 69.4 0 432.1 -88,192 373.5 -88,192 270.9 -88,192 270.8 -88,192 373.4 

16 84.4 69.7 -107,389 428.8 0 

-126,270 

380.0 

364.7 

0 

-126,270 

278.9 

267.9 

0 

-126,270 

278.9 

267.9 

0 

-126,270 

380.0 

17 83.0 70.0 -79,036 416.5 364.6 

18 80.7 70.5 -87,259 351.3 -29,318 300.5 -29,318 253.5 -29,318 253.5 -29,318 300.5 

19 78.1 71.0 -95,676 291.9 -218,002 235.3 -228,670 222.8 -228,670 222.8 -228,670 235.3 

20 75.5 71.9 -101,030 272.0 -106,824 213.1 -106,824 203.8 -106,824 203.8 -106,824 213.1 

21 73.3 71.8 -99,040 247.4 -85,994 192.8 -85,994 190.4 -85,994 190.4 -85,994 192.8 

I 22 71.2 70.4 -192,060 212.5 -166,528 162.0 -166,528 160.3 -166,528 160.3 -166,528 162.0 

f 22 69.6 69.0 -88,543 188.7 -106,117 133.7 -106,117 137.2 -106,117 137.2 -106,117 133.7 

24 

Jane 

68.4 67.5 -198,198 175.2 -217,687 124.8 -218,202          122.9 

——— Saturday  

-218,202           122.9 

  Sunday   

-217,687           124.8 

—————    Mnn^ag    . 

Soar OADB OAHB Htg' Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton 

1 73.1 70.5 -194,572 227.6 -79,047 184.3 -168,426 187.0 -79,047 184.1 -168,426 183.7 

2 72.2 69.6 -128,790 219.3 -123,389 173.7 -32,484 171.7 -123,390 169.6 -32,484 169.3 

3 71.5 68.6 -181,120 207.6 -140,272 163.3 -232,245 162.3 -140,272 159.8 -232,245 158.6 

4 71.0 £8.2 -125,692 199.4 -129,941 148.7 -36,003 147.0 -129,941 144.6 -36,003 145.4 

5 70.8 68.0 -174,428 199.4 -143,940 147.0 -236,345 141.0 -144,014 139.1 -236,270 144.5 

6 71.1 68.1 -117,672 249.2 -108,441 202.1 -31,651 141.4 -108,441 142.1 -31,651 201.5 

7 72.0 68.6 0 321.1 -113,105 294.4 -113,105 170.6 -113,105 170.9 -113,105 294.9 

8 73.7 69.1 -129,113 336.5 0 293.8 0 231.1 0 214.5 0 293.5 

9 76.0 70.7 0 343.7 -79,598 319.9 -79,598 253.2 -79,598 235.5 -79,598 319.5 

10 78.7 72.9 -100,527 383.2 0 

0 

348.0 

371.7 

0 

0 

281.7 

307.5 

0 

0 

263.5 

289.3 

0 

0 

347.6 

11 81.7 74.6 0 414.1 371.3 

12 84.6 75.3 -89,060 444.3 -106,782 401.7 -106,782 338.4 -106,782 320.1 -106,782 401.3 

13 86.7 75.7 0 487.7 0 450.3 0 334.7 0 333.1 0 450.0 

14 88.2 75.7 -85,853 508.8 -92,234 485.2 -92,234 371.5 -92,234 371.2 -92,234 484.9 

15 88.7 76.2 0 537.7 0 505.4 0 392.0 0 391.9 0 505.1 

16 88.2 75.2 -115,375 535.5 -126,095 

-84,623 

481.9 

466.3 

-126,095 

-84,623 

375.7 

363.0 

-126,095 

-84,623 

375.7 

363.1 

-126,095 

-84,623 

481.6 

17 86.9 74.7 -87,287 506.7 466.0 

18 84.9 74.3 -99,266 439.8 -115,558 387.3 -115,558 338.7 -115,558 338.7 -115,558 387.0 

19 82.6 74.4 -109,051 378.3 -91,532 333.0 -91,532 318.9 -91,532 318.9 -91,S32 332.7 

20 80.3 74.8 -116,793 345.7 -119,953 300.0 -188,157 290.4 -119,953 290.3 -188,157 299.7 

1" 78.3 74.4 -115,960 319.7 -188,147 270.2 -92,314 266.5 -188,147 266.5 -92,314 269.9 

■22 76.5 73.5 -137,536 296.4 -117,698 247.3 -199,703 245.5 -117,698 245.5 -199,703 247.0 

23 75.1 72.7 -108,376 273.1 -167,998 226.5 -83,710 230.5 -167,998 230.5 -83,710 226.3 

24 74.0 71.3 -224,530 247.9 -113,142 206.6 -200,033 202.8 -113,142 202.8 -200,033 206.4 
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•AS 

BUILDING COOL-HEAT 

ELINE HODEL 

DEMAND - ALTERNATIVE 1 

July  Deei gn   
Hour OADB OAWB Htg Btuh Clg Ton 

1 74.0 72.9 -106,743 254.9 

2 73.2 71.6 -215,081 238.8 

3 72.6 70.7 -102,407 229.2 

4 72.1 70.0 -216,S81 221.5 

5 72.0 69.6 -96,962 222.0 

6 72.3 69.4 -195,340 269.6 

7 73.1 70.0 -81,014 344.4 

8 74.5 70.0 0 357.7 

9 76.5 70.7 -122,890 378.6 

10 78.8 71.5 0 401.4 

11 81.4 73.0 -95,103 428.0 

12 83.9 74.3 0 473.6 

13 85.8 76.1 -87,552 516.2 

14 87.0 77.3 0 537.3 

15 87.5 77.9 -95,631 560.6 

16 87.0 77.9 0 546.8 

17 85.9 78.1 -144,717 534.4 

18 84.2 77.6 -98,838 467.6 

19 82.2 77.7 -108,306 390.6 

20 80.2 78.0 -117,475 372.5 

21 78.5 77.5 -117,849 335.7 

I" 76.9 76.6 -137,029 311.2 

P23 75.7 75.3 . -169,545 290.3 

24 74.8 74.1 -147,237 264.7 

August: — Des! 

Boor OADB OAWB Htg Btuh Clg Ton 

1 74.4 72.7 -107,361 258.6 

2 73.5 71.6 -212,744 239.9 

3 72.9 70.9 -102,531 231.3 

4 72.4 70.2 -215,396 223.2 

5 72.2 69.6 -96,867 212.7 

6 72.5 69.6 -199,631 267.4 

7 73.4 70.3 -84,366 344.7 

8 74.9 71.2 -77,963 358.1 

9 77.0 72.0 0 379.1 

10 79.5 73.5 -118,598 403.8 

17 

18 

19 

20 

I" '22 

23 

24 

87.2 

85.4 

83.2 

81.0 

79.2 

77.5 

76.2 

75.2 

78.6 

78.1 

78.3 

78.5 

77.6 

76.2 

75.0 

73.9 

-93,778 

-107,462 

-117,960 

-122,330 

-120,058 

-170,967 

-148,799 

-180,333 

556.9 

471.9 

407.2 

375.7 

352.4 

314.1 

291.5 

278.7 

  Weekday   

Htg Btuh Clg Ton 

-156,345 206.7 

-123,985 192.6 

-157,550 183.7 

-46,108 165.8 

-217,377 167.8 

-42,424 223.1 

-117,703 320.3 

0 321.3 

-87,643 339.3 

0 360.8 

0 400.6 

-106,814 442.4 

0 481.7 

-89,307 498.7 

0 519.9 

-121,812 510.8 

-81,245 495.4 

-113,598 411.2 

-90,788 343.0 

-204,453 323.1 

-93,182 293.7 

-203,861 264.6 

-86,553 234.7 

-202,765 225.7 

 Weekday 

Htg Btuh Clg Ton 

-122,810 212.6 

11 82.4 74.9 0 433.7 

12 85.0 76.5 -101,182 479.0 

13 87.1 76.9 0 505.7 

14 88.4 77.5 -92,449 541.9 

15 88.9 78.0 0 553.9 

16 88.4 78.2 -120,657 364.7 

-160,532 

-122,959 

-158,762 

-43,779 

-205,758 

-23,092 

-106,189 

0 

-88,929 

0 

-87,225 

0 

-97,625 

0 

-130,625 

-88,130 

-93,007 

-193,368 

-99,705 

-204,639 

-91,840 

-202,631 

-86.S12 

197.5 

187.4 

176.7 

173.8 

226.6 

321.7 

332.5 

351.0 

368.2 

407.8 

451.2 

478.4 

S02.8 

530.2 

525.7 

523.9 

427.5 

368.2 

336.3 

305.7 

274.8 

242.9 

232.5 

  Saturday  

Htg Btuh Clg Ton 

-82,076 209.7 

-203,113 191.0 

-77,740 181.8 

-126,911 167.0 

-138,588 157.9 

-113,579 161.8 

-117,703 192.1 

0 256.5 

-87,643 270.8 

0 293.6 

0 332.9 

-106,814 374.9 

0 359.7 

-89,307 382.5 

0 402.5 

-121,812 398.8 

-81,245 387.8 

-113,598 362.0 

-90,788 330.1 

-195,275 313.4 

-93,182 290.7 

-203,861 263.0 

-86,553 239.0 

-202,765 221.7 

Saturday  

Htg Btuh Clg Ton 

-204,160 214.8 

-80,919 

-203,169 

-77,616 

-122,389 

-132,821 

-23,092 

-106,189 

0 

-88,929 

0 

-87,225 

0 

-97,625 

0 

-130,625 

-88,130 

-93,007 

-204,066 

-99,705 

-204,639 

-91,840 

-202,631 

-86,512 

195.9 

185.7 

178.9 

164.9 

164.5 

193.7 

265.4 

281.3 

300.8 

340.1 

383.9 

359.1 

387.1 

412.9 

413.9 

412.4 

378.5 

354.6 

326.8 

303.2 

273.3 

247.5 

228.5 

  Sunday   

Htg Btuh Clg Ton 

-82,076 207.4 

-203,113 189.0 

-77,740 179.5 

-126,911 164.6 

-138,588 157.2 

-113,579 162.4 

-117,703 192.3 

0 238.7 

-87,643 252.5 

0 275.0 

0 313.8 

-106,814 355.3 

0 358.4 

-89,307 382.2 

0 402.5 

-121,812 398.8 

-81,245 387.8 

-113,598 362.0 

-90,788 330.1 

-195,275 313.4 

-93,182 290.7 

-203,861 263.0 

-86,553 239.0 

-202,765 221.7 

  Sunday   

Htg Btuh Clg Ton 

-204,160 212.8 

-80,919 194.0 

-203,169 183.3 

-77,616 176.5 

-122,389 164.2 

-132,821 165.2 

-23,092 193.8 

-106,189 247.1 

0 262.7 

-88,929 282.2 

0 321.0 

-87,225 364.3 

0 357.8 

-97,625 386.9 

0 412.8 

-130,625 413.9 

-88,130 412.4 

-93,007 378.5 

-204,066 354.6 

-99,705 326.8 

-204,639 303.2 

-91,840 273.3 

-202,631 247.5 

-86,512 228.5 

  Monday   

Htg Btuh Clg Ton 

-82,076 207.0 

-203,113 188.6 

-77,740 179.1 

-126,911 162.9 

-138,588 165.4 

-113,579 222.6 

-117,703 320.9 

0 321.0 

-87,643 339.0 

0 360.5 

0 400.3 

-106,814 442.1 

. 0 481.5 

-89,307 498.4 

0 519.6 

-121,812 510.6 

-81,245 495.1 

-113,598 411.0 

-90,788 342.8 

-195,275 322.9 

-93,182 293.4 

-203,861 264.3 

-86,553 234.4 

-202,765 225.4 

  Monday   

Htg Btuh Clg Ton 

-204,160 212.4 

-80,919 193.6 

-203,169 183.0 

-77,616 174.6 

-122,389 171.4 

-132,821 226.1 

-23,092 322.2 

-106,189 332.2 
0 350.6 

-88,929 367.8 

0 407.4 

-87,225 450.9 

0 478.1 

-97,625 502.5 

0 529.9 

-130,625 525.4 

-88,130 523.6 

-93,007 427.2 

-204,066 368.0 

-99,705 336.1 

-204,639 305.5 

-91,840 274.6 

-202,631 242.7 

-86,512 232.3 
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September  Desi gn    Heekday       Saturday    Sunday      Monday     

Hour OADB OAHB Htg  Btuh Clc Ton Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton 

1 71.2 70.1 -212,764 204.1 0 143.7 -126,242 143.3 -96,140 143.9 -126,242 143.6 

2 70.3 68.7 -93,908 185.5 -277,854 131.4 -148,150 129.0 -179,663 129.2 -148,150 128.7 

3 69.6 67.5 -207,366 176.5 -14,375 124.1 -147,660 122.1 -114,745 122.2 -147,660 121.8 

4 69.1 66.7 -89,264 168.2 -310,679 121.5 -172,512 118.9 -206,500 118.9 -173,135 118.7 

5 68.9 66.0 -200,507 166.9 -31,850 118.0 -174,286 110.7 -140,842 110.7 -166,157 115.5 

6 69.2 65.4 -85,042 212.6 -278,963 164.5 -164,056 110.6 -196,141 110.6 -153,111 164.8 

7 70.1 65.6 0 282.7 -6,579 247.9 -102,954 127.7 -77,433 127.7 -99,479 248.5 

8 71.7 65.4 -164,958 296.9 -98,898 266.9 -98,898 199.5 -98,898 182.5 -98,898 266.9 

9 74.0 65.5 0 318.2 -33,216 278.0 0 211.8 -24,504 194.7 0 278.0 

10 76.7 66.1 -109,067 342.4 -85,159 

0 

299.7 

339.1 

-85,159 

0 

234.9 

273.4 

-85,159 

0 

217.5 

255.3 

-85,159 

0 

299.7 

11 79.7 67.7 0 372.4 339.1 

12 82.5 69.9 -93,340 401.6 -90,721 362.0 -90,721 298.0 -90,721 280.0 -90,721 362.0 

13 84.6 71.5 0 443.5 0 394.3 0 280.9 0 279.2 -■   0 394.3 

14 86.1 72.9 -99,472 464.7 -104,762 424.2 -104,762 311.2 -104,762 310.8 -104,762 424.2 

15 86.6 73.3 0 474.6 0 429.7 0 318.9 0 318.8 0 429.7 

16 86.1 73.0 -138,803 470.8 -136,315 

-166,007 

421.1 

402.8 

-136,315 

-160,862 

315.8 

301.6 

-136,315 

-160,862 

315.8 

301.6 

-136,315 

-160,862 

421.1 

17 84.8 73.3 -98,741 457.2 402.8 

18 82.9 74.8 -110,263 399.7 -93,766 345.3 -123,706 295.4 -93,766 295.4 -123,706 345.3 

19 80.6 76.2 -118,124 341.9 -209,538 290.8 -175,813 279.9 -209,538 279.9 -175,813 290.8 

20 78.3 76.1 -199,116 312.7 -92,127 260.6 -118,239 252.0 -92,127 252.0 -118,239 260.6 

21 76.3 75.4 -110,956 288.8 -202,364 230.3 -175,888 229.6 -202,364 229.6 -175,888 230.3 

I" 74.6 74.3 -189,096 253.4 -81,259 204.0 -108,179 202.9 -81,259 202.9 -108,179 204.0 

■23 73.1 73.1 -101,495 232.8 -120,216 180.8 -92,220 186.8 -120,216 186.8 -92,220 180.8 

24 72.1 71.6 -217,107 209.6 -138,555 162.8 -167,669 161.2 -138,555 161.2 -167,669 162.8 

October   Weekday —  ——— Saturday—   Sunday ——-  Mond ay   
** ———3— 

Boar OADB OAWB Htg Btuh dg Tan Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton 

1 58.4 55.8 -533,725 68.8 -725,340 58.3 -889,827 62.6 -731,072 62.6 -891,073 62.5 

2 56.7 53.9 -727,549 60.0 -1,093,392 54.3 -927,413 55.8 -1,083,551 55.8 -928,832 S5.7 

3 55.3 52.7 -713,217 55.8 -964,644 52.2 -1,131,420 53.0 -977,890 53.0 -1,132,988 52.9 

4 54.1 51.8 -849,679 52.8 -1,287,338 49.6 -1,116,557 50.0 -1,268,842 50.0 -1,118,109 49.9 

5 53.2 51.0 -745,691 52.6 -1,099,549 49.7 -1,298,308 48.1 -1,152,156 48.1- '-1,263,580 49.8 

6 52.6 50.4 -671,341 73.8 -1,146,838 68.0 -1,232,914 47.S -1,369,517 47.5 -994,260 68.1 

7 52.4 50.4 -411,378 109.1 -748,266 94.9 -1,287,104 48.3 -1,195,049 48.3 -840,321 95.0 

8 S3.5 51.1 -317,289 117.3 -678,633 98.7 -834,033 67.6 -932,360 62.6 -705,645 98.7 

9 56.5 52.9 -115,391 130.4 -621,616 107.3 -801,867 71.8 -878,015 65.4 -519,811 107.3 

10 60.8 54.3 -36,467 147.4 -394,658 

-91,898 

118.1 

134.1 

-544,940 

-181,423 

75.2 

82.9 

-536,590 

-178,995 

67.5 

73.2 

-449,902 

-101,887 

118.0 

11 65.7 57.3 -2,036 171.8 133.8 

12 70.0 60.0 0 202.1 -15,353 168.9 -17,528 111.8 -18,138 97.3 -15,353 168.9 

13 73.0 62.0 0 222.8 0 192.8 0 99.1 0 97.2 0 192.8 

14 74.1 62.2 0 238.1 -9,546 203.2 0 109.8 -9,546 108.9 0 203.2 

15 73.9 62.2 0 246.6 -87,696 206.0 0 113.3 -87,696 112.8 0 206.0 

16 73.3 61.8 0 243.5 -68,261 

-123,855 

201.6 

192.8 

-206,072 

0 

112.1 

105.8 

-68,261 

-123,855 

111.8 

105.7 

-206,072 

0 

201.6 

17 72.4 61.7 0 232.5 192.8 

18 71.2 62.8 -157,004 183.7 -84,669 146.6 -232,030 100.8 -84,669 100.7 -232,030 146.6 

19 69.8 64.0 0 137.2 -186,414 107.7 -20,712 99.6 -186,414 99.6 -20,712 107.7 

20 68.1 63.7 -234,934 113.3 -156,982 104.1 -323,909 101.3 -153,211 101.3 -327,680 104.1 

I" 66.2 62.5 -98,354 94.3 -337,801 87.3 -170,225 88.6 -339,424 88.6 -168,602 87.3 

F22 64.2 60.9 -407,921 78.5 -334,056 82.2 -497,318 83.3 -331,103 83.3 -500,270 82.2 

23 62.3 59.2 -267,449 6S.3 -594,104 71.4 -413,746 75-1 -S76.129 75.1 -431,721 71.4 

24 60.3 57.4 -632,436 61.3 -654,512 64.9 -813,820 65.0 -653,310 65.0 -815,022 64.9 
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BUILDING COOL-HEAT DEMAND 

JBASELINE MODEL 

ALTERNATIVE 1 

November  Desi gn    Weekday    Satu rday   Sunc ay  

Hour OADB OAWB Htg Btuh Clg Ton    Htg Btuh Clg Ton Htg Btuh Clg Ten Htg Btuh Clg Ton Htg Btuh Clg Ton 

1 56.4 54.8 -665,778 55.8   -1,145,732 53.2 -885,015 57.6 -914,067 57.7 -886,415 57.6 

2 54.7 53.1 -975,526 53.1     -998,770 50.2 -1,254,004 51.S -1,224,656 51.9 -1,255,601 51.8 

3 53.3 51.8 -809,399 51.1   -1,382,354 48.5 -1,119,905 49.4 -1,149,485 49.4 -1,121,500 49.3 

4 52.1 50.4 -1,082,277 48.3   -1,203,266 47.3 -1,465,509 47.7 -1,435,623 47.7 -1,467,236 47.6 

5 51.2 49.7 -884,326 47.2   -1,556,191 47.1 -1,301,356 47.3 -1,331,595 47.3 -1,303,071 47.2 

6 50.6 49.1 -1,045,431 46.9   -1,302,959 47.6 -1,566,760 46.1 -1,537,813 46.1 -1,535,198 47.7 

7 50.5 49.0 -608,384 67.0   -1,357,620 64.4 -1,367,545 45.2 -1,394,972 45.2 -1,141,566 64.5 

8 51.2 49.7 -568,120 104.9    -750,442 91.0 -1,423,079 46.0 -1,423,079 46.0 -876,922 91.0 

9 53.3 50.9 -240,459 114.0    -775,424 95.5 -863,389 64.7 -962,708 59.8 -802,670 95.6 

10 56.4 52.3 -108,726 125.7 -559,992 101.6 

113.0 

-822,871 

-453,813 

67.7 

72.3 

-738,063 

-587,357 

61.7 

65.0 

-486,390 

-386,952 

101.6 

11 60.0 54.1 -34,182 145.8 -455,328 111.9 

12 63.7 56.5 -1,920 173.7 -153,199 124.5 -411,545 76.8 -398,601 68.4 -263,446 124.5 

13 66.8 58.1 0 194.3 -55,882 140.0 -89,183 88.4 -121,060 77.2 -55,882 140.0 

14 68.9 59.6 0 208.5 -26,130 164.5 -50,765 72.1 -50,765 70.4 -36,072 164.5 

15 69.6 60.0 0 216.0 -106,969 175.1 -24,177 80.3 -24,177 79.3 -18,792 175.1 

16 69.4 60.2 -8,482 214.2 -87,318 174.3 

167.1 

-161,201 

-81,735 

80.3 

76.8 

-161,201 

-53,031 

79.8 

76.6 

-155,149 

-66,884 

174.3 

17 68.9 60.4 -157,598 201.6 -35,488 167.1 

18 68.0 62.1 -11,685 192.8     -285,936 176.7 -256,312 83.0 -291,803 82.8 -224,738 176.7 

19 66.8 62.5 -230,397 136.8    -120,722 126.5 -191,851 82.7 -161,165 82.6 -151,407 126.5 

20 65.4 62.0 -126,171 87.5    -445,521 80.5 -405,415 78.5 -435,656 78.4 -415,280 80.5 

21 63.7 60.8 -438,013 75.3     -294,210 79.1 -352,232 77.2 -322,242 77.2 -324,200 79.1 

1 22 61.9 59.5 -384,054 64.9    -697,454 69.4 -651,264 70.4 -680,946 70.4 -667,772 69.4 

' 23 60.0 58.0 -686,293 60.4    -596,733 68.0 -623,868 68.9 -594,798 68.9 -625,803 68.0 

24 58. 2 56.3 -578,267 SS.9     -989,561 59.7 -935,231 62.4 -964,066 62.4 -960,726 59.7 

December  Design    Weekday   Saturday    Sunday   

Hour OADB OAWB Htg Btuh Clg Ton    Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton 

1 47.7 45.9 -1,176,115 50.3   -1,541,616 48.0 -1,735,267 48.3 -1,657,040 48.2 -1,777,015 48.1 

2 46.2 44.5 -1,461,035 48.3   -1,881,858 47.5 -1,688,344 47.6 -1,777,405 47.6 -1,675,556 47.5 

3 45.0 43.4 -1,335,883 47.1  -1,773,532 46.8 -1,960,151 46.8 -1,853,248 46.8 -1,934,636 46.8 

4 44.3 42.7 -1,562,907 46.0  -1,984,917 46.4 -1,793,595 46.4 -1,906,649 46.4 -1,835,497 46.3 

5 44.1 42.8 -1,414,694 45.2   -1,868,306 45.2 -2,058,330 45.2 -1,956,821 45.2 -2,049,727 45.2 

6 44.6 43.1 -1,543,574 45.0   -1,997,324 44.9 -1,830,976 43.6 -1,911,327 43.6 -1,781,034 44.9 

7 45.9 44.4 -1,098,410 61.1  -1,450,514 58.6 -1,920,915 42.2 -1,848,796 42.2 -1,669,297 58.6 

8 48.0 46.5 -821,849 87.8   -1,183,199 81.3 -1,572,664 42.0 -1,646,462 42.0 -1,004,913 81.4 

9 50.6 48.8 -651,368 94.8    -911,967 86.0 -1,126,957 5S.0 -1,22S,033 54.7 -932,042 86.2 

10 53.6 51.0 -389,166 102.2 -721,747 90.2 

99.1 

-1,105,943 

-777,272 

59.1 

63.9 

-1,101,891 

-726,966 

54.0 

57.6 

-873,706 

-574,729 

90.3 

11 56.5 52.8 -256,768 111.9 -642,779 99.1 

12 59.1 54.3 -89,294 123.9 -471,766 109.4 -561,572 69.0 -736,887 61.5 -395,692 109.1 

13 61.2 55.3 -52,280 141.0 -294,184 115.8 -419,400 71.9 -423,005 63.8 -294,184 116.2 

14 62.6 56.2 -30,306 155.9 -172,429 122.2 -409,501 47.3 -436,061 46.4 -220,420 122.2 

15 63.0 56.3 -24,560 163.2 -217,236 126.3 -340,628 50.0 -318,335 49.3 -169,756 126.3 

16 62.8 56.2 -183,293 162.6 -198,072 128.4 

125.1 

-425,755 

-546,466 

52.5 

52.S 

-355,263 

-607,144 

51.9 

52.4 

-294,239 

-324,095 

128.4 

17 62.1 56.1 -47,707 149.4 -420,000 125.1 

18 61.0 56.8 -256,289 137.4     -334,274 127.6 -623,609 56.2 -540,129 55.9 -429,278 127.6 

19 59.5 56.4 -291,091 S6.2     -787,386 88.2 -76S,702 57.£ -891,181 57.6 -678,931 88.2 

20 57.7 55.1 -776,743 66.0     -772,505 59.8 -888,582 57.4 -768,721 57.2 -882,865 59.8 

1 " 55.7 53.5 -668,914 61.1   -1,125,595 55.1 -1,044,882 53.3 -1,165,224 53.3 -1,017,076 55.1 

22 53.6 51.3 -1,083,S28 56.6   -1,101,152 49. 5 -1,186,205 49.6 -1,066,474 49.5 -1,206,385 49.5 

23 51.5 49.6 -961,996 54.1   -1,442,698 50.1 -1,348,994 50.3 -1,467,998 50.2 -1,340,916 50.1 

24 49.5 47.8 -1,316,399 50.1 -1,443,686 48.8 -1,487,665 50.1 -1,369,151 50.1 -1,542,199 48.8 
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APPENDIX 4F 

EVALUATION OF STORAGE STRATEGIES 

12 HOUR TO 6 HOUR ON PEAK STORAGE SCENARIOS 
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12 HOUR ON-PEAK PERIOD (8 AM - 8 PM) 

Cooling On Off Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 87.2 0.0 87.2 254.58 341.8 

2 81.4 0.0 81.4 254.58 336.0 

3 76.6 0.0 76.6 254.58 331.2 

4 71.6 0.0 71.6 254.58 326.2 

5 71.4 0.0 71.4 254.58 328.0 

6 1025 0.0 102.9 254.58 357.5 

7 160.6 0.0 160.6 254.58 415.2 

8 186.2 186.2 0.0 0.0 

e 205.4 205.4 0.0 0.0 

10 213.1 213.1 0.0 0.0 

11 244.5 244.5 0.0 0.0 

12 266.1 266.1 0.0 0.0 

13 283.6 283.6 0.0 0.0 

14 2985 298.9 0.0 0.0 

15 3075 3075 0.0 0.0 

16 3075 307 5 0.0 0.0 

17 299.6 299.6 0X1 0.0 

18 245.6 245.6 0.0 0.0 

19 197.1 197.1 0.0 0.0 

20 184.1 0.0 184.1 254.58 438.7 

21 1565 OX) 156.0 254.58 410.6 

22 135-9 0.0 1355 254.58 390.5 

23 117.8 0.0 117.8 254.58 372.4 

24 107X1 0.0 107.8 254.58 362.4 

TOTALS 4.40&3 3,055.0 1,353.3 3,055.0         MAX =           438.7 

CooBng On OH Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 1525 05 1525 352.2 505.1 

2 146X1 05 146.0 352.2 498.2 

3 125X1 0.0 125.8 352.2 478.0 

4 116.1 05 116.1 352.2 468.3 

5 115J5 05 1155 352.2 467.7 

6 167.3 05 167.3 352.2 519.5 

7 2425 05 242.5 352.2 594.7 

8 248.5 248.5 0.0 05 

9 268.0 268.0 0.0 0.0 

10 293.5 293.5 0.0 0.0 

11 323.1 323.1 0.0 0.0 

12 354.2 354.2 0.0 0.0 

13 367.7 397.7 0.0 0.0 

14 4205 420.5 0.0 0.0 

15 432.1 432.1 0.0 0.0 

16 428.8 428X4 0.0 0.0 

17 416.5 4165 0.0 0.0 

18 351.3 3513 0.0 0.0 

19 2915 2915 0.0 0.0 

20 272X1 0.0 272.0 352.2 624.2 

21 247.4 05 247.4 352.2 599.6 

22 2125 05 2125 352.2 564.7 

23 188.7 05 188.7 352.2 540.9 
24 175.2 05 175.2 352.2 527.4 

TOTALS 6,388.0 4,226.1 2.161.9 4,226.1         MAX =          624.2 
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Cooling On Off Required Requited 

Load Peak Peak Storage Chiller 

Hour (Ton-Rr«) (Ton-Hr») (Ton-Hrs) (Ton-Hrs) (Tons) 

1 227.6 0X1 227.6 443.0 670.6 

2 219.3 05 219.3 443.0 662.3 

3 207.6 0X1 207.6 443.0 650.6 

4 199.4 0.0 199.4 443.0 642.4 

5 199.4 0X1 199.4 443.0 642.4 

6 249.2 05 249.2 443.0 692£ 

7 321.1 0X1 321.1 443.0 764.1 

e 3365 3365 0.0 OX) 

9 343.7 3*3.7 0.0 0X1 

10 383.2 3832 0.0 OX) 

11 414.1 414.1 0.0 0.0 

12 444.3 444.3 0.0 0.0 

13 487.7 467.7 0.0 OXt 

14 506.8 506.8 0.0 OX) 

15 537.7 537J 0.0 OX) 

16 5355 5355 0.0 0.0 

17 506.7 505J 0.0 OX) 

18 439.8 4395 0.0 0.0 

19 378.3 3785 0.0 OX) 

20 345.7 0X1 345.7 443.0 788.7 

21 319.7 0X> 319.7 443.0 762.7 

22 296.4 oxt 296.4 443.0 739.4 

23 273.1 0X1 273.1 443X1 716.1 

24 2475 0X1 247.9 443X1 690X1 

TOTALS 8,422.7 5JI6J 3,106.4 9,316.3         MAX =          788.7 

CooGng On OH Required Required 

Load Fee* Peak Storage Chiller 

Hour (Ton-Hrs) (TcrvHrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 254X1 OX) 254.9 466.1 7215 

2 238X1 OXI 238.8 466.1 704X1 

3 229£ OXI 229.2 466.1 695.3 

4 2215 OX) 221.5 466.1 6875 

5 222.0 OX) 222.0 466.1 688.1 

6 2695 OX) 269.6 466.1 735.7 

7 344.4 OX) 344.4 466.1 8105 

8 357.7 357.7 0.0 05 

9 3785 3785 0.0 05 

10 401.4 401.4 0.0 05 

11 426.0 4SSX) 0.0 05 

12 4735 4735 0.0 05 

13 516.2 516-2 0.0 05 

14 537.3 537.3 0.0 05 

15 5605 5605 0.0 05 
16 5465 546-8 0.0 05 
17 534.4 534.4 0.0 05 

18 4675 4675 0.0 05 
19 3905 3905 0.0 05 
20 3725 OX) 372.5 466.1 8385 

21 335.7 OX) 335.7 466.1 8015 

22 311.2 OX) 311.2 466.1 7775 
23 290.3 OX) 290.3 466.1 756.4 
24 264.7 CXI 264.7 466.1 7305 

TOTALS 8,947.6 SJ325 3,354.8 5,592.8          MAX =           838.6 
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Cooling Cm OH Required Required 

Load FHk Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (lon-Hrs) (Ton-Hrs) (Tons) 

1 258.« OX 258.8 471.3 729.9 

2 238.« OX 239.S 471.3 711.2 

3 231.3 0.0 231.3 471.3 702.6 

4 223.2 OX 223.2 471.3 694.5 

5 212.7 0 0 212.7 471.3 684.0 

6 257.4 OX 287.4 471.3 738.7 

7 344.7 OX 344.7 471.3 816.0 

8 358.1 358.1 0.0 0.0 

e 379.1 379.1 0.0 0.0 

10 403-8 403-8 0.0 0.0 

ii 433.7 433-7 0.0 0.0 

12 479.0 479-0 0.0 0.0 

13 505.7 505.7 0.0 OX 

14 541.9 5413 0.0 OX 

15 553.9 553-9 0.0 OX 

16 564.7 564.7 0.0 OX 

17 556.9 5569 0.0 OX 

18 471 a 471.9 OX OX 

19 407.2 407.2 OX 0.0 

20 375.7 OX 375.7 471.3 847.0 

21 352.4 OJ0 352.4 471.3 823.7 

22 314.1 0-0 314.1 471.3 785.4 

23 2915 OJO 291-5 471.3 762.8 

24 278.7 0-0 278.7 471.3 750.0 

TOTALS 9,048.1 5,655-9 3,390.2 5,655.9          MAX =           847.0 

SEPTEMBER 

Cooing On OB Required Required 

Load Peek Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 204.1 OX 204.1 398.7 6025 

2 185.5 OX 1855 398.7 584.2 

3 1765 OX 1765 398.7 575.2 

4 168.2 OX 168.2 398.7 566.9 

5 166.9 OX 166.9 398.7 565.6 

6 2125 OX 2126 398.7 611.3 

7 282.7 OX 2827 398.7 681.4 

8 296.9 296-9 OX OX 

9 318.2 31&2 OX OX 

10 3424 3*2.4 OX OX 

11 372-4 372.4 OX OX 

12 401X 401.6 OX OX 

13 4435 4435 OX 0.0 

14 464.7 464J 0.0 0.0 

15 474.6 4745 OX 0.0 

16 470.8 470-6 0.0 0.0 

17 457.2 457-2 OX OX 

18 399.7 388J7 OX OX 

19 341 a 341 a OX 0.0 

20 312.7 OX 3127 398.7 711.4 

21 288.8 ox 268.8 398.7 687.5 

22 253.4 ox 253.4 398.7 652.1 

23 232X ox 2328 398.7 6315 

24 209.8 ex 209.6 398.7 608.3 

TOTALS 7,477.7 4.783J 2,893.8 4,783.9          MAXc           711.4 
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Cooling On 0« Required 

Load Peak Peak Storag« 

(Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) 

68.8 0.0 68.8 189.5 

60.0 0.0 60.0 189.5 

SS.B 0.0 55.8 189.5 

52.8 0.0 52.8 169.5 

52.6 0.0 52.6 189.5 

73.8 0.0 73.8 189.5 

109.1 0.0 109.1 189.5 

117.3 1173 0.0 

130.4 130.4 0.0 

147.4 147.4 0.0 

171.B 1713 0.0 

202.1 202.1 0.0 

222.8 2228 0.0 

238.1 238.1 0.0 

246.6 246.6 0.0 

243.5 2435 0.0 

232.5 2325 0.0 

183.7 183.7 0.0 

137.2 137-2 0.0 

113.3 03 113.3 1895 

94.3 0.0 94.3 1695 

78.5 0.0 785 1S95 

68.3 03 683 1895 

61.3 03 613 1895 

Required 
Chiller 
(Tone) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

258.3 
249.5 
245.3 
242.3 
242.1 
2633 
298.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

302.8 
283.8 
268.0 
257.8 
250.8 

3,162.0 2^73,4 2,273.4 302.8 

Cooling On OR Required Required 

Load Pesic Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 55.8 0.0 553 1693 224.8 

2 53.1 03 53.1 169.0 222.1 

3 51.1 0-0 51.1 1693 220.1 

4 48.3 0.0 483 1693 217.3 

5 47.2 OJO 47.2 1693 216.2 

6 46.9 0J0 463 1693 215.9 

7 67.0 OJO 673 1693 236.0 

8 104.9 104 J» 03 0.0 

9 114.0 114J0 03 0.0 

10 125.7 125J 0.0 0.0 

11 1453 1453 03 0.0 

12 173.7 173J 03 0.0 

13 194.3 1943 03 0.0 

14 2085 2065 03 0.0 

15 216.0 216J0 03 0.0 

16 214.2 214.2 03 0.0 

17 201.6 2013 03 0.0 

18 192.8 1S23 03 0.0 

19 136.8 1363 03 0.0 

20 87.5 OJO 875 1693 256.5 

21 75.3 OJO 753 1693 244.3 

22 64.9 OJO 643 1693 233.9 

23 60.4 0-0 60.4 169.0 229.4 

24 55.9 03 553 169.0 224.9 

TOTALS 2,741.7 2.0283 713.4 2.0283         MAX =          256.5 
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11 HOUR ON-PEAK PERIOO (8 AM ■ 7 PM) 

Cooing On 0« Required Required 

Loed Peek Peak Storage Chiller 

Hour (Ton-Hri) (Ton+lrs) (Ton-Hre) (Ton-Hre) (Ton«) 

1 87.2 04 87.2 21844 3074 

2 81.4 04 81.4 21944 301.2 

3 76.8 Oil 76.6 219.84 296.4 

4 714 04 71.6 219.84 291.4 

5 71.4 0.0 71.4 21944 291.2 
6 1024 04 1024 219.84 322.7 

7 yea* 04 160.6 219.84 380.4 

a 1862 1882 04 0.0 

9 205-4 2054 0.0 0.0 

10 213.1 213.1 0.0 0.0 

11 2444 2444 0.0 0.0 
12 266.1 266.1 0.0 0.0 

13 2S3J8 2634 0.0 0.0 

14 2984 2984 0.0 0.0 

IS 3074 3074 04 04 

16 307JO 3074 0.0 0.0 

17 2994 2994 04 0.0 
18 245J6 2454 04 0.0 

19 197.1 04 197.1 219.84 4164 

20 »84.1 04 184.1 219.84 4034 

21 1S6J0 04 1564 21944 3754 

22 1354 04 1354 21S44 355.7 

23 1174 04 1174 219.84 3374 

24 1074 04 1074 21944 327.6 

TOTALS 4,408-3 24574 1,550.4 2,857.9         MAX =          416.9 

HAY 

Cooing On OK Required Required 

load Peek Peek Storage Chiller 

Hour (Ton-Hrs) (Ton-Hre) (Ton-Hre) (Ton-Hre) (Tons) 

1 1524 04 1524 302.6 4554 

2 1464 04 146.0 302.6 4484 

3 1254 04 125.6 302.6 426.4 

4 116.1 04 116.1 302.6 418.7 

5 1154 04 1154 30£6 418.1 

6 1674 04 1674 302.6 4694 

7 2424 04 2424 302.6 545.1 

8 2484 2484 0.0 04 
9 2684 2684 0.0 0.0 

10 2S3 5 2334 0.0 0.0 

11 323.1 323.1 04 0.0 
12 3542 354.2 0.0 0.0 

13 3977 397.7 04 0.0 

14 42D4 4204 0.0 04 

15 432.1 432.1 04 0.0 
16 4284 4284 0.0 0.0 

17 4164 4164 0.0 0.0 
18 3514 3514 04 04 

19 2914 04 2914 302.6 594.5 
20 2724 04 272.0 30£6 574.6 

21 247.4 04 247.4 302.6 550.0 

22 2124 04 2124 3024 515.1 

23 1S8-7 04 188.7 30£6 4914 
24 175.2 04 175.2 302.6 4774 

TOTALS 6.388 0 3434.2 2.453.8 3,934.2         MAX =          594.5 
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JUNE 

Cooing On Off Required Required 

Load Peak Puk Storage Chiller 

Hour (Ton-Wre) (Tcn-Hra) (Ton-Hre) (Ton-Hre) (T°n«> 

1 227.6 03 227.6 379.8 607.4 

2 219-3 03 219.3 379.8 599.1 

3 207.6 0.0 207.6 379.8 587.4 

4 199.4 03 199.4 379.6 579.2 

S 199.4 0.0 199.4 379.8 579.2 

6 249.2 0.0 249.2 379.8 629 3 

7 321.1 03 321.1 379.8 700.8 

e 3383 3363 0.0 OJO 

e 343-7 343.7 0.0 0.0 

10 3S3.2 383^ 0.0 0.0 

11 414.1 414.1 0.0 OJj 

12 444.3 444.3 0.0 0.0 

13 4S7.7 487.7 0.0 0.0 

14 506.8 5093 0.0 0.0 

IS 537.7 537.7 0.0 0.0 

16 535-5 5353 0.0 0.0 

17 506J 506J 0.0 OJO 

18 439-8 438-6 0.0 OJO 

19 378-3 03 378.3 379.8 758.1 

20 34SJ 0-0 345.7 370.8 7253 

21 318.7 0-0 319.7 379.8 6893 

22 296-4 03 296.4 379.6 676.2 

23 273-1 OJO 273.1 379.8 6529 

24 2473 OJO 247 J» 379.6 627.7 

TOTALS 8,422.7 M« 3.484.7 4,938.0          MAX =           758.1 

JULY 

Cooing On OH Required Required 

Loed Peak Peak Storage CMtter 
Hour (Ton-Hre) (Ton-Hre) (Ton-Hre) (Ton-Hre) (Ton*) 

1 2543 OJO 2543 400.2 655.1 

2 238-6 OJO 2383 400.2 6393 

3 229.2 OJO 229.2 400.2 629.4 

4 2213 0-0 221.5 400.2 621.7 

5 2220 OX 222.0 400.2 6222 

6 255-5 0-0 2693 400.2 6693 

7 344.4 0-0 344.4 400.2 7443 

8 3S7J7 357.7 03 03 

S 378JE 3783 0.0 03 

10 401.4 401.4 0.0 03 
11 4283 42SJ3 03 03 

12 4733 4733 0.0 0.0 

13 516-2 516-2 0.0 03 

14 537.3 5373 0.0 03 

15 560-6 5603 03 03 
16 546-8 5403 03 03 

17 S34.4 534.4 0.0 03 

18 4673 4673 0.0 03 

19 3803 03 3903 400.2 7903 
20 3723 OX 3723 400.2 7727 

21 335-7 OJO 335.7 400.2 7353 
22 311-2 0-0 311.2 400.2 711.4 

23 290-3 03 2903 400.2 6903 

24 254.7 0-0 264.7 400.2 6643 

TOTALS 8X73 5.202-2 3,745.4 5,202 J          MAX -           7903 
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Cooling On O« Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hr«) (Ton-Hr») (Ton-Hr«) (Ton-Hrs) (Tons) 

1 258.6 0.0 258.6 403.7 662.3 

2 239.9 0.0 2395 403.7 643.6 

3 231.3 0.0 2313 403.7 635.0 

4 223.2 0.0 223.2 403.7 626.9 

5 2127 0.0 212.7 403.7 616.4 

6 267.4 0.0 267.4 403.7 671.1 

7 344.7 0.0 344.7 403.7 748.4 

a 358.1 358.1 0X> 0.0 

9 379.1 379.1 OX) 0.0 

10 403.8 403.8 0X1 0.0 

11 433.7 433.7 0X> 0.0 

12 479.0 479.0 OX) 0.0 

13 505.7 505.7 OX) 0.0 

14 541.9 541.9 OX) 0.0 

15 553.9 553.9 OX) 0.0 

16 564.7 564.7 OX) 0.0 

17 556.9 556-9 OX) 0.0 

16 4715 471 5 OX) 0.0 

18 407.2 0.0 407.2 403.7 810.9 

20 375.7 0X1 375.7 403.7 779.4 

21 352.4 0X1 352.4 403.7 756.1 

22 314.1 0X1 314.1 403.7 717.8 

23 291 5 OX) 291.5 403.7 695.2 

24 278.7 0.0 278.7 403.7 682.4 

TOTALS 8,046.1 5.248.7 3.787.4 5,248.7          MAX =           810.9 

SEPTEMBER 

Cooling On Off Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 204.1 0.0 204.1 341.7 545.8 

2 1855 OX) 1855 341.7 527.2 

3 176.5 0.0 1765 341.7 518.2 

4 166.2 0X1 168.2 341.7 509.9 

5 1665 0.0 1665 341.7 506.6 

6 212.6 OX) 2125 341.7 554.3 

7 2827 0.0 282.7 341.7 624.4 

8 296.9 2965 05 0.0 

9 316.2 318.2 05 0.0 

10 342.4 342.4 05 0.0 

11 3724 37£4 05 0.0 

12 401.6 401.6 05 0.0 

13 443.5 4435 05 0.0 

14 464.7 464.7 05 0.0 

15 474.6 474.6 05 0.0 

16 470.8 470.8 05 0.0 

17 457.2 457.2 05 0.0 

18 399.7 399.7 05 0.0 

19 341.9 OX) 3415 341.7 683.6 

20 3127 0.0 312.7 341.7 654.4 

21 268.8 0.0 2885 341.7 630.5 

22 253.4 OX) 253.4 341.7 595.1 

23 232.8 OX) 232.8 341.7 574.5 

24 209.6 OX) 209.6 341.7 551.3 

TOTALS 7,477.7 4,442.0 3,035.7 4,442.0         MAX =          683.6 
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Cooling On OH Required 

Load Peak Peak Storage 

(Ton-Hrel (Tcn-Hra) (Ton-Hrs) (Ton-Hrs) 

Required 

Chiller 

(Tons) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

18 

17 

18 

IS 

20 

21 

22 

23 

24 

B8J 

60.0 

55.8 

523 

52.6 

73.8 

109.1 

117.3 

130.4 

147.4 

171.8 

202.1 

2223 

238.1 

246.6 

2435 

2325 

183-7 

137.2 

1133 

943 

785 

683 

613 

03 

0.0 

03 

OJO 

03 

0-0 

oo 
117.3 

taw 
M7.4 

1713 

202.1 

23S.1 

2483 

24X5 

2325 

iaaj 
oo 
oo 
OJO 

OJO 

OJO 

OJO 

88.8 

60.0 

5S.8 

528 

52.6 

73.8 

109.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

OJO 

03 

137.2 

1133 

943 

78.5 

683 

61.3 

164.3 

164.3 

1S4.3 

164.3 

164.3 

164.3 

164.3 

1643 

164.3 

164.3 

1643 

1643 

1643 

233.1 

224.3 

220.1 

217.1 

216.9 
238.1 

273.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

301.5 

277.6 

258.6 

242.8 

232.6 

225.6 

TOTALS 3,162.0 2.136-2 1,025.8 2,138 3. 

NOVEMBER 

Goofing Oa Off Required Required 

Load Peak Peak Storage Chiller 
Hour (Ton-Hrs) (ToavHn) (Ton-Hrs) (Ton+lre) (Tons) 

1 553 03 553 1455 2013 
2 53.1 OLO 53.1 1455 198.6 

3 51.1 OX 51.1 1455 196.6 

4 483 03 483 145.5 193.8 

5 47.2 OO 47.2 145.5 192.7 

6 46.9 03 463 1455 192.4 
7 673 03 873 1455 212.5 

8 1043 1043 0.0 0.0 

9 114 JO 1MJ0 0.0 0.0 
10 125.7 125J 0.0 0.0 
11 1453 MS3 0.0 0.0 

12 173.7 173-7 0.0 0.0 
13 1943 »4-3 0.0 0.0 
14 2063 goes 0.0 0.0 
15 2163 2163 0.0 0.0 
16 214.2 2H2 0.0 0.0 
17 2013 2913 0.0 0.0 
18 1923 «23 0.0 0.0 
19 1363 03 136.8 1455 28^3 
20 875 03 875 1455 233.0 

21 753 03 753 1455 220.6 
22 643 OJO 643 1455 210.4 
23 60.4 OO 00.4 1455 2053 
24 55.9 OX 55.9 145.5 201.4 

TOTALS 2.741.7 13915 850.2 1,891.5          MAX=           282.3 
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10 HOUR ON-PEAK PERIOD (8 AM • 6 PM) 

APRIL 

Cooing On OH Required Required 
Load PHt Peak Storage Chiller 

Hour (Ton-Hrs) (Toft-Hrsj (Ton-Hrs) (Ton-Hrs) (Ton«) 

1 67.2 OX 87.2 18659 2735 
2 ei.4 0i> 81.4 186.59 268.0 
3 76.« 0.3 76.6 18659 263.2 
4 714 OJO 71.6 186.59 258.2 
5 71.4 OJO 71.4 186.59 2584 
6 1024 as 1024 186.59 289.5 
7 1604 ox 160.6 186.59 347.2 
e 186.2 W6-2 0.0 0.0 
9 205.4 20&4 0.0 0.0 
10 213-1 213.1 0.0 0.0 
11 244.5 2445 0.0 0.0 
12 266.1 266.1 0.0 0.0 
13 2634 2834 0.0 0.0 
14 2964 2984 0.0 0.0 
15 3074 3074 0.0 0.0 
16 307 J) 3074 0.0 0.0 
17 299.« 2984 04 0.0 
18 2454 04 245.6 166.59 432.2 
10 W.I 04 187.1 186.59 383.7 
20 184.1 04 184.1 18649 370.7 
21 1564 04 156.0 186.59 342.6 
22 1354 04 1354 186.59 3225 
23 1174 04 1174 18649 304.4 
24 1074 04 1074 186.59 294.4 

TOTALS 4,4084 24124 1,786.0 2,612.3        MAX =          432 2 

Cooing On Otf Required Required 
Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Too4*s) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 1524 04 1524 255.9 408.8 
2 1464 04 146.0 255.9 4014 
3 1254 04 1254 255.9 381.7 
4 116.1 04 116.1 2554 372.0 
5 1155 04 1155 255.9 371.4 
6 167J3 04 1674 2554 423.2 
7 2425 04 2425 255.9 496.4 
8 2485 2485 04 0.0 
8 2684 2684 04 0.0 
10 2935 2935 0.0 0.0 
11 323.1 323.1 0.0 0.0 
12 354.2 3S<2 04 0.0 
13 387.7 397.7 0.0 0.0 
14 4205 4205 0.0 0.0 
15 432.1 432.1 04 0.0 
16 4284 4284 0.0 0.0 
17 4165 4165 0.0 0.0 
18 3S15 04 3514 255.9 607.2 
19 2914 04 2914 255.9 547.8 
20 2724 OX zrzo 255.9 5274 
21 247.4 ox 247.4 255.9 503.3 
22 2125 04 2125 2554 468.4 
23 188.7 as 188.7 255.9 444.6 
24 175.2 ox 175.2 255.9 431.1 

TOTALS 6,3884 34K4 2,805.1 3,582.9         MAX =           607 3. 
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Cooling On Ott Required 

LOKl Peek Puk Storage 

(Ton-Hre) (Torv-Hn) (Ton-Hrs) (Ton-Hrs) 

227.6 0.0 227.6 321.3 

219.3 0-0 2192 321.3 

207.6 02 207.6 321.3 

igg.4 0X1 199.4 321.3 

199.4 00 199.4 321.3 

249.2 0.0 249.2 321.3 

321.1 ox 321.1 3212 

336.5 336» 0X1 

343.7 343J 0X1 

383.2 383.2 0X1 

414.1 4V4.1 0.0 

4442 4442 0X1 

487.7 487-7 0.0 

506.6 5082 0X1 

537.7 537.7 0X) 

5352 53S2 ox> 
506.7 506J OX) 

4392 02 439.8 321.3 

3782 oo 378.3 321.3 

345.7 0.0 345.7 3212 

319.7 ao 319.7 321.3 

296.4 OJO 296.4 321.3 

273.1 02 273.1 321.3 

247.9 ao 247.9 321.3 

Required 
Chiller 
(Tons) 

1 
2 
3 
4 
5 
6 
7 
e 
g 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

548.9 
540.6 
528.9 
520.7 
520.7 
570.5 
642.4 
0.0 
0.0 
0.0 
0.0 
OX) 
0.0 
0.0 
0.0 
0.0 
0.0 

761.1 
699.6 
667.0 
641.0 
617.7 
594.4 
569.2 

8,422.7 4,498-2 3224.5 4,498.2 761.1 

JULY 

Cooing On on Required Required 

Load Peak Peek Storage Chiller 

Hour (Ton-Hre) (Ton-Hre) (Ton-Hre) (Ton-Hre) (Tons) 

1 254.9 oxt 254X1 338.2 593.1 

2 233.8 OX) 2382 338.2 577.0 

3 229.2 OX) 229.2 338.2 567.4 

4 2212 0X1 221.5 338.2 559.7 

5 222X1 OX) 222.0 338.2 560.2 

6 2692 0X1 269.6 338.2 6072 

7 344.4 oxt 344.4 338.2 6826 

8 357.7 357.7 02 0.0 

9 378.6 3782 02 02 

10 401.4 «01.4 0.0 0.0 

11 428XI 422X 0.0 0.0 

12 473X1 4732 02 0.0 

13 516.2 518-2 0.0 0.0 

14 537.3 537.3 0.0 02 

15 560.6 5602 02 0.0 

16 546.8 5462 0.0 0.0 

17 534.4 5344 02 02 

18 4672 oxt 4672 338.2 8052 

19 3902 oxt 390.6 338.2 728.8 

20 3722 0X1 372.5 338.2 710.7 

21 335.7 oxt 335.7 338.2 6732 

22 311.2 oxt 311.2 338.2 649.4 

23 2902 oxt 2902 338.2 628.5 

24 264.7 CO 264.7 338.2 6022 

TOTALS 82472 4J342 4,213.0 4,7342 805.8 
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Cooling OB OH Required Required 
Load Put Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 258.6 0.0 258.6 341.2 599.8 
2 239.9 oa 239.9 341.2 581.1 
3 231.3 OS 231.3 341.2 572.5 
4 223.2 on 223.2 341.2 564.4 
5 212.7 ox> 212.7 341.2 5535 
6 267.4 0X> 267.4 341.2 600.6 
7 344.7 0.0 344.7 341.2 685.9 
6 358.1 358.1 0.0 0.0 
S 379.1 379.1 0.0 0.0 
10 403.8 403-8 0.0 0.0 
11 433.7 433J7 OJO 0X1 
12 479.0 4795 0.0 0.0 
13 505.7 505-7 0.0 0.0 
14 5415 5415 0.0 0.0 
15 5535 5535 0.0 0.0 
16 564.7 564.7 0.0 0.0 
17 5565 5565 0.0 0X1 
IS 4715 OJO 4715 341.2 813.1 
19 407.2 OJD 407.2 341.2 748.4 
20 375.7 OJO 375.7 341.2 7165 
21 352.4 OJO 352.4 341.2 693.6 
22 314.1 OJO 314.1 341.2 655.3 
23 291S OJO 291.5 341.2 632.7 
24 278.7 OJO 278.7 341.2 6195 

TOTALS 9.046.1 4J76JB 4.269.3 4,776.8         MAX •          813.1 

SEPTEMBER 

Cooing On OK Required Required 
Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 204.1 OJO 204.1 268.7 492.8 
2 185.5 OJO 185J5 268.7 474.2 
3 176J5 OJO 176.5 288.7 465.2 
4 168J2 OJO 168.2 288.7 4565 
5 1665 OJO 1665 288.7 455.6 
6 212J5 OJO 212.6 268.7 501.3 
7 282.7 OJO 282.7 288.7 571.4 
8 2965 2965 0.0 0.0 
9 318-2 3WJ2 0.0 0.0 
10 342.4 342.4 0.0 0.0 
11 372.4 372.4 0.0 0.0 
12 401JB 401J8 05 0.0 
13 443J5 443J5 0.0 0.0 
14 464.7 46*J 0.0 0.0 
15 474JB 474.6 0.0 0.0 
16 4704 470JB 0.0 0.0 
17 457 J2 457 J2 0.0 0.0 
18 399.7 OJO 399.7 288.7 688.4 
19 3415 OJO 3415 288.7 630.6 
20 312.7 OJO 312.7 288.7 601.4 
21 266.8 OJO 268.8 288.7 577.5 
22 2514 OJO 253.4 268.7 542.1 
23 232JJ OJO 2324 288.7 521.5 
24 209 JS OX 209.6 288.7 498.3 

TOTALS 7,477.7 4.04JJ 3,435.4 4,042.3          MAX =           688.4 
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OCTOBER 

Cooling On 0« Required Required 
toad PMt Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 68.8 03 68.8 13S.5 208.3 
2 60.0 ao 60.0 139.5 199.5 
3 55.8 ox 55.8 139.5 195.3 
4 524 0-0 52.8 139.5 192.3 
5 52.6 oo 52.8 139.5 192.1 
6 73.8 03 73.8 139.5 213.3 
7 109.1 OJO 109.1 139.5 248.8 
8 117.3 1173 03 03 
9 130.4 1304 03 0.0 
10 147.4 1474 03 0.0 
11 171.8 1713 0.0 0.0 
12 202.1 202.1 0.0 03 
13 2223 2223 03 0.0 
14 238.1 238.1 0.0 0.0 
15 246.6 2463 0.0 0.0 
16 2433 2433 0.0 0.0 
17 2325 m*. 03 0.0 
18 183.7 03 183.7 1393 323.2 
19 137.2 03 137.2 139.5 276.7 
20 1133 03 1133 139.5 252.B 
21 943 03 943 139.5 233.8 
22 785 03 78.5 1393 218.0 
23 683 03 683 139.5 2073 
24 613 03 613 139.5 200.8 

TOTALS 3,162.0 13S23 1.209.5 1,952.5          MAX 323.2 

NOVEMBER 

Cooing OB Off Required Required 
Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (TOO-HESJ (Ton-Hrs) (Ton-Hrs) (Tons) 

1 553 OX 553 1213 177.1 
2 53-1 03 53.1 121.3 174.4 
3 51.1 03 51.1 121.3 172.4 
4 483 03 483 121.3 169.6 
5 47.2 03 47.2 1213 166.5 
6 463 03 463 121.3 168.2 
7 673 03 67.0 121.3 188.3 
8 1043 1043 03 0.0 
9 1143 1M3 03 0.0 
10 125.7 125-7 0.0 0.0 
11 1453 145-S 0.0 0.0 
12 173J 173-7 0.0 0.0 
13 1S43 1943 03 0.0 
14 2063 2083 03 0.0 
15 2163 2163 0.0 0.0 
16 214.2 2V4-2 03 0.0 
17 2013 2013 0.0 0.0 
18 1923 03 1923 121.3 314.1 
19 1363 03 136.8 121.3 258.1 
20 673 03 873 121.3 208.8 
21 753 03 753 121.3 196.6 
22 643 OX 643 121.3 186.2 
23 60.4 03 60.4 1213 181.7 
24 553 0.0 553 121.3 177.2 

TOTALS 2.741.7 1,696_7 1X43.0 1,688.7          MAX 314.1 
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9 HOUR ON-PEAK PERIOD (9 AM - 6 PM) 

Cooling On Oft Required Required 

Load Puk Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hr«) (Tons) 

1 87.2 0.0 87.2 181.74 248.9 

2 61.4 05 81.4 161.74 243.1 

3 76.6 0.0 76.6 161.74 238.3 

4 71.6 0.0 71.6 161.74 233.3 

S 71.4 05 71.4 161.74 233.1 

E 1025 0.0 102.9 161.74 264.6 

7 160.6 0.0 160.6 161.74 322.3 

S 186.2 0.0 186.2 161.74 3475 

9 205.4 205.4 0.0 0.0 

10 213.1 213.1 0.0 0.0 

11 244.5 244.5 0.0 0.0 

12 266.1 266.1 0.0 0.0 

13 2S3.6 283.6 0.0 0.0 

14 2985 298.9 0.0 0.0 

15 307.9 3075 0.0 0.0 

16 307 5 3075 0.0 0.0 

17 299.6 299.6 0.0 0.0 

18 245.6 OX) 245.6 161.74 407.3 

IS 197.1 0.0 197.1 161.74 358.8 

20 184.1 0X1 184.1 161.74 345.8 

21 156.0 0X> 156.0 161.74 317.7 

22 135.9 OX) 135.9 161.74 297.6 

23 117.8 OX) 117.8 161.74 2795 

24 107.8 OX) 107.8 161.74 2695 

TOTALS 4,408.3 2,426.1 1,982.2 2,426.1         MAX =           407.3 

Cooling On Off Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrt) (Ton-Hrs) (Tons) 

1 1524 0.0 1525 2223 375.2 

2 146 X) 05 146.0 2224 3683 

3 125.8 0.0 125.8 2223 348.1 

4 116.1 05 116.1 2223 338.4 

5 1155 05 115.5 222.3 3373 

6 167.3 05 167.3 222.3 389.6 

7 2425 05 242.5 2223 4645 

8 2485 05 248.5 222.3 4703 

9 268.0 2685 0.0 0.0 

10 2935 2935 0.0 0.0 

11 323.1 323.1 0.0 05 

12 354.2 354.2 0.0 0.0 

13 397.7 397.7 0.0 05 

14 4205 4205 0.0 0.0 

15 432.1 432.1 0.0 05 

16 4265 4285 0.0 05 

17 4165 4165 05 0.0 

16 3513 05 351.3 2223 5735 

19 2915 05 291.9 222.3 514.2 
20 2725 05 2725 222.3 4943 

21 247.4 05 247.4 2223 469.7 
22 2125 05 212.5 2223 4343 

23 188.7 05 188.7 222.3 411.0 
24 175.2 05 175.2 2223 3975 

TOTALS 6,388.0 3,334.4 3,053.6 3,334.4        MAX =          573.6 
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Cooling On OH Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 227.8 0.0 227.6 277.4 505.0 

2 219.3 0.0 219.3 277.4 496.7 

3 207.6 0.0 207.6 277.4 465.0 

4 19SA 0.0 199.4 277.4 476.8 

5 189.4 0.0 199.4 277.4 476.8 

6 248.2 0.0 249.2 277.4 526.6 

7 321.1 0.0 321.1 277.4 598.5 

8 3385 0.0 336.5 277.4 613.9 

9 343.7 343.7 0.0 0.0 

10 383.2 383.2 0.0 0.0 

11 414.1 414.1 0.0 0.0 

12 444.3 444.3 0.0 0.0 

13 487.7 487.7 0.0 0.0 

14 508.8 508.8 0.0 0.0 

15 537.7 537.7 0.0 0.0 

16 535.5 535.5 0.0 0.0 

17 506.7 506.7 0.0 0.0 

18 439.8 0.0 439.8 277.4 717.2 

1fl 378.3 0.0 378.3 277.4 655.7 

20 345.7 0.0 345.7 277.4 623.1 

21 319.7 0.0 319.7 277.4 597.1 

22 296.4 0.0 296.4 277.4 573.8 

23 273.1 0.0 273.1 277.4 550.5 

24 247.9 0.0 247.9 277.4 525.3 

TOTALS 8.422.7 4,161.7 4,261.0 4,161.7         MAX=          717.2 

JULY 

CooSng On Off Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 2S4J9 0.0 254.9 291.8 546.7 

2 238.8 0.0 238.8 291.8 530.6 

3 229.2 0.0 2292 291.8 521.0 

4 221.5 0.0 2215 291.8 513.3 

5 2224 0.0 222X1 291.8 513.8 

6 269.6 0.0 269.6 291.8 561.4 

7 344.4 0.0 344.4 291.8 636.2 

8 357.7 0.0 357.7 291.8 649.5 

9 378.6 378.6 0.0 0.0 

10 401.4 401.4 0.0 0.0 

11 426 XI 428.0 0.0 0.0 

12 A73J6 473.6 0.0 0.0 

13 516-2 516.2 OX) 0.0 

14 537.3 537.3 0.0 0.0 

15 560-6 560.6 0.0 0.0 

16 546.8 546.8 0X> 0.0 

17 534.4 534.4 0.0 0.0 

18 467.6 0.0 467,6 291.8 759.4 

19 390.6 0.0 390.6 291.8 682.4 

20 3725 0.0 3725 291.8 664.3 

21 33S.7 0.0 335.7 291.8 627.5 

22 3112 0.0 3112 291.8 603.0 

23 290.3 0.0 290.3 291.8 582.1 

24 2S4.7 0.0 264.7 291.8 556.5 

TOTALS 8,947.6 4,376.9 759.4 
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Cooling On OH Required Required 

Load Puk Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 256.6 0.0 258.6 294.6 553.2 

2 239.8 0.0 239.9 294.6 534.5 

3 231.3 0.0 231.3 294.6 525.9 

4 223.2 0.0 223.2 294.6 517.8 

5 212.7 0.0 212.7 294.6 507.3 

a 267.4 0X1 267.4 284.6 562.0 

7 344.7 0.0 344.7 234.6 638.3 

S 35S.1 OX 358.1 284.6 652.7 

S 379.1 379.1 0.0 0.0 

10 403.6 403.6 0.0 0.0 

11 433.7 433.7 0.0 0.0 

12 478.0 479X1 0.0 0.0 

13 505.7 505.7 0.0 0.0 

14 541.9 541XJ 0.0 0.0 

15 553.9 553.9 0.0 0.0 

16 564.7 564.7 0.0 0.0 

17 556.9 556X4 0.0 0.0 

16 471JB 0X1 471.9 234.6 766.5 

18 407.2 0X1 407.2 234.6 701.8 

20 375.7 0X1 375.7 294.6 870.3 

21 352.4 0X1 352.4 294.6 647.0 

22 314.1 0X1 314.1 294.6 608.7 

23 291.5 0X1 291 £ 2945 586.1 

24 278.7 OX) 278.7 294.6 573.3 

TOTALS 9,046.1 4.418.7 4,627.4 4,418.7         MAX =          766.5 

SEPTEMBER 

Cooling On Off Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 204.1 OX) 204.1 249.7 453.8 

2 185.5 0X1 1855 249.7 435.2 

3 1785 OX) 176.5 249.7 426.2 

4 168.2 0X1 168.2 249.7 417.9 

5 166.9 OX) 166X 249.7 416.6 

8 212.6 OX) 212.6 249.7 462.3 

7 262.7 0X1 282.7 249.7 532.4 

6 296.9 0J0 296.9 249.7 546.6 

8 318.2 316.2 0.0 0.0 

10 342.4 342.4 0.0 0.0 

11 372.4 372.4 0.0 0.0 

12 401 5 401 5 0.0 0.0 

13 443.5 4435 0.0 0.0 

14 464.7 464.7 0.0 0.0 

15 474.6 4745 0.0 0.0 

16 470.8 4705 0.0 0.0 

17 457.2 457.2 0.0 0.0 

18 389.7 OX 399.7 249.7 649.4 

18 341X4 OX 341.9 249.7 591.6 

20 312.7 OX 312.7 249.7 562.4 

21 288.6 OX 268.8 249.7 538.5 

22 253.4 ox 253.4 249.7 503.1 

23 2325 ox 232.6 249.7 482.5 

24 209.6 ox 209.6 249.7 459.3 

TOTALS 7,477.7 3,745.4 3,732.3 3,745.4         MAX >          649.4 
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Cooling On Off Required Required 

Load Peak Peak Storage Chiller 

Hour (Too-Hre) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 684 0.0 68.8 122.3 181.1 

2 60.0 00 60.0 1223 182.3 

3 55.8 0X1 55.8 122.3 178.1 

4 524 0.0 52.8 122.3 175.1 

5 52.6 0X1 52.8 1223 174.9 

6 73.8 OX) 73.8 122.3 196.1 

7 109.1 OX) 109.1 1223 231.4 

S 117.3 0X1 117.3 1223 239.6 

9 130.4 130.4 0.0 0.0 

10 M7.4 147/4 0X1 0.0 

11 171 4 171.8 0.0 0.0 

12 202.1 202.1 0.0 0.0 

13 2224 222J 0.0 0.0 

14 238.1 238.1 0.0 0.0 

15 2465 2464 0.0 0.0 

16 2435 2435 0.0 0.0 

17 2325 2325 0.0 0.0 

18 183.7 0X> 183.7 1223 306.0 

19 137.2 0X1 137.2 1223 2595 

20 1133 0X> 113.3 1223 235.6 

21 94.3 0X1 94.3 1223 216.6 

22 785 0X1 78.5 1223 2004 

23 683 0X1 68.3 1223 190.6 

24 613 0X1 61.3 1223 1834 

TOTALS 3,162.0 1,835-2 1,326.8 1,835.2         MAX =          306.0 

Cooing On OH Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 554 0X1 55.8 1063 162.1 

2 53.1 OXt 53.1 1063 159.4 

3 51.1 0.0 51.1 1063 157.4 

4 483 0X> 48.3 1063 154.6 

5 47.2 OXt 47.2 1063 1535 

6 A6JS 0X1 46.9 1063 153.2 

7 67X1 0X1 67.0 1063 1733 

8 104.9 0.0 104.9 1063 211.2 

9 114X) 114X1 0.0 0.0 

10 125.7 125.7 0.0 0.0 

11 1454 1454 0.0 0.0 

12 173J 173-7 0.0 0.0 

13 1S43 1943 0.0 0.0 

14 2085 2065 0.0 0.0 

15 216X1 216X1 0.0 0.0 

16 214.2 214.2 0.0 0.0 

17 2014 2014 0.0 0.0 

18 1924 0-0 192.8 1063 299.1 

19 1364 OX) 136.8 1063 243.1 

20 875 0.0 87.5 106.3 1934 

21 753 0X1 75.3 1063 181.6 

22 64.9 0X1 64.9 1063 171.2 

23 60.4 0.0 60.4 1063 166.7 

24 55.9 0X1 55.9 1063 162.2 

TOTALS 2,741.7 1,553-8 1,147.8 1,593.8         MAX m          288.1 
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8 HOUR ON-PEAK PERIOD (9 AM - 5 PM) 

Cooling On OH Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-H-s) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 87.2 0XI 87.2 132.91 220.1 

2 81.4 0J> 81.4 132.91 214.3 

3 76.6 0.0 76.8 132.91 208.5 

4 71.6 0X1 71.6 132.91 204.5 

5 71.4 OX) 71.4 13£91 204.3 

e 102.8 0X1 10£9 132.91 235.8 

7 160.6 0.0 160.6 132.81 293.5 

C 186.2 OX) 186.2 132.81 318.1 

8 205.4 205.4 0.0 0.0 

10 213.1 2131 0.0 0.0 

11 2445 244:5 0.0 0.0 

12 266.1 266.1 0.0 0.0 

13 283.6 283X1 0.0 0.0 

14 298.9 298.8 0.0 0.0 

15 307.9 3075 0.0 0.0 

16 307 x> 307X1 0.0 0.0 

17 299.6 0X> 299.6 132.91 43Z5 

18 245.6 OX) 245.6 132.91 378.5 

19 197.1 OX) 187.1 132.91 330.0 

20 184.1 OX) 164.1 132.91 317.0 

21 156.0 OX) 156.0 13&91 268.8 

22 135.9 OX) 135.8 132.91 268.8 

23 117.8 OX) 117.8 132.91 250.7 

24 107.8 OX) 107.8 132.91 240.7 

TOTALS 4.408J 2,126-5 2,281.8 2,126.5        MAX=          432.S 

Cooling On Off Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 152X4 OX) 152X4 182.4 335.3 

2 146X) 0X1 146.0 182.4 328.4 

3 125J 0X> 125.8 182.4 308.2 

4 118.1 OX) 116.1 182.4 298.5 

5 115.5 OX) 115.5 182.4 297.9 

6 167.3 OX) 167.3 182.4 349.7 

7 2425 OX) 242.5 182.4 424.9 

8 2485 OX) 248.5 182.4 430.9 

9 268X) 2SSX) 0.0 0.0 

10 2935 2935 0.0 0.0 

11 323.1 323-1 0.0 0.0 

12 354.2 354.2 0.0 0.0 

13 397.7 397.7 0.0 0.0 

14 4205 4205 0.0 0.0 

15 432.1 432.1 0.0 0.0 

16 428.8 42BJ 0.0 0.0 

17 4165 0X1 4165 182.4 598.9 

18 351.3 OX) 351.3 182.4 533.7 

19 291.9 OX) 291X4 182.4 474.3 

20 272X1 OX) 27£0 182.4 454.4 

21 247.4 OX) 247.4 182.4 429.8 

22 2125 OX) 2125 182.4 394.9 

23 186.7 0X1 188.7 182.4 371.1 

24 175.2 0-0 175.2 182.4 357.6 

TOTALS 6,388.0 2.917.9 3,470.1 2,917.9        MAX =          598.9 
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Cooling On O« Required Required 

Load Paak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 227.8 0.0 227.6 228.4 456.0 

2 219.3 0.0 219.3 228.4 447.7 

3 207.6 0.0 207.6 228.4 436.0 

4 199.4 0.0 189.4 228.4 427.8 

5 199.4 0.0 199.4 228.4 427.8 

6 248-2 0.0 249.2 228.4 477.6 

7 321.1 0.0 321.1 228.4 5495 

8 3365 05 336.5 226.4 564.« 

g 343.7 343.7 0.0 0.0 

10 383.2 3832 0.0 0.0 

11 414.1 414.1 0.0 0.0 

12 4443 4443 0.0 0.0 

13 487.7 487.7 0.0 0.0 

14 508.8 506.8 0.0 0.0 

15 537.7 537.7 0.0 0.0 

16 5355 5355 0.0 0.0 

17 506.7 ost 506.7 228.4 735.1 

18 438.8 0X1 439.8 226.4 668.2 

19 378.3 05 378.3 228.4 606.7 

20 345.7 05 345.7 228.4 574.1 

21 319.7 0.0 319.7 228.4 548.1 

22 296.4 0X1 296.4 228.4 524.8 

23 273.1 0X1 273.1 228.4 5015 

24 247.9 OXt 247.9 228.4 476.3 

TOTALS 8,422.7 3,655X1 4,767.7 3,655.0          MAX =           735.1 

Cooing On Off Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 254.9 OX) 2545 2402 495.1 

2 2364 0X1 238.8 2402 4785 

3 229.2 0X> 229.2 2402 469.4 

4 2215 0.0 221.5 240.2 461.7 

5 222X1 0X1 222.0 2402 462.2 

6 2895 0.0 269.6 2402 509.8 

7 344.4 0X1 344.4 240.2 584.6 

8 357.7 05 357.7 2402 5975 

8 3785 3765 0.0 05 

10 401.4 401.4 0.0 0.0 

11 428X1 4265 0.0 05 

12 4735 4735 0.0 0.0 

13 5162 5162 0.0 05 

14 537.3 5373 0.0 05 

15 5605 5605 0.0 0.0 

16 5465 5465 0.0 0.0 

17 534.4 05 534.4 240.2 774.6 

18 4675 0X1 4675 240.2 7075 

19 3905 0.0 3905 2402 6305 

20 3725 05 372.5 2402 612.7 

21 335.7 05 335.7 2402 5755 

22 311.2 05 311.2 2402 551.4 

23 2903 05 2903 2402 5305 

24 264.7 0.0 264.7 240.2 5045 

TOTALS 8>47.6 3,842.5 
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Cooling On cm Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hre) (Ton-Hre) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 2SS.6 0.0 258.6 241.4 500.0 

2 239.9 0.0 239.6 241.4 481.3 

3 2312 0X1 231.3 241.4 472.7 

4 223.2 0.0 223.2 241.4 464.6 

5 212.7 0.0 212.7 241.4 454.1 

6 287.4 OX 267.4 241.4 508.8 

7 344.7 OX 344.7 241.4 586.1 

a 358.1 OX 358.1 241.4 599.5 

s 378.1 378.1 0.0 0.0 

10 403.8 403.8 OX 0.0 

11 433.7 433.7 OX 0.0 

12 478 JO 478 X OX 0.0 

13 505.7 505.7 OX 0.0 

14 541.8 541.9 OX 0.0 

15 553.8 553.9 OX OX 

16 564.7 564.7 0.0 OX 

17 556-8 OX 556.9 241.4 788.3 

18 471 a 0.0 471X 241.4 713.3 

19 407.2 OX 407.2 241.4 648.6 

20 37S-7 OX 375.7 241.4 617.1 

21 352.4 OX 352.4 241.4 593.8 

22 314.1 OX 314.1 241.4 555.5 

23 2915 OX 281.5 241.4 532.9 

24 278.7 OX 278.7 241.4 520.1 

TOTALS 8,046.1 3,861.8 5,184.3 3,861.8          MAX >           798.3 

SEPTEMBER 

Cooing On Off Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hre] (Ton-Hrs) (Ton-Hre) (Ton-Hrs) (Tons) 

1 204.1 OX 204.1 205.5 409.6 

2 1855 0.0 185.5 205.5 391.0 

3 1765 OX 176.5 2055 382.0 

4 168.2 OX 168.2 2055 373.7 

5 166.9 OX 166.9 205.5 372.4 

6 212X OX 212.6 205.5 418.1 

7 262.7 OX 282.7 205.5 488.2 

8 296X OX 296.9 2055 502.4 

8 318.2 318.2 0.0 0.0 

10 342.4 342.4 0.0 0.0 

11 372.4 372.4 0.0 OX 

12 401.6 401X OX ox 
13 4435 4435 0.0 0.0 

14 464.7 464.7 0.0 0.0 

15 474J6 474.6 0.0 0.0 

16 470.8 470.8 0.0 ox 
17 457.2 OX 457.2 2055 662.7 

18 398.7 OX 399.7 2055 605.2 

19 341 a 0.0 341.9 2055 547.4 

20 312.7 OX 312.7 2055 518.2 

21 288.8 0.0 288.8 205.5 494.3 

22 25&4 OX 253.4 2055 458.9 

23 232J ox 232.8 2055 438.3 

24 209 J6 ox 209.6 2055 415.1 

TOTALS 7.477.7 3^88.2 4,189.5 3,288.2          MAX =           662.7 
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Cooling On Oft Required Required 

Load Peak Peak Storage Chiller 
Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 68.8 0.0 68.8 100.2 169.0 

2 60.0 0.0 60.0 100.2 160.2 

3 55.8 0.0 55.8 100.2 156.0 

4 52.8 0.0 52.8 100.2 153.0 

5 52.8 0.0 52.6 100.2 1528 

6 73.8 05 73.8 100.2 174.0 

7 109.1 0.0 109.1 100.2 209.3 

8 117.3 0.0 117.3 100.2 217.5 

S 130.4 130.4 0.0 0.0 

10 147.4 147.4 0.0 0.0 
11 171.8 171 5 0.0 0.0 

12 202.1 202.1 0.0 0.0 

13 222.8 gy?« 0.0 0.0 

14 238.1 238.1 0.0 0.0 

15 246.6 2465 0.0 0.0 
16 243.5 2435 0.0 0.0 

17 2325 0X1 232.5 100.2 332.7 

16 183.7 0X> 163.7 100.2 283.9 

19 137.2 05 137.2 100.2 237.4 
20 113.3 0X1 113.3 100.2 2135 

21 945 0X1 84.3 100.2 1945 

22 785 0X1 785 100.2 178.7 

23 68.3 0X1 68.3 100.2 1665 

24 615 0X1 61.3 100.2 1615 

TOTALS 3,162.0 1,602-7 1,559.3 1,602.7         MAX =          332.7 

NOVEMBER 

Cooling On OH Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hre) (Ton-Hre) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 55.8 OX) 55.8 87.0 142.8 
2 53.1 0X1 53.1 87.0 140.1 

3 51.1 0X1 51.1 875 138.1 

4 48.3 0X1 48.3 87.0 135.3 

5 47.2 0X1 47.2 875 134.2 

6 46.9 0X1 46.9 875 133.9 

7 67.0 0X1 67.0 87.0 154.0 

8 104.9 0X1 104.9 87.0 1915 

9 1145 114X> 0.0 0.0 

10 125.7 125.7 0.0 0.0 

11 1455 1455 0.0 0.0 

12 173.7 173.7 0.0 0.0 

13 194.3 1945 0.0 0.0 

14 2085 2085 0.0 0.0 

15 216.0 2165 0.0 05 
16 214.2 2142 0.0 05 

17 201.6 0X> 201.6 875 288.6 

18 1925 OX) 192.8 87.0 279.8 

19 1365 0X1 136.8 87.0 223.8 
20 875 0X1 87.5 87.0 174.5 

21 755 0X1 755 875 162.3 

22 64.9 0X1 64.9 87.0 1515 

23 60.4 OX) 60.4 67.0 147.4 

24 55.9 OX) 55.9 87.0 142.9 

TOTALS 2,741.7 1,3922 1,349.5 1.3922          MAX =           288.6 
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7 HOUR ON-PEAK PERIOD (10 AM - 5 PM) 

Cooling On OH Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hns) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 87.2 0X1 87.2 113.01 200.2 

2 81.4 0X1 81.4 113.01 194.4 

3 78.8 OX) 76.6 113.01 189.6 

4 71.6 0X1 71.6 113.01 184.6 

S 71.4 0X1 71.4 113.01 184.4 

e 1024 0X1 102.9 113.01 215.9 

7 160.6 0X1 160.6 113.01 273.6 

8 186.2 0X1 186.2 113.01 299.2 

g 205.4 0X1 205.4 113.01 318.4 

10 213.1 213.1 0.0 0.0 

11 244.5 2445 0.0 0.0 

12 266.1 266.1 0.0 0.0 

13 263.6 2833 0.0 0.0 

14 298.9 298.0 0.0 0.0 

15 307.9 307.9 0.0 0.0 

16 307.0 307X) 0.0 0.0 

17 299.6 0X1 299.6 113.01 412.6 

18 245.6 0X1 245.6 113.01 358.6 

19 197.1 0X1 197.1 113.01 310.1 

20 184.1 0X1 184.1 113.01 297.1 

21 156X1 0X1 156.0 113.01 269.0 

22 1353 0X1 135.8 113.01 248.9 

23 1173 0X1 117.8 113.01 230.8 

24 1073 0X1 107.8 113.01 220.8 

TOTALS 4,408-3 1,821.1 2,487.2 1,921.1          MAX=          412.6 

Cooling On OH Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrc) (Ton-Hre) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 1525 0X1 152.9 155.9 308.8 

2 146.0 0X1 146.0 155.9 301.9 

3 1253 OX) 125.8 155.9 281.7 

4 116.1 OX) 116.1 155.9 272.0 

5 115.5 0X1 115.5 155.9 271.4 

6 1673 0X1 167.3 155.9 323.2 

7 2425 OX) 242.5 155.9 398.4 

S 2485 OX) 248.5 155.9 404.4 

9 268X1 0.0 26S.0 155.9 423.9 

10 2935 2935 0.0 0.0 

11 323.1 323.1 0.0 0.0 

12 354.2 354.2 0.0 0.0 

13 397.7 387.7 0.0 0.0 

14 4205 4205 0.0 0.0 

15 432.1 432.1 0.0 0.0 

16 428.8 4283 0.0 0.0 

17 4165 OX) 416.5 155.9 572.4 
18 3513 OX) 351.3 155.9 507.2 
19 2915 OX) 291.9 155.9 447.8 
20 272X1 OX) 272.0 155.9 427.9 

21 247.4 OX) 247.4 155.9 403.3 
22 2125 0X1 212.5 155.9 368.4 
23 188.7 OX) 188.7 155.9 344.6 
24 175.2 0X1 175.2 155.9 331.1 

TOTALS 6,388X1 2,649.9 3,738.1 2,649.9        MAX =          572.4 
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Cooling On Off Required 

Load Peak Peak Storage 

(Ton-Hrs) (Ton-Hrs) (Ton-Hrs) {Ton-Hrs) 

227.6 0.0 227.6 194.8 

219.3 0.0 218.3 194.8 

207.6 0.0 207.6 194.8 

198.4 0.0 188.4 194.8 

199.4 0.0 199.4 184.8 

249.2 0.0 249.2 194.8 

321.1 0.0 321.1 184.8 

336.5 0.0 336.5 184.6 

343.7 0.0 343.7 184.8 

383.2 383.2 0.0 

414.1 414.1 0.0 

444.3 444.3 0.0 

487.7 487.7 0.0 

508.8 508.8 0.0 

537.7 537.7 0.0 

535.5 535.5 0.0 

506.7 0.0 506.7 184.8 

438.8 0.0 439.6 194.8 

378.3 0.0 378.3 184.8 

345.7 0.0 345.7 194.8 

319.7 0.0 319.7 184.8 

296.4 0.0 296.4 184.8 

273.1 0.0 273.1 184.8 

247.8 0.0 247.9 184X1 

Required 
Chiller 
(Tons) 

1 
2 
3 
4 
5 
8 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

422.4 
414.1 
402.4 
394.2 
394.2 
444.0 
515.9 
5313 
538.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

701.5 
634.6 
573.1 
540.5 
514.5 
491.2 
467.8 
442.7 

8,422.7 5,111.4 701.5 

Cooling On OH Required Required 

toad Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 254.9 0.0 254X4 203X1 458.7 

2 238.8 0.0 238.8 203X1 442.6 

3 229.2 0X1 229.2 203.8 433.0 

4 221.5 0.0 221.5 203.8 425.3 

5 222.0 0.0 222.0 203X1 425.8 

6 269.6 0.0 269.6 203X1 473.4 

7 344.4 0.0 344.4 203X1 548.2 

8 357.7 0.0 357.7 203J 561.5 

8 378.6 0.0 378X1 203X1 582.4 

10 401.4 401.4 0.0 0.0 

11 428.0 428.0 0.0 0.0 

12 473.6 473.6 0.0 0.0 

13 516.2 516.2 0.0 0.0 

14 537.3 537.3 0.0 0.0 

15 560.6 560.6 0.0 0.0 

16 546.8 546.8 0.0 0.0 

17 534.4 0.0 534.4 203.8 738.2 

18 467.6 0.0 467Xi 203X< 671.4 

18 390.6 0.0 390X1 203X1 594.4 

20 372.5 0.0 372.5 203X1 576.3 

21 335.7 0.0 335.7 203.8 539.5 

22 311.2 0X1 311.2 203X1 515.0 

23 290.3 0.0 290.3 203.8 494.1 

24 2S4.7 0X1 264.7 203X1 4685 

TOTALS 5,483.7 MAX: 738.2 
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Cooling On Off Required Requited 

Load Puk Peak Storage Chffler 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 258.6 0.0 258.6 £04.9 463.5 

2 239.0 0.0 239.9 204.9 444.8 

3 231.3 0.0 231.3 204.9 436.2 

4 223.2 0.0 223.2 204.9 428.1 

5 212.7 0.0 212.7 204.9 417.6 

6 2S7.4 0.0 267.4 204.9 4723 

7 344.7 0.0 344.7 204.9 549.6 

a 3SS.1 0X1 358.1 204.9 S63X) 

9 379.1 0.0 379.1 204.9 564.0 

10 4032 403.8 0.0 OX) 

11 433.7 433.7 0.0 OXI 

12 479.0 4792 0.0 OX) 

13 505.7 505.7 0.0 OX) 

14 541 2 5412 0.0 0X1 

15 5532 5532 0.0 OX) 

16 564.7 564.7 0.0 OX) 

17 5562 0.0 556.9 204.9 7612 

16 4712 0X1 471.9 204.9 6762 

19 407.2 OX) 407.2 204.8 612.1 

20 375.7 OX) 375.7 204.9 580.6 

21 352.4 OX) 352.4 204.9 5572 

22 314.1 OX) 314.1 204X4 518.0 

23 2912 0X> 2912 204X4 496.4 

24 278.7 OXI 278.7 204X4 4S3X< 

TOTALS 9,046.1 3,482.7 5,563.4 3,482.7         MAX =          761JB 

SEPTEMBER 

Goofing On Off Required Required 

Load Peak Peak Storage Chater 

Hour (Ton-Hrs) (Ton-Hrs! (Ton-Hrs) (Ton-Hrs) (Tons) 

1 204.1 02 204.1 174.7 3782 

2 1652 02 185.5 174.7 3602 

3 1762 02 176.5 174.7 351.2 

4 168.2 02 168.2 174.7 3422 

5 166X4 02 166.9 174.7 3412 

6 2122 02 212.6 174.7 3872 

7 282.7 02 2827 174.7 457.4 

8 296X4 02 296.9 174.7 4712 

9 318.2 02 318.2 174.7 4922 

10 342.4 342.4 0.0 02 

11 372.4 372.4 0.0 02 

12 4012 4012 0.0 02 

13 4432 4432 0.0 02 

14 464.7 464.7 0.0 02 

15 4742 4742 0.0 02 

16 4702 4702 0.0 02 

17 457.2 02 457.2 174.7 6312 

16 399.7 02 399.7 174.7 574.4 

19 341X4 0.0 341.9 174.7 5162 

20 312.7 0.0 3127 174.7 487.4 

21 2682 0.0 288.8 174.7 4632 

22 253.4 02 253.4 174.7 428.1 

23 2322 02 232.8 174.7 4072 

24 2092 02 209.6 174.7 3642 

TOTALS 7.477.7 2.S702 4,507.7 2,970.0         MAX =           6312 
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Cooling On Off Required Required 

Load Puk Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hre) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 68 8 0.0 6S.S 86.6 155.4 

2 60.0 04 60.0 86.6 146.6 

3 55.8 0.0 55.8 66.6 142.4 

4 5Z8 0.0 52.8 86.6 139.4 

5 52.6 0.0 52.6 86.6 139.2 

6 73.8 0.0 73.8 86.6 160.4 

7 109.1 0.0 109.1 66.6 195.7 

8 117.3 0X1 117.3 66.6 203.8 

9 130.4 ox 130.4 66.6 217.0 

10 147.4 147.4 0.0 0.0 

11 171 4 171.8 0.0 0.0 

12 202.1 202.1 0.0 0.0 

13 222.8 2224 0.0 0.0 

14 238.1 238.1 0.0 0.0 

15 24S.6 246.8 0.0 0.0 

16 243.5 2434 0.0 0.0 

17 2324 0X1 2324 86.6 319.1 

18 183.7 OX 183.7 664 270.3 

19 137.2 0X> 137.2 66.6 223.8 

20 113.3 OX) 113.3 864 1S9.9 

21 94.3 0X1 94.3 86.6 180.9 

22 785 OX) 78.5 864 165.1 

23 68.3 OX) 68.3 864 154.9 

24 613 OX) 61.3 864 147.9 

TOTALS 3,162.0 1,472-3 1,689.7 1,4723         MAX m          319.1 

NOVEMBER 

Cooling On Off Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hre) (Ton-Hre) (Ton-Hre) (Ton-Hre) (Tons) 

1 554 04 55.8 752 131.0 

2 53.1 04 53.1 752 1284 

3 51.1 04 51.1 752 126.3 

4 48.3 04 48.3 75.2 123.5 

5 47.2 04 47.2 752 122.4 

6 46.9 04 46.9 752 122.1 
7 67.0 04 67.0 752 14^2 

6 1044 04 104.9 752 180.1 

9 114.0 04 114.0 752 1892 

10 125.7 125.7 0.0 0.0 

11 1454 1454 0.0 0.0 

12 173.7 1717 0.0 0.0 

13 1943 1944 0.0 0.0 

14 2084 2064 0.0 0.0 

15 216.0 2164 0.0 0.0 
16 2142 2142 0.0 0.0 

17 2014 04 201.6 752 276.8 

18 1924 04 192.8 752 266.0 

19 1364 04 136.8 75.2 212.0 
20 874 04 87.5 75.2 162.7 

21 75.3 04 75.3 752 150.5 

22 644 04 64.9 752 140.1 

23 60.4 04 60.4 752 135.6 

24 554 04 55.9 752 131.1 

TOTALS 2,741.7 1278-2 1,463.5 12782         MAX =          276.8 
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6 HOUR ON-PEAK PERIOD (11 AM - 5 PM) 

Cooling O 0« Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Too-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 87.2 OX) 87.2 94.69 182.1 

2 81.4 OX 81.4 94.89 176.3 

3 76.6 0.0 76.6 94.69 171.5 

4 71.6 ox 71.6 94.89 166.5 

5 71.4 OX 71.4 94.89 166.3 

6 102X ox 102.9 94.69 197.8 

7 160.6 OX 160.6 94.89 255.5 

8 186.2 ox 186.2 94.69 261.1 

S 205.4 ox 205.4 94.89 300.3 

10 213.1 ox 213.1 94.89 306.0 

11 244.5 244.5 0.0 0.0 

12 266.1 266.1 0.0 0.0 

13 283.6 283« 0.0 0.0 

14 293.9 296J 0.0 0.0 

15 307.9 307.9 0.0 0.0 

16 307.0 307X 0.0 0.0 

17 299.6 OX 299.6 S4.69 394.5 

16 245.6 OX 245.6 94.89 340.5 

19 197.1 OX 197.1 94.89 292.0 

20 184.1 ox 184.1 94.89 279.0 

21 156.0 OX 156.0 94.88 250.9 

22 135.9 OX 135X 94X9 230.6 

23 117.8 OX 117.8 94.89 212.7 

24 107.8 ox 107.8 94X9 202.7 

TOTALS 4,408.3 1,706-0 2,700.3 1,708.0         MAX=           384.5 

Cooling On OB Required Required 

Load Peek Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 152X OX 152.9 130.9 283.8 

2 146X OX 146.0 130.9 276.9 

3 125.8 OX 125.8 130.9 256.7 

4 116.1 OX 116.1 130.9 247.0 

5 1155 OX 1155 130.9 246.4 

6 167.3 OX 167.3 130.8 298.2 

7 2425 OX 242.5 130.9 373.4 

6 2485 ox 248.5 130.9 379.4 

9 26SX 00 268.0 130.9 398.9 

10 2935 OX 293.5 130.9 424.4 

11 323.1 323.1 0.0 0.0 

12 3542 3542 0.0 0.0 

13 397.7 3S7J OX 0.0 

14 4205 4235 0.0 0.0 

15 432.1 432.1 0.0 ox 
16 426.8 4284 0.0 0.0 

17 4165 OX 416.5 130.9 547.4 

18 3513 OX 351.3 130.9 482.2 

19 291.9 OX 291X 1305 422.8 

20 272X OX 272.0 130.9 402X 

21 247.4 OX 247.4 130.9 378.3 

22 2125 OX 2125 130.9 343.4 

23 188.7 oc 188.7 130.9 319.6 

24 175.2 OX 175.2 130.9 306.1 

TOTALS 6,388.0 2JS6.4 4,031.6 2,356.4        MAX -          S47.4 
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Cooling On O« Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hre) (Ton-Hre) (Ton-Hre) (Ton-Hrs) (Ton») 

1 227.6 0.0 227.8 162.7 3903 

2 219.3 0.0 218.3 162.7 382.0 

3 207.6 0.0 207.6 16Z7 370.3 

4 189.4 0.0 199.4 182.7 382.1 

5 189.4 0.0 199.4 162.7 362.1 

S 249.2 0.0 249.2 162.7 4113 

7 321.1 03 321.1 162.7 483.8 

8 336.5 0.0 3385 162.7 488.2 

B 343.7 0.0 343.7 162.7 506.4 

10 383.2 0.0 383.2 162.7 545.8 

11 414.1 414.1 0.0 0.0 

12 4443 4443 0.0 03 

13 487.7 487.7 0.0 OX 

14 508.8 508.8 0.0 0.0 

15 537.7 537.7 0.0 0.0 

16 5355 5355 0.0 OX 

17 506.7 0.0 508.7 162.7 669.4 

18 439.8 0.0 439.6 162.7 6025 

18 3783 0.0 378.3 162.7 541.0 

20 345.7 0X1 345.7 162.7 508.4 

21 319.7 0.0 319.7 162.7 462.4 

22 296.4 0.0 296.4 162.7 459.1 

23 273.1 0.0 273.1 162J 4353 

24 247.9 0.0 247.8 162.7 4103 

TOTALS 8,422.7 2,828.1 5,494.6 2,928.1           MAX =           689.4 

Cooling On Off Required Required 

Load Peak Peak Storage Chafer 

Hour (Ton-Hre) (Ton-Hr*) (Ton-Hre) (Ton-Hre) (Ton«) 

1 254.9 03 2543 170.1 4253 

2 2383 03 2385 170.1 4083 

3 229.2 03 229.2 170.1 3993 

4 221.5 0.0 221.5 170.1 391.6 

5 222.0 03 222.0 170.1 392.1 

6 269.6 0.0 269.6 170.1 439.7 

7 344.4 03 344.4 170.1 5145 

8 357.7 03 357.7 170.1 5273 

8 378.6 03 378.6 170.1 548.7 

10 401.4 03 401.4 170.1 5715 

11 428.0 428.0 0.0 03 

12 473.6 4735 03 03 

13 516.2 516.2 0.0 03 

14 5373 5373 0.0 03 

15 560.6 5605 0.0 03 

16 5463 5463 0.0 03 

17 534.4 03 534.4 170.1 7045 

18 467.6 03 467.6 170.1 637.7 

19 390.6 03 390.6 170.1 560.7 

20 3725 03 3725 170.1 54i6 

21 335.7 03 335.7 170.1 5055 

22 311.2 03 311.2 170.1 4613 

23 290.3 03 290.3 170.1 460.4 

24 264.7 03 264.7 170.1 4345 

TOTALS 8,947.6 3,062.5 9,885.1 3,0625          MAX =           704.5 
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Cooling On Off Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 258.6 0.0 258.6 171.1 429.7 

2 239.8 0.0 239.9 171.1 411.0 

3 231.3 0.0 231.3 171.1 402.4 

4 223.2 0.0 223.2 171.1 394.3 

5 212.7 0.0 212.7 171.1 383.8 

6 267.4 0.0 267.4 171.1 438.5 

7 344.7 0.0 344.7 171.1 515.8 

8 358.1 0.0 358.1 171.1 529.2 

9 379.1 0.0 379.1 171.1 550.2 

10 403.8 0.0 403.8 171.1 574.9 

11 433.7 433.7 0.0 0.0 

12 479.0 479.0 0.0 0.0 

13 505.7 505.7 0.0 0.0 

14 541.9 541.9 0.0 0.0 

15 553.9 5534 0.0 0.0 

16 564.7 564.7 0.0 0.0 

17 556.9 0.0 556.9 171.1 728.0 

18 471 a 0.0 4714 171.1 643.0 

19 407.2 0.0 407.2 171.1 578.3 

20 375.7 0.0 375.7 171.1 546.8 

21 35Z4 0.0 352.4 171.1 523.5 

22 314.1 0.0 314.1 171.1 485.2 

23 291.5 0.0 291.5 171.1 462.8 

24 278.7 0.0 278.7 171.1 449.8 

TOTALS 9,046.1 3,078.9 5,967.2 3,078.9         MAX =          728.0 

SEPTEMBER 

Cooling On Off Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 204.1 0.0 204.1 146.0 350.1 

2 185.5 0.0 185.5 146.0 3315 

3 1765 0.0 176.5 146.0 322.5 

4 168.2 0.0 168.2 146.0 314.2 

5 1664 0.0 166.9 146.0 312.9 

6 212.6 0.0 212.6 146.0 358.6 

7 262.7 0.0 282.7 14S.0 428.7 

8 2964 0.0 296.9 146.0 4424 

9 318.2 OX) .318.2     - 146.0 464.2 

10 342.4 •   0.0 342.4 146.0 488.4 

11 37£4 372.4 0.0 0.0 

12 401.6 401.6 0.0 0.0 

13 4435 443.5 0.0 0.0 

14 464.7 464.7 0.0 0.0 

15 474.6 474.6 " 0.0 0.0 

16 4705 470.8 0.0 0.0 

17 457.2 0.0 457.2 146.0 603.2 

18 399.7 0.0 399.7 146.0 545.7 

19 3414 0.0 341.9 146.0 4874 

20 312.7 0.0 312.7 146.0 458.7 

21 288.8 0.0 288.8 146.0 434.8 

22 253.4 0.0 253.4 146.0 399.4 
23 232.6 0.0 232.8 146.0 3785 

24 209.6 0.0 209.6 146.0 355.6 

TOTALS 7,477.7 2,627.6 4,850.1 2,627.6          MAX =           603.2 
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Cooling On 0« Required Required 

Load Peak Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hr«) (Ton-Hr») (Ton-Hrs) (Ton») 

1 68.8 0.0 68.8 73.6 14£4 

2 60.0 0.0 60.0 73.6 133.6 

3 55.8 0.0 55.8 73.6 129.4 

4 52.8 0.0 52.8 73.6 126.4 

5 52.6 0.0 52.6 73.6 126.2 

6 73.8 05 73.8 73.6 147.4 

7 109.1 OJO 109.1 73.6 182.7 

8 117.3 0.0 117.3 73.6 190.9 

9 130.4 0.0 130.4 73.6 204.0 

10 147.4 05 147.4 73.6 221.0 

11 171.8 171.8 0.0 0.0 

12 202.1 202.1 0.0 0.0 

13 222-8 2225 0.0 0.0 

14 238.1 238.1 0.0 0.0 

15 246.6 246-6 0.0 0.0 

16 243.5 2435 0.0 0.0 

17 2325 05 232.5 73.8 306.1 

18 183.7 0J0 163.7 73.6 257.3 

19 137.2 OJ0 137.2 73.6 210.8 

20 113.3 OJO 113.3 735 166.9 

21 84.3 OJO 94.3 73.6 167.9 

22 785 0X1 78.5 73.6 152.1 

23 683 0X1 68.3 73.6 141.9 

24 613 0X1 613 73.6 134X4 

TOTALS 3.162.0 1.324.8 1,837.1 1324.9         MAX=          306.1 

Cooling On Off Required Required 

Load Peek Peak Storage Chiller 

Hour (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Ton-Hrs) (Tons) 

1 555 05 555 64.0 119.8 

2 53.1 05 53.1 64.0 117.1 

3 51.1 05 51.1 64.0 115.1 

4 48.3 05 48.3 64.0 112.3 

5 47.2 05 47.2 64.0 111.2 

6 46.9 05 46.9 64.0 110.9 

7 675 05 67.0 64.0 131.0 

8 1045 05 104.9 64.0 168.9 

9 1145 05 114.0 64.0 178.0 

10 125.7 05 125.7 64.0 189.7 

11 145.8 1455 0.0 0.0 

12 173.7 173.7 0.0 0.0 

13 1943 1943 0.0 0.0 

14 2085 2085 0.0 0.0 

15 216.0 2165 0.0 0.0 

16 214.2 214.2 05 0.0 

17 201.6 05 201.6 64.0 265.6 

18 1925 05 192.8 64.0 256.8 

19 1365 05 1365 64.0 200.8 

20 87.5 05 87.5 64.0 151.5 

21 753 05 75.3 64.0 1393 

22 645 05 64.9 64.0 1285 

23 60.4 05 60.4 64.0 124.4 

24 555 0.0 55.9 64.0 119.9 

TOTALS 2,741.7 1.152J 1,589.2 1,152.5          MAX=           265.6 
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APPENDIX 4G 

TRANE TRACE OUTPUT FOR CHILLER OPERATING KW 
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Trane Air Conditioning Economics 

By I ENGINEERING RESOURCE GROUP, INC. 

V^PAS! 

IPMENT ENERGY CONSUMPTION 

ELINE MODEL 

ALTERNATIVE 1 

V 600 

PAGE 

EQUIPMENT   ENERGY   CONSUMPTION 

Ref Equip 

Nu» Code 

0 LIGHTS 

ELEC 

PK 

1 MISC LD 

ELEC 

PK 

2 MISC LD 

GAS 

PK 

3 MISC IJ> 

OIL 

PK 

) MISC LD 

P STEAM 

PK 

S MISC LD 

P HOTH20 

PK 

6 MISC LD 

P CHILL 

PK 

Apr 

- Monthly Consunption 

May   June   July Aug Sep Dec 

97029   87721  101425   93220   99227   97590   94858  101425   93220   99227   93168   94858 

279.4   279.4   279.4   279.4   279.4   279.4   279.4   279.4   279.4   279.4   279.4   279.4 

6095    5513    6246    5890    6170    6027    6034    6246    5890    6170    5861    6034 

14.7    14.7    14.7    14.7    14.7    14.7    14.7    14.7    14.7    14.7    14.7    14.7 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

-  0 

0.0 

0 

0.0 

0 

0.0 

0 

o.o 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

Total 

1,152,968 

279.4 

72,176 

14.7 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

ELEC 

PK 

BASE UTILITY 

37200   33600   37200   36000   37200  36000   37200   37200   36000   37200   36000   37200 

50.0    50.0    50.0    50.0    50.0    50.0    SCO    50.0    50.0    50.0    50.0    50.0 

438,000 

50.0 

BOTLD 1284 

PK 1.7 

1 EQ1008L 

ELEC '  35635 

PK 86.7 

1 EQ5100 

ELEC 7295 

1 PK 19.9 

1 EQ5100 

WATER 184 

PK 0.5 

BASE UTILITY 

1160    1284    1243    1284    1243    1284    1284    1243    1284    1243    1284 

1.7     1.7     1.7     1.7     1.7     1.7     1.7     1.7     1.7     1.7     1.7 

3-STG CTV >200 TONS 

31748   45542 

88.3   156.5 

75875   61511   60038   66725   68388   54813   54626   45044 

176.6   177.5   190.3   194.6   193.8   179.4   168.6   155.0 

COOLING TOWER 

4278   12186   14317   10480 

19.9    19.9    19.9    19.9 

COOLING TOWER 

163     247     401 

0.5     0.8     0.9 

37962 

108.7 

322 301 329 335 282 296 242 200 

0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.6 

15,123 

1.7 

637,90S 

194.6 

7755 8014 8014 8352 14795 13435 98S4 118,775 

19.9 19.9 19.9 19.9 19.9 19.9 19.9 19.9 

3,303 

0.9 
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Trane Air Conditioning Economic« 

By: ENGINEERING RESOURCE GROUP, INC. 

•EQI 

BJC 

■UIPMENT  ENERGY  CONSUMPTION 

BASELINE   MODEL 

1     EQ5001 

ELEC 

PK 

ALTERNATIVE   1 

CHILLED  HATER  PUMP   C.V. 

36987        33407        36987        35794        26199 

49.7 49.7 49.7 49.7 49.7 

V 600 

PAGE   2 

19388 20035 20035 20880 36987 357S4 36987 359,478 

49.7 49.7 49.7 49.7 49.7 49.7 49.7 49.7 

1  EQ5010 

ELEC 

PK 

CONDENSER HATER PUMP C.V. 

14795   13363   14795   14317   10480 

19.9    19.9    19.9    19.9    19.9 

7755 8014 8014 8352 14795 14317 14795 143,791 

19.9 19.9 19.9 19.9 19.9 19.9 19.9 19.9 

EQ5300 

ELEC 

PK 

CONTROL PANEL & INTERLOCK 

744     672     744     720     527 

1.0      1.0     1.0     1.0      1.0 

390 403 403 420 744 720 744 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 

7,231 

1.0 

2  EQ1008L 

ELEC 

PK 

3-STG CTV >200 TONS 

0        0       0 

0.0      0.0     0.0 

4941   4S683   82744   89876   93612   67028       0       0 

187.9   232.0   246.9   251.7   253.0   239.8   139.5     0.0 

0 

0.0 

383,883 

253.0 

2  EQ5100 

ELEC 

PK 

COOLING TOWER 

0        0       0    3480 

0.0     0.0     0.0    24.9 

7258   11434   12329   12901   10191       0       0       0 

24.9    24.9    24.9    24.9    24.9    24.9     0.0     0.0 

57,593 

24.9 

2  EQ5100 

HATER 

PK 

COOLING TOWER 

0        0       0      20 

0.0     0.0     0.0     1.2 

269 461 495 512 382 0 0 0 

1.4 1.4 1.4 1.4 1.4 0.9 0.0 0.0 

2,139 

1.4 

2  EQ5001 

ELEC 

PK 

0 

0.0 

CHILLED WATER PUMP C.V. 

0      0    5568   11613   18613   19925  20641   16306       0       0 

0.0     0.0    39.8    39.8    39.8    39.8    39.8    39.8    39.8     0.0 

0 

0.0 

92,666 

39.8 

2  EQ5010 

ELEC 

PK 

0 

0.0 

CONDENSER WATER POMP  C.V. 

0 0 3480 7258        11633        12453        12901        10191 0 0 0 

0.0 0.0 24.9 24.9 24.9 24.9 24.9 24.9 24.9 0.0 0.0 

57,916 

24.9 

2 EQ5300 

ELEC 

PK 

3 EQ1008L 

ELEC 

PK 

3  EQS100 

ELEC 

PK 

CONTROL PANEL t   INTERLOCK 

0 0      0 140 292 468 501 519 410 0 0 0 

0.0 0.0     0.0     1.0 

3-STG CTV >200 TONS 

1.0 1.0 1.0 1.0 1.0 1.0 0.0 0.0 

0 0       0 0 0 34 115 0 36 0 0 0 

0.0 0.0     0.0 0.0 0.0 35.7 37.8 0.0 33.5 0.0 0.0 0.0 

COOLING TOWER 

0 0       0 0 1750 4057 4454 4S91 2088 0 0 0 

0.0 0.0     0.0 0.0 19.9 19.9 19.9 19.9 19.9 0.0 0.0 0.0 

2,330 

1.0 

185 

37.8 

17,340 

19.9 

3  EQ5100 

WATER 

PK 

0 

0.0 

COOLING TOWER 

0        0 

0.0     0.0 

0 

0.0 

4 

0.3 

61      77 

0.7     0.8 

97 

0.8 

22 

0.4 

0 

0.0 

0 

0.0 

0 

0.0 

261 

0.8 

3  EQ5001 

ELEC 

PK 

0 

0.0 

CHILLED WATER PUMP   C.V. 
00000000000 

0.0     0.0     0.0     0.0     0.0     0.0     0.0     0.0     0.0     0.0     0.0 

0 

0.0 

3  EQ5010 

ELEC 

PK 

CONDENSER WATER PUMP C.V. 

0        0        0        0        0 

0.0     0.0     0.0     0.0     0.0 

398 616 0 99 0 0 0 

19.9 19.9 19.9 19.9 19.9 0.0 0.0 
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Trans Air Conditioning Economic« 

By: ENGINEERING RESOURCE GROUP, INC. 

V  €00 

PAGE        3 

tOIPMENT  ENERGY CONSUMPTION   -  ALTERNATIVE   1 

SELINE  MODEL 

3     EQ5300 CONTROL  PANEL  (.   INTERLOCK 

ELEC 0 0 0 0 0 

PK 0.0 0.0 0.0 0.0 0.0 

20 

1.0 

31 

1.0 

0 

1.0 

5 

1.0 

0 

1.0 

0 

0.0 

0 

0.0 

56 

1.0 

1 EO4003 

ELEC 

PK 

1 EQ4003 

ELEC 

PK 

1 EQ4002 

ELEC 

PK 

2 EQ4003 

ELEC 

PK 

2 EQ4003 

ELEC 

6912 7142 7142 6912 7142 6912 7142 84,096 

9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 

4.0 

FC CENTRIF. FAN C.V. 

7142    6451    7142    6912    7142 

9.6     9.6     9.6     9.6     9.6 

FC CENTRIF. FAN C.V. 

2971    2683    2971    2875    2971    2875    2971    2971    2875    2971    2875    2971 

4.0     4.0     4.0     4.0     4.0     4.0     4.0     4.0     4.0     4.0     4.0 

BI CENTRIF. FAN C.V. 

74      67      74     72      74 

0.1     0.1     0.1     0.1     0.1 

FC CENTRIF. FAN C.V. 

16740   15120   16740   16200   16740   16200   16740   16740   16200   16740   16200   16740 

22.5    22.5    22.5   22.5    22.5   22.5    22.5    22.5    22.5    22.5    22.5    22.5 

72 74 74 72 74 72 74 

0.1 0.1 0.1 0.1 0.1 0.1 0.1 

6963 

9.4 

PC CENTRIF. FAN C.V. 

6290    6963   6739    6963    6739    6S63    6963    6739    6963    6739    6963 

9.4     9.4     9.4     9.4     9.4     9.4 .   9.4     9.4     9.4     9.4     9.4 

34,975 

4.0 

874 

0.1 

197,100 

22.5 

81,989 

9.4 

EQ4002 

ELEC 

BI CENTRIF. FAN C.V. 

74      67     74     72      74 

0.1     0.1     0.1     0.1     0.1 

72 74 74 72 74 72 74 

0.1 0.1 0.1 0.1 0.1 0.1 0.1 

872 

0.1 

3 EQ4001 

ELEC 

PK 

3 EQ4002 

ELEC 

PK 

4 EQ4001 

ELEC 

PK 

5 EQ4003 

ELEC 

PK 

5 EQ4003 

ELEC 

PK 

5 EQ4002 

ELEC 

1 PK 

6 EQ4003 

ELEC 

PK 

287 296 296 287 ■29« 287 296 3,490 

0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

AIRFOIL CENTRIF. FAN C.V. 

25817   23318   25817   24984   25817   24984   25817   25817   24984   25817   24984   25817 

34.7    34.7    34.7    34.7    34.7    34.7    34.7    34.7    34.7    34.7    34.7    34.7 

BI CENTRIF. FAN C.V. 

296     268     296     287     296 

0.4     0.4     0.4     0.4     0.4 

AIRFOIL CENTRIF. FAN C.V. 

23659   21370   23659   22896 23659 22896 23659 23659 22896 23659 22896 23659 

31.8    31.8    31.8    31.8 31.8 31.8 31.8 31.8 31.8 31.8 31.8 31.8 

FC CENTRIF. FAN C.V. 

20311   18346   20311   19656 20311 19656 20311 20311 19656 20311 19656 20311 

27.3    27.3    27.3    27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3 

FC CENTRIF. FAN C.V. 

9427    8515    9427    9123 9427 9123 9427 9427 9123 9427 9123 9427 

12.7    12.7    12.7    12.7 12.7 12.7 12.7 12.7 12.7 12.7 12.7 12.7 

BI CENTRIF. FAN C.V. 

2470    2231    2470    2390 

3.3     3.3     3.3     3.3 

FC CENTRIF. FAN C.V. 

7589    6854    7589    7344 

10.2    10.2    10.2    10.2 

303,972 

34.7 

278,568 

31.8 

239,148 

27.3 

111,001 

12.7 

2470 2390 2470 2470 2390 2470 2390 2470 29,081 

3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 

7589 7344 7589 7589 7344 7589 7344 7589 89,352 

10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 
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EQUIPMENT ENERGY CONSUMPTION - ALTERNATIVE 1 

ELINE MODEL 

6  EQ4003 PC CENTRIF. FAN C.V. 

ELEC 1785    1612    1785    1727    1785 

PK 2.4     2.4     2.4     2.4     2.4 

V 600 

PAGZ   4 

1727 1785 1785 1727 1785 1727 1785 21,012 

2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 

6 EQ4002 BI CENTRIF. FAN C.V. 

ELEC 3494 3156 3494 3382 3494 3382 3494 3494 3382 3494 3382 3494 

PK 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 

7 EQ4003 FC CENTRIF. FAN C.V. 

ELEC 32066 28963 32066 31032 32066 31032 32066 32066 31032 32066 31032 32066 

PK 43.1 43.1 43.1 43.1 43.1 43.1 43.1 43.1 43.1 43.1 43.1 43.1 

7 EQ4003 FC CENTRIF. FAN C.V. 

ELEC 10025 9054 10025 9701 10025 9701 10025 10025 9701 10025 9701 10024 

PK 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 

7 EQ4002 BI CENTRIF. FAN C.V. 

ELEC 2805 2534 2805 2715 2805 2715 2805 2805 2715 2805 2715 2805 

PK 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 

8 EQ4003 FC CENTRIF. FAN C.V. 

ELEC 19344 17472 19344 18720 19344 18720 19344 19344 18720 19344 18720 19344 

PK 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 _ 26.0 

8 EQ4003 FC CENTRIF. FAN C.V. 

ELEC 6016 5434 6016 5822 6016 5822 6016 6016 5822 6016 5822 6016 

PK 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 

8 EQ4002 BI CENTRIF. FAN C.V. 

ELEC 1695 1531 1695 1640 1695 1640 1695 1695 1640 1695 1640 1695 

PK 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 

1 EQ2O04 GAS WATER TUBE STEAM 

GAS 16459 15400 9170 4243 3322 2744 2870 2904 2896 7126 8576 13262 

PK 34.5 36.7 25.1 13.5 8.9 5.8 5.6 5.5 6.9 22.0 24.8 31.9 

1 EQ5020 HEAT WATER CIRC. POMP c.v. 
ELEC 1981 1789 1981 1917 1981 1917 1981 1981 1917 1981 1917 1981 

PK 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 

1 BQ5240 BOILER FORCED DRAFT FAN 

ELEC 4307 3890 4307 4168 4307 4168 4307 4307 4168 4307 4168 4307 

PK 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 

1 EQ5307 BOILER CONTROLS 

ELEC 372 336 372 360 372 360 372 372 360 372 360 372 

PK 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

1 EQ5062 CONDENSATE RETURN PUMP 

ELEC 2024 1828 2024 1959 2024 1959 2024 2024 1959 2024 1959 2024 

1 PK 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 

1 EQ5406 MAKE-UP WATER 

WATER 22 20 22 22 22 22 22 22 22 22 22 22 

PK 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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41,142 

4.7 

377,556 

43.1 

118,030 

13.5 

33,030 

3.8 

227,760 

26.0 

70,831 

8.1 

19,957 

2.3 

88,973 

36.7 

23,326 

2.7 

50,710 

5.8 

4,380 

0.5 

23,834 

2.7 

263 
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^^BAS] 

JOIPMENT ENERGY CONSUMPTION - ALTERNATIVE 1 

CELINE MODEL 

2  EQ2004 GAS HATER TUBE STEAM 

GAS 0 0       0       0 0 0 0 0 0 0 0 0 

PK 0.0 0.0     0.0     0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2  EQ5020 HEAT WATER CIRC. PUMP c.v. 

KT.KC 0 0        0       0 0 0 0 0 0 0 0 0 

PK 0.0 0.0     0.0     0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2  EQS240 BOILER FORCED DRAFT FAN 

ELEC 0 0        0       0 0 0 0 0 0 0 0 0 

PK 0.0 0.0     0.0     0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2  EQ5307 BOILER CONTROLS 

ELEC 0 0        0        0 0 0 0 0 0 0 0 0 

PK 0.0 0.0     0.0     0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2  EQ5062 CONDENSATE RETURN PUHP 

ELEC 0 0       0       0 0 0 0 0 0 0 0 0 

PK 0.0 0.0     0.0     0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2  EQ5406 MAKE-UP HATER 

HATER 0 0       0       0 0 0 0 0 0 0 0 0 

PK 0.0 0.0     0.0     0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 
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Thermal Energy Storage systems 

November, 1992 

CHILLED WATER STORAGE 
E. Ian Mackie P. Eng. 

Mackie Associates 

INTRODUCTION 

Chilled water storage; operating with only a sensible heat exchange, requiring a 
large storage volume, and totally dependent on secondary coolant temperature 
differentials can be the most cost and energy effective of the current cooling storage 
technologies. In both new and existing systems, chilled water storage can achieve the primary 
aim of leveling the demand of electrically driven cooling and at the same time reduce the first 
cost and energy consumption. 

Typical of most storage concepts, the technology of chilled water storage is being 
enhanced by the demand side management incentives of the electric utilities.   Current 
technology for chilled water storage favors the use of stratified storage. Significant advances 
have come from research sponsored by: Electric Power Research Institute (EPRI), Construction 
Engineering Research Laboratory of the US Army (CERL), Oak Ridge National Laboratory 
(ORNL), American Society of Refrigerating and Air Conditioning Engineers (ASHRAE), and the 
University of New Mexico (UNM). 

This presentation includes; a cursory comparison of the chilled water storage and ice 
storage systems, a brief history of chilled water storage, details of the design of stratified chilled 
water storage, information on system interface and comments on operation. 

BASIC COMPARISONS TO OTHER TYPES OF STORAGE: 

Operational Temperature: 

The initial consideration for selecting the type of storage in a specific application is the 
range of operational temperature. Figure 1 illustrates the approximate discharge temperature 
characteristics of common cool storage systems. Significant variations in the temperature ranges 
occur with changes in storage discharge rates. 

u»ck<« AssociatM\T*»ic3 181 



Discharge 
Temperature fH 40 
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Indirect Ice 

• Direct Ice 

30        40 50 60 70 

Percentage of Storage Discharge 

80 100 

-4— Eutectic 

«-Chilled WaterllscHARGE TEMpERATURES FOR ALTERNATE STORAGE CONCEPTS 

Figure 1 

The curves on the graph of Figure 1 are read from left to right, with the 0% reading being 
the intial discharge temperature. The chilled water discharge temperature is a representahor«of 
stratified storage that operates with a 40'F charging temperature The ^arge begins s..gh«y 
above the charging temperature, rising gradually to about 80% d^charge Above the 80% 
discharge, the temperature rises more steeply as the thermodine exits the tank. 

Use of "Conventional" or existing equipment: 

Chilled water storage systems use standard chillers operating at common chiller 
operating temperatures. Use of this conventional equipment eas^r

des:9"'.,nsta"a*'°"; 
operation, maintenance, and- has the advantage of being able to utittze ".die equ.pment 
capacity in existing installations. 

Energy Consumption: 

Energy consumption of chilled water storage is in the order of 10% less than 
conventional non storage, and 20 to 30% less than ice storage systems The reducfon from the 
non-storage systems is due to minimizing part load operation and to production of cooling load at 
night with lower wet bulb temperatures. Water chillers operate with suction temperatures of 35 F 
to 37°F Ice making equipment operates with suction temperatures ranging from 15 F to 22 K 
This 12;F to 15°F difference in suction temperatures affords a 20 to 30 % energy advantage for 

the chilled water systems. 
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Capital Costs: 

The major element in the cost of chilled water storage is the cost of the storage tank. 
Tank costs depends on the amount of tank surface that is purchased to contain a given volume. 
The relationship between surface and volume is not linear, with much more surface and hence a 
greater unit cost appling to smaller tanks. The cost of tanks also vary with local labor pract.ce 
and with local soil conditions. 

For storage greater than 4500 ton-hours, say 500,000 gal. operating with conventional 
temperature differencials, the capital cost of stratified chilled water storage is approximately S50 
per ton-hour. At this cost, it is possible, in new installations, to purchase partial storage systems 
for a lower first cost than a non storage system. 

Chilled water storage applies readily to increasing the overall output of existing facilities. 
Where a cooling load profile has peaks and valleys, the idje capacity during the valley, charges 
storage. This use to increase capacity of existing plants often costs less than half of the cost of 
new capacity and is the most common application of water storage. 

Large Volume and Dependence on Performance of Secondary Systems: 

Chilled water storage requires a large volume. At conventional temperature differentials, 
water storage requires 12 to 16 cu. ftVton hour. The large volumes and the dependence on the 
water temperature performance of secondary systems result from chilled water storage operating 
with only a sensible heat exchange. 

Calculating stratified chilled water storage capacity involves an integration (or averaging) 
of the temperature difference between coincident tank leaving and entering water temperatures 
over the cycle of storage discharge using the following equation: 

Qst=M„xcx(tb,-tout) 

where 
Qa = cooling capacity in storage 

Mw = weight of the " useful" volume of water in storage 

c- specific heat of water 

t-m = temperature of the water entering the storage during discharge 

tout = temperature of the water exiting the storage during discharge 
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10 
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supply) temperature return) temperature 

Figure 2 

Capacity in the chilled water storage is the "area" between the inlet and outlet 
temperatures as illustrated in Figure 2. Reduction of the storage inlet temperature (secondary 
return) during the storage discharge, reduces the stored cooling capacity. Maintenance of the 
high secondary system return temperatures implies that chilled water storage systems have 
variable flow in secondary pumping and throttling (rather than bypass) control on the secondary 
coils. 

DEVELOPMENT OF CHILLED WATER STORAGE: 

Chilled water storage systems involve two water volumes at different temperatures: the 
first is a volume at low temperature to service load, the second is a volume returning from load 
at a warmer temperature. Mixing of these two volumes results in a loss of effective cooling 
storage capacity. The development of chilled water storage concepts traces the improvements 
is separating the two water volumes. 

The measure of water storage performance is the degree of separation of the two water 
volumes. Ideally, the concept should limit internal energy transfer from the warm to the cold, 
avoid mixing, and be capable of delivery of a high percentage of the total storage volume at or 
near the charging temperature. Recovery of the water from storage at or near the charging 
temperature, maximizes the storage capacity and reduces a potential energy penalty of 
operating the refrigeration at too low a suction temperature. 
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A brief evolution of chilled water storage includes the following systems: 
-Labyrinth 
-Baffle 
-Tank Series 
-Empty Tank 
-Flexible Membrane 
-Thermal stratification 

Labyrinth, Baffle and Tank Series operate with varying degrees of success, however, 
they are generally inefficient due to internal energy transfers. 

Empty tank systems, with the cold and the warm volumes in separate tanks, provide a 
Dositive separation of the two volumes. Overall storage volume is larger than stratified systems, 
due to the requirement for the "empty" volume. Piping and valving are extensive, requiring 
coordinated control to facilitate the volume transfers. 

Flexible membrane systems are the first of the stratified designs; both the warm and the 
cold volumes are in a single, common tank. The flexible membrane usually a reenforced 
Dolvester separates the warm and the cold water and moves up and down in the tank with 
charge and discharge. The disadvantages include: the membrane; monitoring of storage 
capacity, membrane maintenance, and limits to pump operation. 

Current technology favors the use of naturally stratified chilled water, which separates 
the warm and the cold water by utilizing the natural tendency for water at different temperatures 
to stratify because of the density differences. 

Stratified storage uses a single tank for the two operational volumes affording simple 
operation effective utilization of the total water volume and low capital cosL Properly designed 
and operated stratified chilled water systems will yield up to 70 % of the total tank volume within 
1.5-F of the charging temperature and in excess of 90 % of the total tank volume within 5 F of 
the charging temperature. 

A 1985 EPRI sponsored research project at the University of New Mexico is the major 
event leading to the current stratified storage technology. (EPRI Report EM-5432 Vols. 1 & 2) 
This initial investigation, and subsequent investigations define conservative calculations for 

stratified storage design. 

THERMALLY STRATIFIED STORAGE SYSTEMS: 

Thermally stratified storage systems operate by storing cold water below warm water in 
a single tank The concept uses the natural tendency of water to stratify in honzontal layers 
according to temperature, (density) Almost any tank containing both chilled water and warmer 
water will naturally, reliably stratify. If stored water consists of horizontal planes of temperature 
that increase in an upward direction, buoyant forces maintain stratification. If temperature 
decreases in an upward direction, with warm water below coM water, buoyant forces produce 
vertical fluid motion causing mixing. 

Water Density Varies with Temperature: 

The density of water increases with reducing temperature down to a limit of 39.2°F (See 
Figure 3 and tables reference 1). Below 39.2°F. water density decreases with a further reduction 

in temperature. 
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DENSITY 
<L8/CUiX) 

CM 

a.*r 
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«2.41 

njM 

«2.J3 

63-31   - 

•2-2» 

«2.2« - 

«223 

«120 

TEMPERATURE N DEGREES F. 

WATER DENSITY VARIATION WITH TEMPERATURE 

Figure 3 

Thermocline: 

If the temperatures are controlled, and the colder water is property introduced into 
the bottom of a tank of warm water, the water in the tank will stratify creating a region of vertical 
temperature difference called a thermocline as shown in Fig. 4 

TANK 
DEPTH 

I  I  I  I  I  I  I  I   I  llll  I  I  I  I   I  l-TT-l-l 
UPPER WFFUSER 

THERMOCLINE 
REGION 

WATER TEMPERATURE 

CONCEPT OF STRATIFIED STORAGE 

Figure 4 

The thermocline is a relatively thin horizontal layer in which the temperature and density 
gradients are much larger than in the rest of the tank. The thermocline acts as a physical 
boundary between the cold and the warm water. In operation of stratified storage, there is a 
reversal of the flow through the tank. The thermocline shifts upward during charging(bottom 
inlet) and downward during discharging (top inlet). 
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Internal Heat Transfer. 

^ 

CONVECTION 

CONDUCTION 

t THERMOCLINE 

CONVECTION 

CONDUCTION 

Figure 5 

There are two mechanisms that will move heat from the warm water to the cold water in 
a stratified tank, conduction and convection as illustrated in the diagram of Figure 5. With the 
cold and the warm water is contact there is conduction, however, water is a poor conductor and 
the internal heat transfer due to conduction alone is nor major. Storing the cold (more dense) 
water below the warm (less dense) water, eliminates densfty currents and free convection. 
Charging involves injecting cold water into the bottom of the tank. Discharging involves injecting 
warm water into the top of the tank. The injection, if not properly controlled, causes forced 
convection, which, in the extreme could thoroughly mix the tank. The primary criterion, 
therefore, in the design of a stratified storage system is control of forced convection. 

Diffusers: 

There are two diffusers, one in the top and one in the bottom, that introduce and 
withdraw water, creating and maintaining thermoclines. The upper diffuser creates a thermocline 
at the top of the tank during the discharge cycle. The lower diffuser creates a thermodine at the 
bottom of the tank during the charge cycle. 

Mixing in the tank increases with increasing velocity of the incoming stream and 
decreases with increases in the density difference. If the incoming water is a "jet-like" flow, the 
inertial and the shear forces will completely mix the contents. Even distribution and limited inlet 
velocity allows the buoyant forces, caused by the density differences, to be dominant, resulting in 
stratification of the tank. With the buoyant force dominant over inertia and shear, the incoming 
flow creates a gravity current, which propagates across the top or the bottom of the tank driven 
by the density difference. 

Figure 6 illustrates the gravity current. Note the characteristic "head" at the front of the 
flow. 

Mackie Associates\Tv»rc3 187 



NOTE; FLOW HALVED WHEN CURRENT 
OOE3 BOTH WATS FROM 
THEOJFFUSEft 

-  DISTRIBUTOR PIPE 
IH SETTLING CHAMBER 

t-   CHARACTERISTIC LENGTH 
FOR Fr CALCULATION 
ANDOEFTHOFFLCW 
FOR Mr CALCULATION 
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Figure 6 

DESIGN OF D1FFUSERS FOR STRATIFIED STORAGE 

Froude Number (Fr) and Reynolds Number (Nr): 

Two dimensions parameters for fluid flow, namely: the ^^^fe Number 
(Fr) and the Reynolds number (Nr) characterizes effective diffuser desx>n.(W.ö> 

The following equations define the dimensionless parameters: 

Fr = 
J(gLß(t~-tc» 

where: 
Fr   = Densimetric Froude Number 

g = acceleration of gravity 

u = average velocity in the density current 

L = characteristic depth of the density current 
ß = coefficient of volumetric expansion 

t    = temperature of the ambient water 

tc = temperature of the inlet water 

The L term in theory, is the depth of the gravity current as indicated in Figure 6.  The 

depth ofE grav^current ^ox/mafc/y the height of the outlet *^f^«%%% 
substitute the slot height "h-for the characteristic dimens.on-L. Substrtut.ng Ti for L . the Fr is 

Frj. pertaining to the inlet, and this is a convenient design parameter. 
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Replacing the volumetric expansion term "ßH with the ratio of the density difference, as: 

Pa 

■where. 

pa = density of the ambient fluid 

p; = density of the inlet fluid 

and replacing the velocity term "u" by the flow per unit length of diffuser "q", using the slot 
height, "h" as the depth of the flow, then the equation for the inlet Froude number, Fq becomes: 

Fr: = 

(AV2 
P 

A recommended value for the Fr is one. Making the substitutions and setting Fr = 1.0, 
the equation solves for the minimum slot height as: 

g2/3 

m   (*(^))1/3 

Note that this calculated dimension for the slot height applies to the upper diffuser (depth 
from the water surface) and the lower diffuser (depth from the floor). 

The second dimensionless parameter, Nr. or Reynolds Number is defined as follows: 

ul 
Re = — 

i? 

where: 

Re = Reynolds Number 

u = average velocity in the density current 

/ = depth of the flow 

7] = kinematic viscosity 
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Similar to the modification of the equation for Fr, the Re equation, in terms of the flow 
per unit length is: 

i) 

Discharge Temperature Characteristic Varying with Nr: 

Research investigation*8) of a 35,000 gal storage tank established that the temperature 
differential between the charging temperature and the discharge temperature increases with 
increasing Nr. The graph of Figure 7 indicates the shift of the temperature characteristic with 
variation in Nr. 

Charge and Discharge Temperature Characteristics 
Tests in a 35,000 gaL tank. 
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In Figure 7, the charging temperature, or the tank inlet temperature during charge reads 
from right to left and is a plot of the temperature entering the tank as the charge progresses for a 
100% warm tank to a cold tank. The next three lines, indicated as "discharge temperatures", 
read from left to right, and are plots of the tank outlet temperatures for the three indicated Nr 
values. The uppermost line, indicated as "outlet temperature during charge" reads from right to 
left, and is a plot of the temperature leaving the top of the tank during the charging process. 

Studies of initial thermocline formation determined that thermclines will form with Fr as 
high as 15, however there is excessive mixing immediatly outside the diffuser for values 
exceeding 2. Below a value of 1.0, there is not a noticeable reduction in the mixing. 

Figure 7 indicates the shift in the performance of the stratified tank for increasing Nr. 
With higher values of Nr the initial temperature differential between the charging temperature 
and the discharge temperature is greater, the thermocline exits earlier, the temperature profile 
rises sharply at a lower percentage of the tank volume, and the thermocline^ is "thicker". The 
shift of the temperature discharge profile affects the storage capacSy of the tank by changing the 
overall temperature differential and by reducing the percentage of useful volume. 

The required values for Nr and Fr depend, in part, on the depth of the tank. In a shallow 
tank, say 7 to 10 feet deep, a thin thermocline (12 to 18 inches) is desirable to maximize the 
useful percentage of the tank volume. In deeper tanks, say 40 feet deep and greater, a thicker 
thermocline is accommodated with less of a percentage of the total volume. For example, in 
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one successful application, a thermocline of 7 ft depth occurs in a 70 ft deep tank. In this very 
deep tank, the thick thermocline only involves 10 % of the total tank volume. 

Obtaining a thin thermocline requires that Fr be in the order of 1 and Nr be in the order 
of 450 or less Low values of Fr are obtained by; reducing the flow per unit length increasing the 
denX difference and by increasing the depth of flow of the gravity current. Nr. however, is 
TncSased by increasing the depth of the flow. In combination, both the parameters are reduced 
bTSucing the flow per unit length. For a fixed flow, the reduction in the flow per unit length ,s 
actXeS by increasing the active .ength of the diffuser. In shallow tanks, ^f^^ 
Sace areas, increasing the active length of the diffuser is easrly accomodated. »" deeper 
SnksTwith smaller surface areas it is difficult to increase the active length, however the thicker 
thermocline from the higher Nr values has less impact. 

Flow Rate for Diffuser Design: 

The diffusers are designed for the greatest flow rate that occurs over the complete cycle 
of the storage operation. This greatest flow rate establishes the flow per unit length for the 
defined parameters. The flow requirement applies to the start operations when the thermocl.nes 
are being formed and to the continued operation after the thermclines move away from the 

diffusers. 

The charging operation, as described later, often involves a greater flow than the 
discharging operation because the charge circulates more than the total tank volume, wheras toe 
dScharae circulates less than the total volume. The discharge is usually terminated at the 
limfting discharge temperature. In addition, the off-peak period, used for charging, is often 
shorter than the on-peak period used for discharging. 

A normal operating strategy, provides a constant circulation (partial storage) or no 
circulation (full storage) in the chiller circuit during the discharge operation. Flow vanation in he 
s^a™ circuit is absorbed by the storage. In specific application, the peak flow to he 
secondary circuits may be the greatest flow through the diffusers. In other apportions, the 
storage strategy involves a peak draw from the storage in a default or-emergency situation, such 
as failure of a chiller. It is common to check this emergency flow to ensure that the tank 
contents will not mix at the higher parameters, but to design the diffusers for the normal flow 

rates. 

Controlling Flow Per Unit Length - Uniform flow distribution: 

Designing diffusers involves obtaining a (relatively) uniform flow over the entire length of 
the active diffuser. The diagram of Figure 6 illustrates a pipe in an enclosure to distnbute he 
flow The outer enclosure acts as a "settling chamber which presents a continuous slot for a low 
velocity flow into the storage tank over the entire length of the diffuser. 

is The use of an inner and outer pipe arrangement for the diffuser is expensive. It 
possible to eliminate the outer enclosure by limiting the velocity of the openings and avoiding he 
Tet like" flows This procedure involves increasing the size of the distributor pipe, minimizing the 
variation in flow out of the orifices due to changes in internal header pressure because of fnct.on 
and velocity pressure regain. 
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DISTRIBUTED NOZZLE DIFFUSER 

Figure 8 

The simpler, less expensive diffuser is a single manifold with evenly spaced orifices as 
shown in the diagram for a distributed nozzle diffuser in Figure 8. If all of the orifices are the 
same, having the same flow coefficient, the flow through each orifice is a function of the 
difference in static pressure across the orfice as per the following equation: 

Q=Cvyßp 
where. 

Q=flow 
C, =orifice flow coefficient 

6p = staticpressuredifference 
The outer static pressure is the pressure in the tank at the level of the diffuser, and is a 

constant The inner static pressure is the static pressure at the location of the specific orifice in 
the manifold. This pressure varies down the length of the manifold depending on the friction loss 
and the static regain in the manifold. If the presssure drop across the orifice is high in relation to 
the static pressure variation down the length of the manifold, the flows out each of the orifices 
tend to be the same. Too high pressure drop across the orifices requires velocities through the 
orifices that produces "jet like' flow from the individual openings, which causes mixing in the 
tank. The pressure drop and the velocities through the orifices can be reduced while maintaining 
even flow by increasing the size of the manifold, thus reducing the pressure variations due to 
friction and static regain. 

Flow visualization tests indicate that if the velocities out of the openings are in the order 
of 1 fps. and the spacing is 4 to 8 inches on centers, "jet like" flow conditions are avoided and the 
incoming flow will form a pool adjacent the series of openings in the manifold forming a uniform 
gravity current. Given the tolerance in the values of Fr and Nr that are possible for the operation 
of stratified storage, a reasonable variation in the flow over the length of the diffuser can be 
tolerated. Using the calculation procedure from reference 7 and considering the openings as 
evenly distributed .square edged, laterals off a manifold, the distribution of the flow can be 
approximated. An example of the calculated variation in the flow down the length of a single 
element of a distributed nozzle diffuser is illustrated in the diagram of Figure 9. 
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Manifold Calculations 6"Pipc Equal spacity 54 Openings (3"cc) VmM Ratio - 2.0 
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Direction of Manifold flow 

Percentage Flovwvariaöoo fioroMean»   "   »   »   »   »   «   »   »   »   "   "  "   "   "   u  "   "   "   " 
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ManiibMi, 13 ft k*«. 5* opening» spaced 3'ce each at 0.001893 sqft. 

Figure 9 

The example of Figure 8 indicates a variation in the flow out of the evenly spaced 
openings as approximately ± 5 %. 

Self Balancing Headers - Diffuser Examples: 

There are a variety of successful diffuser designs including: linear slot diffuser similar to 
Figure 6, distributed nozzle diffuser of Figure 8, radial diffuser of Figure 10, and the octagonal 
diffusen? of Figures 11 and 12. 

WATER LfvFA 

RATJW. Tusr 
orrusERS 
AT TOP 
AK) 
Bonou 

RAtMl BSC DTFuSER 

Figure 10 
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Figure 11 

diffuser manifold 
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as flow divider 
(typ of TO 

section through 
diffuser manifold 

DOUBLE -OCTAGON' DIFFUSER 

Figure 12 

Self balancing headers connect the active lengths of the diffusere in the preceding examples. 
Self balancing arrangements make use of "bull headed" tees with equal piping lengths to balance 
the flow as shown in figure 13. 
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Figure 13 
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CALCULATION OF TANK VOLUME FOR STRATIFIED STORAGE: 

Limiting Discharge Temperature: 

Calculation of the volume of a stratified tank requires coincident temperature profiles of 
water leaving and entering the tank over the discharge cycle and definition of a project specific 
limiting discharge temperature. Discharge of the storage tank continues until the discharge 
temperature rises to some temperature where it is above the useful cooling temperature for the 
specific project. This temperature is termed the "secondary system limiting supply 
temperature: Designers determine limiting temperatures for specific projects. In the design of 
systems with full storage, selection of the limiting temperature establishes the inlet water design 
temperature for the cooling coils since this is the temperature that the coils will receive at the 
end of the storage discharge. In partial storage designs, the design coil inlet temperature is a 
Wend of the temperature of water out of the storage and water coming off the chiller. In partial 
storage designs, therefore, it is possible to discharge the storage to a higher limiting temperatue 
without having to increase the design coil inlet temperature. With the higher discharge 
temperature limit, a greater percentage of the storage is usually available in the partial storage 
systems. 

Sizing Storage Volumes Using Discharge Curves  

JO 

setecboninefor46     TimiBnq temperature 

10 JS      20     25      30 

. Charging Temperature 

.Fr=l-26\Nr=1700 

35      40      45      50      55      «0      «5      70      75      80 
Percentage Flow Through Tank 

_ Fr=1.26, Nr=240 _*_ Fr=1.26, Nr=850 

_ Inlet temp, during discharge 

Figure 14 

>y y ' 
85     90     « 

Figure 14 shows an example of the determination of useabJe storage volume using a 
46°F limiting temperature. Reading across from the temperature axis, the selection is 
approximately 85% of the total volume for a diffuser with Nr=1700 and slightly over 90% of the 
total for a diffuser with Nr=240. 

CHILLER CAPACITY REQUIRED TO CHARGE THE STORAGE TANK: 

Chiller Inlet Temperature: 

Determination of the chiller output capacity required for charging the tank, depends 
required charge flow rate and the temperature differential between chiller inlet and outlet 
temperatures. If. during the charging operation, the secondary pumps are not in operation, the 
inlet temperature to the chillers will be the outlet temperature from the storage. If secondary 
pumps are operating durign the charging operation, servicing a night load, the inlet temperature 
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to the chillers will be a blend of the outlet temperature from the storage and the secondary 
system return temperature. 

At the start of the charging operation, water leaving the top of the tank will be slightly 
cooler than the return temperature, similar, but reversed to the storage discharge temperature 
characteristic, due to mixing and conduction. The outlet temperature declines gradually at first, 
and then more rapidly as the residual from the discharge and the top of the charging thermochne 
exit the top of the tank. At a given flow, the greatest temperature differential for the chiller will 
occur at the start of the charge operation. 

Tank Flow more than 100 % of Tank Volume for "Full" Charge: 

In order to completely charge the storage tank it is necessary to circulate more than the 
full volume of the tank, purging the thermocline. The required circulation volume depends on 
the specific diffuser design and is generally in the order of 110% of the tank volume. Note that if 
the charge cycle time and the discharge cycle time are the same, for example both at 12 hours, 
the flow rate through the tank is greater during the charging because 110% of the volume is 
handled during charge and only 90% is handled during discharge. 

Chiller output is not uniform during the charging operation: 

When the chiller flow and leaving temperature are fixed during the charging operation, 
the declining outlet temperature will cause the chiller output to decline over the charging 
operation. Some designs arrange to vary the flow through the chiller evaporator to moderate the 
influence of the declining inlet temperature. 

TANK SHAPES FOR STRATIFIED STORAGE: 

Testing limited to Flat Floors and Vertical Walls: 

Testing for thermally stratified storage tanks is confined to tanks with flat floors and 
vertical walls. Tanks with continuously curving bottoms such as horizontal cylindrical tanks have 
not been tested. Some unpublished, private testing has been done on below grade fire tanks 
with sloping walls. Beyond the essential requirement for the flat floor and the vertical walls, the 
only other considerations are surface-to-volume ratio and the impact of depth on usable volume. 

Surface to Volume Ratio: 

Surface to volume ratio affects the performance of the storage tanks. The magnitude of 
the impact has not been quantified in either research or field testing. Without having internal 
tank insulation, there could be heat conduction down the walls of the tank, from the warm 
volume to the cold volume. This conduction could cause an "internal" heat transfer that would 
reduce the effective storage capacity of the tank. Although anticipated, the result is not apparent 
in tanks with a "reasonable" surface-to-volume ratio. Flow visualization reveals the presence of 
the conduction down the walls. Attempts to measure and quantify wall conduction are not 
conclusive because the effects are small. 

Added to the potential for greater internal heat transfer, very high surface-to-volume 
ratios could lead to excessive losses to the surround. Similar to the potential for internal 
transfer, the losses to the surround tend to be small in relation to the storage capacities. 
Attempts to measure the losses to the surround have been generally unsuccessful, due to the 
relatively small temperature differentials involved and the very high levels of accuracy required 
to measure small losses. Some recent operational monitoring of existing installations indicates 
thermal losses to the surround in the order of 15% when the tanks are being used in a "full 
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Charge" condition to service only partial loading.  Monitoring of the same tanks under full or near 
full load conditions indicates losses to the surround are incidental. 

Tank Depths: 

The depth of the tank can have a significant influence on the usable or "useful" volume 
of the tank. Varying the depth of the tank impacts the design of the stratified tanks (diffusers) in 
two ways. In shallow tanks, diffuser design becomes more critical. It is necessary, in the shallow 
tanks, to develop a thin thermocline so that the thickness of the thermocline occupies a minimum 
percentage of the tank depth. In deeper tanks, with reduced plan area, the limited space 
available makes it difficult, or impossible, to achieve low values of Nr. 

Initial mixing and conduction, even with desirable values of Fr and Nr will create 
thermoclines in the order of 12 inches. For a very shallow tank, say, 6 ft. in depth, the 
thermocline will occupy 1/6th of the depth, or 16.6 % of the tank total volume. As the depth of 
the tank reaches and exceeds 8 ft, the depth of the thermocline loses significance. Refer to the 
previous section relating to dimensionless parameters. 

CHEMICAL TREATMENT: 

It is essential to provide cleaning, initial, and on going chemical treatment in chilled 
water storage tanks. The cleaning and treatment are not unlike the treatment required for all 
chilled water systems. The problem is made more difficult by; the increase in volume, the 
presence of the (usually atmospheric) open tank, and by very low velocity circulation through the 
tank. For detailed information on storage water treatment, refer to the EPRI publication for 
treatment of water storage systems/10) 

SYSTEM ARRANGEMENT: 

Basic configuration: 

The simplified flow diagram of Fig. 15 illustrates the major components and one possible 
configuration of chiller and tank. With the need to maintain secondary system temperature 
differentials, the secondary systems use throttling control (rather than bypass control) and 
variable flow pumping. A parallel arrangment of the storage and the chiller with primary pump is 
used to maintain the flow through the chiller. Note that the connection to the supply of the 
secondary system is from the bottom of the storage and the return connection is to the top of the 
tank. 

Atmospheric Rant Pressure: 

Most large volume, chilled water storage tanks are atmospheric. Pressure sustaining 
valves maintain the operating pressure of the secondary systems. Without the use of an 
interface heat exchanger (not shown) the secondary pumps need to include static lift from the 
atmospheric tank to the operating system pressure. Heat exchangers for pressure or chemical 
isolation of the tank eliminates the need for the secondary pumps to handle the static lift. Adding 
the heat exchanger involves adding a second set of variable flow pumps to circulate through the 
storage. In addition, the approach temperatures required by the heat exchanger directly 
reducing the storage capacity of the tank by reducing the tank temperature differential. 
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The simplified diagram of Fig. 15 illustrates a system where the plant (chillers) is 
operating at a system pressure established by the relative elevation of the plant and the storage. 
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Figure 15 

The advantage of this atmospheric arrangement is that the system can shift from use of 
the chillers to use of the tank simply by adjusting the relative flow in the primary and secondary 
circuits. In the discharge mode, if the chiller primary pump is off. flow through the secondary 
pumps is directed through the storage tank and the tank discharges to carry the building load. 
Starting the chiller primary pump will contribute the output of the chiller either to the secondary 
pumps or to the storage tank. If the flow through the secondary pumps exceeds the output flow 
of the chiller pumps, the chiller and the storage will share the building load (partial storage). The 
rate of storage discharge will depend on the difference between the flow from the chiller pump 
and the flow through the secondary pumps. The three way valve in the discharge line off the 
chiller, is one method of reducing the contribution of the primary pump to the system thus 
■demand limiting" the chiller output. If the flow through the chiller pumps exceeds the flow 
through the secondary pumps, flow through the storage tank will reverse charging the storage. 

The configuration of Fig. 15 accommodates an easy shift from charge to discharge (or 
discharge to charge) simply by starting or stopping the chiller primary pumps. 

Pressurized Plants: 

The diagram of figure 16 shows a typical connection to an existing system. In this case, 
the plant operates at system pressure. Connection to the storage include a transfer pump and a 
sustaining valve. 
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The transfer pump always pumps from the low pressure tank to the high pressure system. 
Duplicate pumps and sustaining valves or an arrangement of isolating valves reverses the flow 
when the operation shifts from charging to discharging. This configuration is not as convenient 
as the atmospheric plant arrangement of Figure 15, since the shift from charge to discharge 
requires the switching of the operation of the transfer pumps and the pressure control valve. 

OPERATION AND CONTROL: 

Energy Management: 

Cooling storage is a true energy management system that facilitates the management of 
the operation of cooling plant. The common primary reason for using storage is to manage the 
operation of the cooling plant to avoid electrical rate structure penalties with on-peak operation of 
the cooling plants. A secondary reason, which in the case of chilled water storage is gaining 
importance, is optimization of the operation of the plant to reduce energy consumption. 

Initial operating concerns, primarily relating to load anticipation have not materialized. 
The reverse is true; storage systems are simpler to operate than non-storage systems. Storage 
cooling plants operate with high load factors, avoiding inefficient operation at part load. The high 
load factor, combined with plant operation at low evening wet bulb temperatures, results in 
significant reduction of cooling energy requirement. Storage operates with relatively high 
thermal efficiencies, and it is possible to conservatively accumulate a moderate excess of 
cooling capacity with little energy penalty. Cooling capacity available from the storage without 
concern for part load operation simplifies the overall operation of the cooling plant. 

Monitoring: 
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Operational planing and cooling load monitoring are essential to achieve the primary 
objectives of using storage. With storage being an energy management system, effective 
control requires monitoring of the system energy status and instantaneous flows. This control is 
best handled by automation systems that are capable of recording and displaying data over the 
extended time frames of the storage cycles. Operational experience with storage systems 
reveals that records of historical data for seasonal operation simplify the planning operation. 

Planning the operation of the system requires monitoring of the available cooling in the 
storage. One method is to fit the tank with a vertical arrangement of temperature sensors with 
spacing of 1 to 2 ft. centers, depending on the level of accuracy desired. Display of the vertical 
temperature profile in the tank facilitates tracking of the thermocline. A simple algorithm using 
operating temperatures and tank volume yields available cooling. 

Operating Temperatures: 

Chillers on stratified storage systems operate with discharge temperatures at or above 
the 39.2 density limit temperature and at or below the temperature of the bottom of the storage 
tank during the charging operation. Stratification requires that the water being introduced to the 
bottom of the tank is the same or colder than the volume n the tank. For this reason, most 
stratified storage systems operate with fixed leaving chiller temperature controlled by 
conventional chiller controls. Reducing chiller inlet temperature to the chiller at a controlled flow 
reduces chiller output One method of achieving this reduction in chiller inlet temperature is the 
three way valve on the chiller loop in the diagram of Figure 14. Chiller leaving temperatures 
rise, upsetting the stratified tanks when standard chiller Brno controls, limit vane position at 
elevated inlet temperatures. 

Load Prediction: 

The operational plan, in most cases, is to accumulate the stored cooling during the 
evening, preceding the "on peak" period. When operating at or near design load conditions, this 
operation amounts to accumulating a full charge in the storage. When operating at part load 
(seasonal) conditions the ideal plan would be to accumulate only that quantity required for the 
next on peak operation. Accumulating a portion of the storage capacity requires a prediction of 
the load and provision of a safety quantity to allow for errors in predictions and avoiding the 
operating cost penalties of depleting the storage prior to the completion of the on peak cycle. A 
simplistic approach to dealing with the part load operation has been to keep the storage fully 
charged at all operating load conditions. Maintaining the fufl charge, however, incurs thermal 
losses representative of full load conditions. Thermal losses from chilled water storage tend to 
be a very small percentage of the design capacity. If only a small percentage of the design 
capacity is required the full charge losses can be a significant percentage of the partial day 
operating load. 
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Partial Charging: 

Limited project data is available to confirm the advantage of partially charging chilled 
water storage systems. The results that are available indicate that the partial charging of the 
storage can yield energy reductions in the order of 10 to 15 % over the full charging practice. 

Repeated partial charging of chilled water storage leads to eventual increased mixing in 
the storage due to the reduction of the density differences. There can be several thermoclines in 
existence in the tank at one time, giving the indication of a "smeared" thermocline. The 
stratification will still work with the lower density (temperature) differentials. Current indications 
are that the partial charging is better than the simplistic full charge practice. 

Declining Tank Outlet Temperature during Charging: 

During the charging process, the outlet temperature of the storage declines, similar to 
the rising temperature during discharge. With a fixed flow in the primary circuits through the 
chillers and a fixed leaving temperature, the load on the chillers reduces toward the end of each 
charging cycle. This drop in output moves the chillers into part load operation with a resultant 
increase in energy consumption.- Increasing the flow through the chiller evaporators, consistent 
with design, reduces the energy penalty of this drop in output. 
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CASE STUDIES OF 
CHILLED WATER STORAGE 

Case histories highlight central chilled water plant 
expansions and their relation to the CFC issue 

By JOHN S. ANDREPONT, 
Product Manager, 
Thermal Systems, 
Chicago Bridge & Iron Co., 
Oak Brook, III. 

Hentralized chilled water 
systems are commonly 
used to meet the air con- 
ditioning needs of col- 

leges, universities, medical com- 
plexes;and other large campuses 
or district cooling facil- 
ities. Data from the As- 
sociation of Higher Ed^ 
uca^Liön^Eacilities^ 
Officer¥(^EAiindi^-" 
cateVthatroverhalf its -: 
nfemBers operate cen- 
tralcoolingplants. ^. ^ 
;"-Variouscwifigura-^ 
tions" are^niüseV in- j- 
cluding ^single ahd" 
multiplecehtral chill-1. 
nig plants serving sin-v, 
"gle distribution sys-. 
terns, nonconnected 
miniature central sys- 
tems, and combina- 
tions of one central 
and one or more satel- 
lite plants on a single 
distribution loop. Cen- 
tral plant chillers may 
be electric motor-driven centrifu- 
gal compressors, gas engine- 

driven centrifugal compressors, 
steam turbine-driven centrifugal 
compressors, heat-driven absorp- 
tion chillers, or combinations of 
these types. The usual refriger- 
ants are'chlordfluorocarbons 
(CFCs); but alternatives such? as 
HCFCs, HFCs; ammonia (NH3), 
and absorption sotatiönsmäy also 
be employed. Free cooling via cool- 
ing towers is sometimes used, di- 
rectlyor indire^yV^uringperiods 

•'-:>£: «A>.S£r:i&feaaife^fe£g S 

This article is based on a paper pre- 
sented at the 79th annual meeting of 
The Association of Higher Education 
Facilities Officers (APPA), Indianapo- 
lis, Ind., July 26-29, 1992. 

1  Chilled water storage peak-shaving system, 
mode shown is real-time cooling and cooling from 

of relatively low ambient air tem- 
peratures. 

For the following reasons, it is 
often necessary to increase or up- 
grade a central plant's cooling ca- 
pacity. 

• Construction of a new facility. 
• Expansion of an existing 

facility. 
• Centralization  of Ti  dis- 

tributed cooling system. -    : 

• Addition of a new building to 
a cooling loop. ••-" c "r: ■'■'"■ ~,:~- '- -■'*■' 

' • Increase of cooling loads at 
existing buildings."  I-/i5    - ••; 

: • Replacement of aging chiller 
equipment. • -   -     -. x^'iv.-c 
'■"-• Conversion of chiller or fuel 
types. .-.:•-- -^'. --. 
'-• Necessary efficiehcy'am- 

provemehtsl-ri;^w U:"" 
• Phasebut or re- 

~ placement of CFCs. '• ° 
/•■ •' Durihgahyceriltrai 
' plant capacity'expan- 
sion, O&M," capital, 
and life cycle costs are 
among the major con- 
cerns, as are the in- 
creasingly critical is- 
sues of reliability, 
flexibility, safety, and 
the environment. 
Specifically, atmo- 
spheric ozone deple- 
tion and the CFC re- 
frigerant issue are 
now impacting every- 
one involved in the air 
conditioning field. 
Anyone selecting or 
planning for new 

chiller capacity is faced with 
choosing from such options as 
CFCs, HCFCs, HFCs, ammonia, 
and absorption refrigeration. 
These choices have unique and se- 
rious drawbacks such as: 

• CFC production is banned, ef- 
fective in 2000 (possibly 1996). 

Operating 
storage. 
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Chilled water storage 

• HCFC production is banned, 
effective in 2020 (possibly 2005). 

• HFC equipment is less devel- 
oped than most HCFC equipment. 

• Ammonia is toxic and haz- 
ardous, which requires special 
precautions. 

• Absorption chiller installa- 
tions are generally more expen- 
sive to buy and unfamiliar to 
many O&M personnel. 

Modifications of existing CFC 
equipment for HCFC or HFC use 
are not only costly but also pro- 
jected to result in losses of capac- 
ity, typically up to 10 percent. 
However, an alternative approach 
is now experiencing increased ap- 
plication. 

Chilled water storage option 
Thermal energy storage (TES), 

specifically when accomplished 
through the use of chilled water 
storage, is a technology with 
many benefits for facilities or 
campuses requiring CFC phase- 
out or capacity expansions of their 
central chilled water plants. Stor- 
age is located at the central plant 
or remotely along the distribution 
loop. Connected to both the supply 
and return headers, the mass of 
water in storage provides thermal 
capacitance for the chilled water 
system. During periods of peak 
cooling loads, cold water from 
storage is used to supplement (or 
replace) chiller operation, and 
warm water is returned to storage 
simultaneously. During nonpeak 
periods (typically nighttime or 
weekends), warm water is re- 
moved from storage, cooled by the 
chiller plant (or via free cooling), 
and returned to storage. Fig. 1 
shows a basic system. 

Installations dating back to the 
early 1980s often configured chilled 
water storage in dual or multiple 
tanks employing the "empty tank 
method" to separate the supply and 
return water. The stored supply 
and return water volumes never oc- 
cupied the same tank at the same 
time. This eliminated any chance of 
mixing but added volume, complex- 
ity, and cost to the systems. Other 

early systems employed single 
tanks with internal membranes or 
diaphragms to separate the supply 
and return water, which also added 
cost and maintenance problems. 

Research and development ef- 
forts were conducted throughout 
the 1980s by the electric utility in- 
dustry, academia, and indepen- 
dently by private industry. This 
led to a proven means for storing 
supply and return water volumes 
together in a single tank with sep- 
aration being maintained via 
thermal stratification. Based on 
its superior performance and eco- 
nomics, thermal stratification has 
become the standard approach for 
chilled water storage. 

Chilled water storage is com- 
patible with whatever chiller 
technology is currently in use at 
central plants and, by its nature, 
equally compatible with whatever 
water chilling technology may be- 
come the choice in the 21st cen- 
tury. Installations already in use 
are being recharged by anarray of 
technologies, includingjelectric 
motor-driven centrifugal corn- 

ally be met via the addition of 
storage, thus postponing the need 
to buy any new chillers for 5 to 10 
years or more. 

For example, recent years have 
seen a rapid growth in the use of 
chilled water storage by colleges 
and universities in both the public 
and private sectors. Installations 
are either operating or in the 
planning stages in virtually all 
parts of North America. 

In recent years, a single storage 
system supplier has designed and 
installed chilled water storage in- 
stallations representing the 
equivalent of over 50,000 tons of 
peak chiller capacity and totaling 
more than 500,000 ton-hr of stor- 
age capacity. ..(One ton-hr equals 
12,000 Btuh.) Data from some of 
these installations will be used for 
illustration in the sections that; 
follow.     .-■■ :,--:3. >■-..      -   ■ 5-.:i.    -i 

Sizing criteria for storage^? 
The required volume of storage 

is a function of the following vari- 
ables: -U3S"-       "i:/0"»-i->'"7'.]h '-■■ 

• Volume4s proportional_to. the 

2 Above-ground, 13,000 ton-hour installation at the Los Angeles Dept. of 
Water and Power for its new office complex in Sun Valley, Calif. 

pressors, steam turbine-driven 
centrifugal compressors, and 
steam-driven absorption chillers. 
Although chilled water storage is 
not the complete answer to the 
CFC issue, it can often be the op- 
tion of choice for central plant op- 
erators throughout the 1990s. 
Cooling capacity growth can usu- 

required thermal storage capac- 
ity. 

• Volume is inversely propor- 
tional to the chilled water supply- 
to-return temperature difference 
(AT). 

• Volume is inversely propor- 
tional to the product of all volu- 
metric and thermal efficiencies 
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associated ^;:r. -uorago. 
Volumetric and thermal 

efficiencies involve as a 
minimum: external heat 
gain; internal heat trans- 
fer; internal ni£.;i transfer 
(mixing'; anc unusable 
volumes due to the ther- 
mocline (temperature gra- 
dient) zone: the inlet/out- 
let zones: the operating 
water depth range; and 
the minimum air space (at 
times significant—e.g., 
when sized for a seismic, 
sloshing wave i. Based on al- 
lowances, an approximate rule-of- 
thumb for typical stratified chilled 
water storage installations is that 
the gross storage tank volume, in 
gallons, is equal to the capacity, in 
ton-hours, times 1800 divided by 
the temperature difference, in de- 
grees F. 

This formula is appropriate for 
typical tank heights (32 to 48 ft). 
However, many variables affect 
the final volume and the optimum 
choice of height and diameter; 
therefore an experienced designer 
or supplier should be consulted re- 
garding the optimal size for each 
situation. 

Similarly, care should be taken 
to optimize the required thermal 
storage capacity, which is a func- 
tion of many factors, including 
cooling load profile, electric rate 
structure, electric load profile, 
available chiller capacity, expan- 
sion plans, and local electric util- 
ity cash incentives, if any. 

Design and operation issues 
Chilled water storage systems 

should be designed to accommo- 
date various operating modes, in- 
cluding: 

• Full storage 'load shifting1— 
discharging storage to meet cool- 
ing loads without any concurrent 
chiller operation. 

• Partial storage (load level- 
ing)—discharging storage to ::;ect 
cooling loads v-->h concurrent op- 
eration of a: least some chillers i in 
parallel witn storage'. 

• Full re-charee— recharging 

3 5000 ton-hour installation at the North Mesquite High School, Mesquite, Tex. 

storage via chiller operation. 
• Partial recharge—recharging 

storage via chiller operation while 
simultaneously providing cooling 
to the loads from the chillers. 

• Standby—no circulation 
through storage, allowing the 
chillers to serve the cooling loads 
as they would in the absence of 
storage. 

Where possible, the free water 
surface at the top of storage should 
be the high point of the chilled wa- 
ter distribution loop, which will 
permit the simplest system hy- 
draulically. However, wherever 
this is not practical to achieve, ei- 
ther of the following two alterna- 
tives should be considered. 

• A plate-and-frame heat ex- 
changer can be used to segregate 
the system into hydraulically in- 
dependent loops, a high pressure 
distribution loop and a low pres- 
sure storage loop. The drawbacks 
of this approach include the added 
capital cost of the heat exchanger 
and additional pumps and con- 
trols, and most significantly, the 
approach temperature at the heat 
exchanger, which reduces the AT 
available in storage, thus increas- 
ing the necessary storage volume. 
A benefit is the segregation of the 
stored water, allowing greater 
flexibility in the choice of water 
treatment. 

• A back-pressure sustaining 
valve can be used to maintain the 
required minimum positive pres- 
sure throughout the distribution 
loop. Therefore, a booster pump is 
required for reinjection of the wa- 

ter from storage back into the 
higher pressure distribution cir- 
cuit. The drawbacks of this ap- 
proach include the capital cost of 
the control valves and pumps as 
well as the (usually moderate) 
parasitic operating cost of the 
booster pump. The benefit is that 
the AT and size of storage are un- 
affected. 

It is not economically practical to 
design large chilled water tanks 
for any significant internal pres- 
sure beyond the hydrostatic pres- 
sure of the head of stored water. 

Whenever possible, the chilled 
water system should be operated 
in a manner that maximizes the 
supply-to-return temperature dif- 
ference (AT). This can most easily 
be accomplished through the use 
of variable flow chilled water 
pumping and two-way, rather 
than three-way, control valves at 
the cooling loads. Maximizing the 
AT will minimize storage volume 
and capital cost. The AT for typi- 
cal storage installations ranges 
from below 10 F to over 20 F. but 
higher is better. 

Maintenance issues 
Maintenance for a stratified 

chilled water storage system 
should always be less than for 
equivalent conventional chiller 
plant capacity. Although early 
methods of chilled water storage 
did involve maintenance-inten- 
sive components 'e.g., the large 
membranes or diaphragms of 
membrane-separated storage or 
the large switching valves of 
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"empty tank method" storage), 
stratified storage requires no 
moving parts. 

Maintenance of the storage ele- 
ment is largely limited to periodic 
(long-term) cycles of repainting 
and reinsulating and to water 
treatment. Properly installed sys- 
tems can be expected to experi- 
ence approximately 10 to 15 years 
between repainting and 15 to 25 
years or more before reinsulating. 

Water treatment requirements 
vary with each installation based 
on unusual combinations of water 
chemistry and materials of con- 
struction within the distribution 

4 Carillon (bell tower) tank on the 
campus of the State University of 
New York, Albany, N.Y. 

system. Water treatment is not re- 
quired to protect most storage 
tanks as the tanks themselves are 
lined with a paint system ap- 
proved by the American Water 
Works Association (AWWA), 
which is identical to one used for 
municipal potable water storage 
tanks. Typical installations do in- 
volve an initial treatment of the 
storage volume for purposes of pro- 
tecting the balance of the piping 
system from corrosion, biological 
growth, etc. Initial costs are usu- 
ally in the range of one to several 
cents per gallon treated. On-going 

treatment costs for the chilled wa- 
ter system are generally un- 
changed by the addition of storage. 

A program of regular monitor- 
ing, inspection, and remedial ac- 
tion (as necessary) is recom- 
mended to ensure long life. In any 
case, maintenance should be less 
than for the chiller and cooling 
tower capacity avoided by the use 
ofstorage. 

be to build an above-ground tank 
within an excavated depression. 
This was done for the 13,000 ton- 
hour installation for the Los An- 
geles Dept. of Water and Power at 
its new office complex in Sun Val- 
ley, Calif. (Fig. 2). 

Steel vs. concrete 
Neither concrete nor steel tanks 

are maintenance free. However, 
lower initial costs and lower life 

Above- VS. below-ground cycle costs for steel construction 
Consideration is sometimes have led to the dominance of steel 

given to locating storage partially tanks throughout the range of wa- 
or fully below grade. This may be ter storage applications, whether 
for esthetic reasons or to allow the for municipal, fire protection, or 
on-going utilization of the location chilled water storage. Some-steel 
for other purposes, such as park- water storage tanks have been 
ing, an athletic field, or a green documented to achieve more than 
space. Placing storage below 100 years of continuous service, 
grade should be done only after Concrete water storage tanks 
considering the following various are typically specified, designed, 
factors. and constructed in accordance 

• System hydraulics are often with AWWA Standard D-110. 
complicated by a below-ground However, even this standard per- 
tflnlr mits leakage rates of up to one 

: • The tank should be designed tenth of one percent of the tank 
for external pressure for.jngtances capacity per day. For a 3 million 
when the tank is emRt$§ff§f§ft||j& gal tank;'this equates to over 1 

• Soil and ground^|18||g gg&^million gal of leakage per year! 
tions can impact desigj|||||$gES«^; Welded-steel tanks by contrast 

.- • Regulations regafcfi|ji|rapL-. can be selected, installed, and 
tanks are increasingly resö^^öig^^ted in accordance with AWWA 

. • Choice of water treatmenl^Sfeindard D-100, which does not 
may be limited if the- tankfis;r ;pgrmit any leakage. 

"^Thiri-walled steel tanks also of- 
■fer-a performance advantage over 
thick-walled concrete tanks. The 
thermal capacitance of the tank 
wall must be alternately cooled 
and reheated, across the operat- 
ing AT, during each cycle of the 
chilled water storage system. This 
represents an inherent storage in- 
efficiency that is roughly an order 
of magnitude larger for the more 
massive concrete tanks. 

buried.- •■ ?^ ?--:*:? 
- • Total capital cost is often dou- 

ble that of an above-ground tank. 
For example, a 54,000 ton-hour, 

5.5 million gal chilled waterstor- 
age system was recently installed 
at Arizona State University in 
Tempe. This direct-buried storage 
facility, which was located be- 
neath an athletic field out of ne- 
cessity, incurred an installed cost 
of $5.1 million- At about the same 
time, a 68,000 ton-hour, 6.1 mil- 
lion gal above-ground installation 
for Chrysler's new R&D campus 
was completed outside Detroit, 
Mich. The above-ground storage 
installation was completed for 
only $2.6 million. 

If the top ofstorage must be 
kept low, a technically and eco- 
nomically viable alternative may 

Esthetic considerations 
Esthetics is often an issue for 

chilled water storage, particularly 
for college and university cam- 
puses and for sensitive private in- 
dustry sites. 

In some cases, even large multi- 
million gallon storage tanks can 
be effectively hidden from public 

continued on pax? Ill 
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txmtinwx: from pa£(* 108 

view through careful placement 
behind central plant buildings or 
trees. Where tanks cannot be hid- 
den from view, it is possible to 
choose a tank shape and an insu- 
lation finish either to blend with 
or complement the surrounding 
architecture or to make their own 
visual statements. 

Conventional choices include 
various roof styles (cone, dome, el- 
lipsoidal, etc.) and insulation 
types (urethane foam without a 
rigid jacket, foam panels with hor- 
izontally strapped aluminum 
jacketing, or foam panels with 
vertically ribbed aluminum jack- 
eting). Various paint colors are 
available, as are custom paint 
schemes,^which/ the * North 
Mesquite High School "Stallions" 
in Mesquite; Tex. used on its 5000; 
ton-houT'installatiph (Fig- 3). Y.""C 

Chilled waiter Storage tanks are 
also available with* a synthetic, 
stucco insulation.system that pert 

5 One million gallon "Peachoid," Gaffney, 
S.C. 

mits custom combinations for color, 
texture, and three-dimensional re- 
lief to achieve virtually any desired 
architectural style. Storage tank 
suppliers have also built many one- 
of-a-kind tanks such as the carillon 
(bell tower) tank on the campus of 
the State University of New York 
at Albany (Fig. 4) and the 1 million 
gal "Peachoid" in Gaffney, S.C. 
(Fig. 5). 

Dual-service applications 
Approximately 30 percent of a 

leading supplier's chilled water 
storage installations are designed 
for dual-service applications 
where, in addition .to thermal 
storage, they provide fire protec- 
tion water storage.-This'is possi- 
ble because of two characteristics: 

* ''. f. Thermally stratified chilled 
water storage tanks, operate full 
at times, with all the water avail-! 
able for fire protection if needed^ >. 

• When used for fire protection, 
tanks must be designed, con- 
structed, and tested in accor- 
dance witE the:NationäliFire 
Protection Association's 
StandardJNFPA 22^-Wafer 

; TanksforiPriväte Mre;I$rof. 
tecüön.^^; ?Jili.s3Kfc E 
:£Ih addition, chilled water 
storage for dual-service ther- 
mal/fire protection-applica- 
tions can be provided^with 
Factory Mutual approvab-as 
was obtained for the 8500 
ton-hour installation at the 
Phoenix Newspaper's new 
printing facility in Phoenix, 
Ariz. .-.;., 

O&Mcost 
The use of chilled water 

storage as thermal capaci- 
tance within a central 
chilled water distribution 
system provides various op- 
erating and maintenance 
benefits. Decoupling the 
chillers from the time-varied 
cooling load profile allows 
them to be operated at full or 
optimum capacity levels, 
avoiding inefficient, severe 
part-load conditions. In- 

creased nighttime use of chillers 
also results in efficiency improve- 
ments due to the lower condens- 
ing temperatures. On the mainte- 
nance side, less total chiller 
capacity is required, thus reduc- 
ing the size or quantity of in- 
stalled chillers, cooling towers, 
condenser pumps, and fans and 
yielding a reduction in equipment 
maintenance costs. 

However, the greatest impor- 
tance for O&M costs is, in the case 
of electric motor-driven chillers, 
the significant reduction in facil- 
ity peak electric demand charges 
and the shifting of electrical en- 
ergy consumption from high-cost 
on-peak periods to low cost off- 
peak periods at night. It is com- 
mon to achieve simple paybacks 
on investment of 1 to 2vye"ars-;oit 
better. 

The Austin (Texas) Indepen- 
dent School District is now in its 
fourth year of operation of the 
2600 ton-hour storage system at 
the 2000 to 3000 student James 
Bowie High School- After earning 
ä $95,450 cash incentive from the 
City of Austin Electric DepW&he 
school district achieved a simple 
payback of only. 10. months based 
on a combination of operating and 
maintenance savings of over 
$25,000 per year. 
«-In;1991, the Brazosport Com- 
munity College in Lake Jackson, 
Tex., (a campus of 3000 to 4000 
students) brought its 4000 ton- 
hour storage tank on-line. The sys- 
tem eliminated the need for 600 
tons of new chiller capacity, earn- 
ing a cash incentive of $152,200 
from its electric utility, Houston 
Lighting & Power. Annual electric 
energy savings for the college were 
independently estimated to be 
$62,500 at current electric rates 
with more in the future. 

Recent chilled water storage in- 
stallations at the Sacramento 
campus of California State Uni- 
versity and at the Hershey Medi- 
cal Center at Pennsylvania State 
University provide 12,300 and 
12,500 ton-hours of storage, re- 
spectively. The CSU-Sacramento 
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system avoided the need for 2500 
tons of chillers and cooling towers, 
achieving a peak electric demand 
saving of 2000 KW and earning ap- 
proximately $400,000 of cash in- 
centive from Pacific Gas & Elec- 
tric (Fig. 6). The medical center 
avoided 1500 tons of chillers and 
cooling towers for a demand re- 
duction ofabout 1200 KW and a 
cash incentive of $100,000 from 
Pennsylvania Power & light. 

The 68,000 ton-hour system at 
Chrysler Motors Corp.'s new 
Technology Development Center 
campus in Auburn Hills, Mich., 
represents a peak electric demand 
reduction of 5.3 megawatts. At 
current Detroit Edison electric 
rates, this equates to a demand 
saving of $74,000 per month or 
inearly $1 million annually, -r. : : 

Capitalcostsavings ->. ^7 
y*lu the case of large chflledwa- 
ter storage installations, it is com- 
mon to achieve not merely rapid 
paybacks but immediate capital 
cost savings, even Vrithout utility 
cash incentives. This is achieved 
(either for new construction or for 
retrofit capacity expansions?or i&- 
placements).through theT use. of 
central chiller plants sized not for 
the peak load (plus spare capac- 
ity) but for the average load over a 
24 hr peak design-day, plus spare 
capacity). The dramatic economy 
of scale inherent to large tank 
construction results in installed 
tank costs that are less than the 
avoided cost of installed conven- 
tional chiller plant capacity. 

In the mid-1980s, General Mo- 
tors Corp. planned an expansion 
of its GMC Truck and Bus plant in 
Pontiac, Mich., requiring an in- 
crease in the peak chiller plant ca- 
pacity from 5000 to 7000 tons. GM 
chose to install a 17,000 ton-hour 
chilled water system (2000 tons 
times 8.5 hr) rather than a con- 
ventional 2000-ton electric chiller 
addition or a 2000-ton absorption 
chiller addition. The chilled water 
storage system is recharged with- 
out the need for any new chillers, 
simply using the otherwise un- 

used nighttime capacity of the 
original 5000-ton central plant. 
GM realized an immediate capital 
cost saving (versus the cost of an 
electric chiller capacity addition) 
of $196,000 or essentially $100 
per ton installed without any util- 
ity cash incentive. 

Chrysler's 68,000 ton-hour sys- 
tem provided even greater sav- 
ings. Through the addition of stor- 
age, its requirement for new 
central plant capacity was re- 
duced from 17,700 tons to 11,400 
tons. Chrysler 
realized an im- 
mediate capital 
cost saving of 
$3.6 million, 
again without 
any utility cash 
incentives.1 ; j IB-- 
' -Capital sav-i 
ings need not 
stop- at": the: 
central plant. »| 
Storage: can - 
sometimes:; 
beadvanta-~L 
geoüsly =lo- -' 
cated<as one.- 
might do with**^ 
a satellite 
chiller plant)- 
somewhere 
along the dis- 
tribution loop ■•-■- 
remote from the central plant. 
In this manner, the chilled wa- 
ter pumping and pipeline capac- 
ity can be peak-shaved as well. 
Smaller pumps and piping can 
be installed initially, or for cases 
of retrofit growth of a distribu- 
tion loop, the need to increase 
the diameter of existing piping 
can be avoided. And unlike a 
satellite chiller plant, a remote 
storage tank does not require 
additional O&M personnel. 

age can be charged and dis- 
charged, the ambient heat gain, 
the discharge temperatures, and 
the pressure drop. 

It is common, and recom- 
mended, to procure storage 
through the use of a performance 
type specification in the same 
manner commonly employed to 
procure a chiller, a cooling tower, 
or any other major mechanical 
equipment element of a central 
plant. Chilled water storage in- 
stallations should be provided to 

6 12^00 ton-hour installation at thejS^ramehto cam- 
pus of California State.UniversHy.j#'^^«|^5J^^      ' ^ 

meet such requirements, includ- 
ing a guarantee of both leak tight- 

i ness and thermal performance. 
-.    Increasingly, it is also possible 

k.. to contract with third parties who 
"design, finance, install, and oper- 

ate systems. Various possible ar- 
rangements include shared sav- 
ings, guaranteed savings, and 
lease/purchase contracts. 

Contracting for performance 
The chilled water storage tank 

is a critical performance element 
of any air conditioning system of 
which it is a part. Not only is the 
thermal storage capacity critical, 
so too are the rates at which stor- 

Summary and conclusions 
Chilled water storage is experi- 

encing rapid growth in applica- 
tions for large central chilled wa- 
ter systems. With or without 
utility cash incentives, storage 
can provide not only significant 
O&M savings but a low capital 
cost option versus conventional 
central plant capacity additions. 
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Chilled ;vater storage offers an 
option for capacity additions with- 
out adding CFCä. It will allow 
many facilities to meet their im- 
mediate growth needs while post- 
poning new chiller acquisitions 
for 5 to 10 years, at which time 
new refrigerant and new equip- 
ment choices should be much 
clearer than at present. Storage 
will, by its nature, be compatible 
with whatever water chilling 
technology is chosen in the future. 

The technology evolved through 
the 1980s to the point where 
chilled water storage is now avail- 
able with various esthetic options 
and guarantees of leak tightness 
and thermal performance. The 
dozens of installations currently 
in operation are likely to be the 
predecessors of many, many more 
in the years to come. ß 
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We've gotten ourselves 
in the tötest soot yet. 

Introducing ULTRA-SORB 
The greatest innovation in humiditication in 20 years. 
The leaden in humkfificatioo 
o«x again lead the way with 

The need for rapid, drip*ee steam absorp- 
tion m "tight space" dud systems can now, for 
the first time ever, be truly satisfied with the 
ULTRA50RB multiple dispersion tube panel 
fromDRr5TEEM. 

TheULTRA50RB multiple tube panel 
provides virtually instantaneous absorption 
allowing it to be safely mounted within inches 
upstream of fans, coils, dam- 
pers, etc with no fear of wet- 
ness. 

Efiminates unwanted 
hearing of duct air. 

Because of the revolu- 
tionary design of the ULTRA- 
SORB panel, there is no need 
for steam jacketed dispersion 
tubes. The ULTRA-SORB 
dispersion tubes are hot only 
when actually humidifying, 
and that means energy cost 
savings for you. 
Works on any steam pressure 

down to mere ounces. 
In ULTRA-SORB, steam- 

bome water droplets are 

removed by separation instead of re-evapo- 
ratJon, the method currently used in conven- 
tional steam jacketed humidifiers. 

The separation of condensation in ULTRA- 
SORB occurs as the steam passes through the 
header/separator, down the dosery spaced 
duct tubes and finally to the air stream 
through norHnetalBc orificed tubdets. 

This design requires only ounces of 
pressure to function. Because of this, ULTRA- 
SORB can be used with boiler steam, as well as 

steam from any of our evapo- 
rative humidifiers such as 
STS, LTS or VAP0RSTREAM. 

Easy Installation. 
Because the ULTRA-SORB 

panel comes pre-assembled 
within a mounting frame, it is 
easily installed or retrofitted 
into any duct system. Simply 
mount ULTRA-SORB, connect 
the steam and drain piping, 
and it's ready for use. 

So call DRFSTEEM today 
and let us show you just how 
easy and dependable humid- 
ification can be_even in the 
tightest of spots. 

UUKASORBcoaaKMd to bolkrrteam. 

DRICTEEM 
V^HDWMro» COKPAÄT 

14949 Technology Drive. Eden Prairie. MN 55344. In MN: (612) 949-2415, Fax (612) 949-2933 
© 1991, DRISTEEM Humidifier Co. Oil! toll-free: 1-800-397-8336 
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CASE STUDY OF A LARGE, NATURALLY 
STRATIFIED, CHILLED-WATER THERMAL 
ENERGY STORAGE SYSTEM 
D.P. Rorino. P.E. 
Member ASHRAE 

ABSTRACT 

Tnis case study describes a 24JOO ton-hour (310.199 
MJ) thermal energy storage system with a 2.681 "üHf0? 
gallon (10.161 m3) naturally stratified. ?<ü4i^. cbOetf- 
water storage reservoir serving a 1.142 million ff V°?.092 
m1) electronics manufacturing facility in Dallas. IX. This 
retrofit project was completed in 10U months at a total cost 
of less than $70.00 per ton-hour ($5.53 per MJ) and has 
performed well since start-up in August 1990. ^fJH^ff 
facility to reduce its peak electrical demand by 2.9MW (ej. 
Several of its design features and operating tnethods are 
discussed in detail for the benefit of engineers interested tn 
chilled-water thermal energy storage. 

INTRODUCTION 

' The purpose of the thermal energy storage system was 
to shift 2.9 MW (e) of electrical demand related to opera- 
tion of the facility's existing 4.200-ton (14.771-kJ/s) central 
chiller plant from on-peak to off-peak in order to reduce 
annual electricity costs and offset anticipated electric rate 
increases.1 Given a major cash incentive from the local 
•Iectric utility and a favorable time-of-day rate option, a 
thermal energy" storage retrofit project involving the 
installation of a naturally stratified chilled-water storage 
reservoir interconnected with the facility's central chiller 
plant was deterrnined to be feasible and cost-effecüve 
(Table 1). Following project review and »PP«*»* con' 
struction was completed between September 30.1989, and 
AU*ri36g{9Älion gallon (10.161 m3) ANSI/AWWA 
Standard D110-86 (Type IE) precast, Hf0]^?^^ 
dxical concrete water tank with an enclava ateeTaiajÄragnr 
and a clear-span spherical dome roof wa* installed a» tne 
cold storage reservoir. Tnousands of tank« of this design 
have been used for water storage and waste water process 
applications in hundreds of communities throughout the 
United States for many years with an excellent record of 
reliability, low maintrnanr.«, and environmentaladap- 
tability. The use of a continuous, mechanically Donaed, 
embedded steel diaphragm in the tank's cucularwall 
ensures waterüghtness. Tension cracks are ehmmatedby 
wrapping the entire tank from top to bottom mrmünple 
layers of high-strength steel wire stressed to 140,000 pa 
(964,600 kpa). In the application under study, the cold 
storage reservoir was buried to the top of its cucular wall. 
and its spherical dome roof was insulated with 2 in. pi 

TW ~~*~* «*-^c «~ ■— ^ *, « 2J00 MW WJ™ 
,.«—, .*. co-o« S10 MB-. S~v«P •< - «~ "» "?£?-££ 

mm) thick spray-on polyurethane foam, a butyl vapor 
barrier, and a highly reflective white urethane top coat 
(Figure 1). •"•■ 

An integral primary/secondary "bridge" was installed 
u the interface berween the cold storage reservoir's 16 in. 
(406 mm) ■'■'"■^"^ transfer piping system, i.e., the primary 
circuit, and the facility's existing multi-zone distribution 
piping system, Le.. the secondary circuit. It physically and 
hydrauhcally r^™** me primary and secondary drcmts, 
placing die variable-speed distribution pumps in the supply 
of each of die facility's two secondary subcircuits in series 
with the constant-speed transfer pumps in the primary 
circuit. It also ensures die highest possible primary temper- 
ature differential at the lowest possible primary flow rate by 
recirculating warm water from the common secondary 
return fine into the common secondary supply line via a 
one-way crossover line. 

A distributed, direct digital control (DDQ system 
synchronizes primary/secondary flow rates and provides 
sustaining pressure-modulated control of secondary return 
water temperature throughout die entire cycle of operation. 
During tie charge cycle, it operates the centrifugal chillers 

, ,at 100% of capacity and provides flow-modulated control of 
evaporator leaving water temperature. At cycle switch-over, 
it reverses flow direction in the lines transferring warm and 
cold water to and from the cold storage reservoir without 
shutting off the transfer pumps. It also has a PC-based 
graphical interface that enables die operator to continuously 
monitor the system's performance, including the tempera- 

Figure 1       Cylindrical reservoir 
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Chilled '.vater storage offers an 
option for capacity additions with- 
out adding CFCä. It will allow 
many facilities to meet their im- 
mediate growth needs whiis post- 
poning new chiller acquisitions 
for 5 to 10 years, at which time 
new refrigerant and new equip- 
ment choices should be much 
clearer than at present. Storage 
will, by its nature, be compatible 
with whatever water chilling 
technology is chosen in the future. 

The technology evolved through 
the 1980s to the point where 
chilled water storage is now avail- 
able with various esthetic options 
and guarantees of leak tightness 
and thermal performance. The 
dozens of installations currently 
in operation are likely to be the 
predecessors of many, many more 
in the years to come. ß 
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ABSTRACT 

Tnis case study describes a 24J00 ton-hour (310,199 
MJ) thermal energy storage system with a 2.681 ^mon 
gallon (10,161 m*) naturally stratified, cyU^dnc_^'^fti 
water storage reservoir serving a 1.142 million ft* (W6.092 
m1) electronics manufacturing facility in Dallas. IX. This 
retrofit project was completed in IQK months at a total cost 
of less than 570.00 p<r ton-hour (55.53 per MJ) and has 
performed well since start-up in August 1990, flw»^«« 
facility to reduce its peak electrical demand by 2.9 MW (e). 
Several of its design features and operating methods are 
discussed in detail for die benefit of engineers interested tn 
chilled-water thermal energy storage. 

INTRODUCTION 

* The purpose of the thermal energy storage system was 
to shift 2.9 MW (e) of electrical demand related to opera- 
tion of the faculty's existing 4,200-ton (14,771-kJ/s) central 
=hiller plant from on-peak to off-peak in order to reduce 
annual electricity costs and offset anticipated electric rate 
increases.1 Given a major cash incentive from the local 
electric utility and a favorable time-of-day rate option, a 
thermal energy" storage retrofit project involving the 
mstallacion of a namrally stratified chDled-water storage 
reservoir interconnected with the faculty's central chiDer 
plant was determined to be feasible and cost-effective 
(Table 1). Following project review and «PP«>vaI con- 
struction was completed between September 30, 1989, and 

^Tösfmfflion gallon (10,161 m5) ANSI/AWWA 
Standard D110-86 (Type HT) P«^ S^^i _T^L. 
drical concrete water tank with an enclaved steeTffiapfiifcgirr 
and a clear-span spherical dome roof was installed a» toe 
cold storage reservoir. Thousands of tank» of this design 
have been used for water storage and waste water process 
applications in hundreds of communities throughout the 
United Stales for many years with an excellent record of 
reliability, low Tniintrnancc, and envirormentaladap- 
tability. The use of a continuous, mechanically bonded, 
embedded steel diaphragm in the tank's circular wall 
ensures watertighrness. Tension cracks are eliminated by 
wrapping the entire tank from top to bottom m multiple 
lavers of high-strength steel wire stressed to 140,000 pa 
(964 600 kpa). In the application under study, the cold 
storage reservoir was buried to the top of its circular waU, 
and its spherical dome roof was insulated with 2 in. (M 

mm) thick spray-on polyurethane foam, a butyl vapor 
barrier, and a highly reflective white urethane top coat 
(Figure 1). •'•- 

An integral primary/secondary "bridge" was installed 
as the interface between the cold storage reservoir's 16 in. 
(406 mm) M'Tv-trr transfer piping system, Le., the primary 
circuit, and the facility's existing multi-zone distribution 
piping system, i.e., the secondary circuit. It physically and 
hydraulically ^"T^,^^<^♦^ the primary and secondary circuits, 
placing the variable-speed distribution pumps in the supply 
of each of the facility's two secondary subcircuits in series 
with the constant-speed transfer pumps in the primary 
circuit. It also ensures the highest possible primary temper- 
ature differential at the lowest possible primary flow rate by 
recirculating warm water from the common secondary 
return line into the common secondary supply line via a 
one-way crossover line. 

A distributed, direct digital control (DDC) system 
synchronizes primary/secondary Sow rates and provides 
sustaining pressure-modulated control of secondary return 
water temperature throughout the entire cycle of operation. 
During the charge cycle, it operates the centrifugal chillers 
at 100% of capacity and provides flow-modulated control of 
evaporator leaving water temperature. At cycle switch-over, 
it reverses flow direction in the lines transferring warm and 
cold water to and from the cold storage reservoir without 
shutting off the transfer pumps. It also has a PC-based 
graphical interface that enables the operator to continuously 
monitor the system's performance, including the tempera- 

Figurt 1       Cylindrical reservoir 
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TABLE 1 
System Design Parameters 

40-| 

Parameter Value 
Integrated Cooling Load 

Instantaneous Cooling Load 
Charge Cyde Duration 
Charge Inlet Temperature 
Discharge Cyde Duration 
limiting Diacharge Cyde 

Outlet Temperature 
Discharge Wet-Temperature 
Reservoir Diameter 
Reservoir Depth 
Reservoir Volume 
Usable Reservoir Volume 

24.SOO    ton-hours   1310.193 
MJ)' 
3.20O toned 1.254 kJ/s)2 

16 hour»3 

40 *F (4.4»C)* 
t hours* 

42*F (S.S'C)* 
se'B-'ii^c)7 

10S.5ft (32.16 mj» 
41 ft (12.50 m) 
2.680.304 gai (10.161 m3) 

   30%*   
'Includes • 15% allowance for storage heat gain, transfer pump 
heat gain, and future intagratad coofing load growth. 
Includes a 14% aOowanca for future instantaneous cooling load 

growth. 
»Extends from 8:00 p.m. to 12&0 noon. 
'Limited by the density inversion of wstor at 39Jt*F (4^)#0. 
■Extends from 12XJ0 noon to 8:00 pjn. 
•United by economic sizing of the transfer pumps snd piping. 
limited by ths 58J»F (14.6»a svsrsgs design Issving wstsr 
temperaturs of the fsc3ity*s sxisöng chDled-water coofing coils— 
less s 2J,F|U"a sBowsncs forhypsss. laminar flow. ate. 
limited by the space available as wei as a zoning requirement to 
take a 10 ft 13.05 m) minimum property fins setback. 
•Recommended in the 8>RtStratif>i4aiB€dWmfrStong»D*siga 

Gutd». 

tore profile inside the cold storage reservoir and electric 
demand at the facility's power meter. 

DIFFUSER DESIGN CRITERIA 

In order to realize ■■■■■■ ■*» integrated cooling capa- 
city, die <*»fPT system must simultaneously jntrodnrri and 
withdraw flow from the cold storage reservoir with mmi- 
nrnm mechanical disturbances, i.e.. mixing, during the 
entire cyde of operation. This aQows a thermodme rone to 
form and tw«mr«4n separation of the fighter warm water, 
stored above, from the heavier cold water, stored below, 
without a physical barrier (Figure 2).3 Diffuser design 
criteria developed as the result of performance testing of 
various designs of diffuser systems mbo&scsJe-öodel and" 
prototypical naturally stratified, cylindrical, chilled-water 
storage t»nW (Wlldin and Truman 1989) were adopted for 
use in the application under study: 

1.   Inlet Reynolds number (Rej of 850 or less., 

Re, - qlv (1) 

where 

=   volume flow rate per unit diffuser length 
=   Idnematic viscosity of the inlet water. 

2.   Inlet Froude number (Fr.) of 2.0 or less.* 

30- 

z 
a 

s-?ir 
< 

K 
Id 
> 

10- 

}THERMOCLINE ZONE 
AFTER L503L932 GAL. 
CUMULATIVE FLDV 
<4.986 HRJ DURING 
DISCHARGE CYCLE. 

 I 1 1 « 

30 40 50 60 70 

TEMPERATURE C*F> 

Figure 2     Prediction ofthermal performance 

Fr,»«/(gxAl*xCJ'l-i».)/i>#)«
s (2) 

where 

g    —   acceleration of gravity 
ft*     aB     QiQiJXBinLl XQlCt OpCQtQff DCXSJii 

P,   =   density of the inlet water 
Pm   —   density of the amhimt water. 

3. Uniform flow velocity at all diffuser openings. 
4. Self-balancing at all flow conditions. 

SINGLE-OCTAGON DIFFUSER  

Recent research on diffuser performance disclosed that 
a single-octagon diffuser system (Figure 3) with an inlet 

TW mitt. tMfmeUm 
"Tl* Met Fraud« 

f.AH vtrv trrTTriN virv 

Figure 3      Single-octagon diffuser 

212 



Reynolds number (ReJ of 240 had produced little mixing 
and stratified well in t 35.300 gal (134 nr1), partially 
insulated, cylindrical, post-tensioaed concrete chilled-water 
storage reservoir (Wildin and Truman 1989). In repeated 
tests, the single-octagon diffuser system performed well, 
demonstrating single-cycle figures of merit as high as 
38.5 % under optimal operating conditions.3 Based on these 
results, the single-octagon diffuser system was selected for 
the application under study and an initial design was 
attempted. Because the resultant inlet Reynolds number 
(Re,.) of 1,508 was greater than permitted by the first 
diffuser design criterion,-aa-aaalytis-was-madc.to determine 
how it might be reduced. 

One "factor impacting the result was the system's 
relatively low discharge temperature differential of 15.0'F 
(8.3'Q, which caused its ma-rimum volume flow rate (ß) 
of 5,120 gpm (323 Us) to be relatively high.* Another 
factor impacting the result was the cold storage reservoir's 
relatively high height-to-diameter ratio of 0.39, which 
caused its diimrtrr to be relatively low and limited the 
effecdve length (L) of the angle-octagon diffuser system. 
Because the volume flow rate per unit diffuser length (g), 
which appears in the numerators of Equitions 1 «nd 2, is 
related to the ™-ri™™ volume flow rate (ß) and the 
effective diffuser length (I), «s shown in Equation 3 below, 
it became clear that both of these factors contributed to 
increasing the inertia of the water being introduced into the 
cold storage reservoir. 

q - <?/£• (3) 

The r«-""""" volume flow rate (ß) is a function of 
system design and cannot be changed by diffuser design 
practices. However, the effective diffuser length (L) is, by 
definition, a function of diffuser design. Therefore, the 
approach adopted to reduce the volume flow rate per unit 
diffuser length (q) and, in turn, reduce the inlet Reynolds 
and Froude numbers (Re,, Fr.) was to increase the effective 
diffuser length (I) of the octagonal diffuser system. 

DOUBLE-OCTAGON DIFFUSER 

Increasing the effective length (L) of the octagonal 
diffuser system was accomplished by employing two 
octagons, arranged concentrically, with both octagons 
centered on the-cold storage reservoir-s vertical.axis- 
(Figures 4 through 6). In order to promote formation of a 
uniform and continuous density current across the cold 
storage reservoir's entire plan area, each octagon introduces 
50 % of the m.TJTnum volume flow rate (Q). Also, the areas 
inside the inner octagon and between the outer octagon and 
the cold storage reservoir's circular wall are each equal to 
25 % of the cold storage reservoir's total plan area. Further- 
more, the are* between the inner and outer octagons is 
equal to 50% of die cold storage reservoir's total plan area. 

Based on the above, design of a double-octagon diffuser 
svstem was attempted (Appendix A), revealing that the 
double-octagon diffuser system had approximately twice the 

The fi»ure of merit ■ > fwnrmiimVm mAa «at «coouoa for 

Se^B^fer»ot»oen*«»n>feientw«»a-«od ** r—ervoir*i floor ud wmll. tad neu 

truufcr between dkc iiairvocr and its wjrn^md^^. 
•D'«ii>^etaBpcr»n«difrc««i»ko/10.0-fcj23.0*F(J.6*(ol3.9-C)«r.coaB»jo 

a ctimod-w»lcTd>gnn«l merp- «torn« ifyurmrir«», »Tin retrofit projeett mom.often 

Sean toward 4vc low end et d» rMf«. 
A Se^hl-lo-aUmeier nljo of 0.23 lad 0.33 - c—ideroi oc<im«l for » n«nir»ljy 

•i^afied cnillod-wner &erm»i cocrzf «cwvje ra«r»oir. 
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Figure 5       Double-ocazon diffuser 

Figure 6       Double-occzon diffuser 

effective iengih {D of the =: 
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iniet Frc-de cumber; irr; or - 
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= ■•.-. of the double- 
±z:.'- lo'^-er than the 

5J S :'jr :z± su:g!e-octagon 
jloje :z the value of 
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5 r- — ■ 11-*3 mm), 
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UNIFORM FLOW VELOCITY 

Having satisfied the first aad second diffuser design 
criteria pertaining to acceptable values for the inlet Reyn- 
olds number (Re,) and inlet Froude number (FrJ, respec- 
tively, it was next necessary to satisfy the third diffuser 
design criterion pertaining to uniform flow velocity at all 
diffuser openings. Regarding this, the single-octagon 
diffuser system had employed an inner pipe drilled with 
equally sized and spaced holes to promote uniform flow 
velocity along its entire perimeter length (Wfldin and 
Truman 1988; Figure 3). The outer pipe had a pattern of 
three longitudinal slot-shaped openings on either side of its 
vertical centerplane that introduced flow into the cold 
storage reservoir in individual flow streams, which dien 
merged to form a continuous horizontal density current 
propagating equally in both the inward and outward radial 
directions. 

In the application under study, these two functions were 
more cost-effectively accomplished by using equally spaced 
lateral slot-shaped openings along the perimeter lengths of 
the inner and outer octagons (Appendix B and Figure 4). By 
spacing 0.25 in. (6.4 mm) wide lateral slot-shaped openings 
at 6 in. (162 mm) and 10.5 in. (267 mm) intervals along 
the perimeter of the inner and outer octagons, respectively, 
(he total area of the slot-shaped openings in each of the 12 
in. (305 mm) diameter linear diffuser pipes was maintained 
equal .to the linear diffuser -pipes*"common'cross-sectional 
area, i.e., 0.78 ft* (0.07 ur), ensuring uniform flow 
velocity at all diffuser openings without using an inner pipe 
drilled with equally sized and spaced holes. 

Also, by centering the 120* (2-09 rad) lateral slot- 
shaped openings on the vertical centerplanes of the linear 
diffuser pipes, flow was introduced into the cold storage 
reservoir in individual fan-shaped flow streams, which then 
merged to form a continuous horizon fa? density current 
propagating equally in both the inward and outward radial 
directions in much the same manner as the single-octagon 
diffuser system. Furthermore, the low inlet velocity of 0.9 
ft/s (0.274 m/s) precluded turbulent, jet-like flow near the 
diffuser openings. 

SELF-BALANCING 
The last diffuser design criterion remaining to be 

satisfied pertained to self-balancing under all flow con- 
ditions. The single-octagon diffuser system had employed 
a distribution system involving" three flow-splinenTtbat 
distributed equally subdivided flow from a single incoming 
pipe at the cold storage reservoir's vertical axis into four 
horizontal branch pipes extending radially outward (Wildin 
and Truman 1988; Figure 3).* la turn, the four horizontal 
branch pipes introduced the flow into four reduced-diameter 
inlets spaced equally along the octagon's perimeter length. 
This distribution system was adopted for the double-octagon 
diffuser system with two modifications (Figure 4): 

1. Flow-splitters were added in the horizontal branch 
pipes at the mid-point between the inner and outer 
octagons. 

2. Pipe Mmm^t^r reductions were taken at each flow- 
splitter rather **■»" at the inlets to the inner and 
outer octagons. 

In this manner, the distribution system for the double- 
octagon diffuser system maintains the symmetry and equal 
pressure drop characteristics of the single-octagon diffuser 
system, ensuring equal subdivision of flow. In addition, the 
distribution system for the double-octagon diffuser system 
reduces flow velocity and momentum by nearly 75 % before 
it reaches the inlets to the inner and outer octagons. This 
reduces dynamic pressure at the inlets to the inner and outer 
octagons and, in turn, reduces viscous pressure drops and 
static pressure gains inside the 12 in. (305 mm) diamrt/r 
Ihyr diffuser pipes, ensuring uniform internal stinr 
pressure throughout the inner and outer octagons and 

-promoting uniform flow velocity at all diffuser openings.1" 
In the application under study, the m»Tmmm flow 

velocity at the inlets to the inner and outer octagons is 1.84 
ft/s (0.561 tn/s). Because the flow splits equally into two 
directions as it enters the inner and outer octagons, its 
maximum velocity inside the linear diffuser pipes is reduced 
to 0.92 ft/s (0.280 m/s)—approximately equal to the desired 
maximum outlet velocity of 0.9 ft/s (0.274 m/s). 

COMMISSIONING 

Following completion of the construction phase, the 
chilled-water thermal energy storage system was started up 
on August 13, 1990, according to systematic, documented 
start-up procedures (Utesch 1990). During a comnnssaomng 
phase *r*-"«"g from August 13 to August 31. 1990. the 
system was operated continuously at full-load cooling 
conditions; the operators were closely supervised in die 
operation of the system; die system was tested, adjusted, 
and }«>i»rr-Mi- md operational problems were identified and 
corrected.11 

The system performed as intended, allowing the 
facility's central chiller plant to be entirely shut off from 
12:00 noon to 8:00 p.m. daily during full-load cooling 
conditions and fulfilling its objective of shifting 2.9 MW (e) 
of electrical demand from on-peak to off-peak (Figure 7). 
During a single cycle of operation extending from August 
24 to August 26,1990, the cold storage reservoir was fully 
charged, dim fully discharged, demonstrating a maximum 
integrated cooling capacity of 27,643 ton-hours (349.993 
MJ) and a figure of merit of 92.2% (Table 2). 

Of particular significance is the small difference of 
1.1'F (0.6*Q between the average oudet temperature 
during discharging and the average inlet temperature during 
charging, which directly-measures the loss of integrated 
cooling capacity during storage. This result evidences little 
mixing below the thermocline zone during charging and is 
attributable to the low inertia of the inlet water as it is 
introduced into the cold storage reservoir (Wildin 1989). 

Following completion of the commissioning phase on 
August 31, 1990, the operational phase commenced on 
September 1,1990, under the local electric utility's time-of- 
day rate option and with the system's control functions 
being performed automatically according to systematic. 
documented operating and maintenance procedures (Utesch 
1990). 

'A rfcouy cwronc m « hFw-ttladty. mimou^iml current not ana 
tenm tfac ceU «one« wrtnir'i floor «od gcotly diapkoa A« W— in— 
«ur uowmid. 
*A Ho« apliotr ■ > "Wr»-»»d" «■« *■» t*»»r divido» ■ aa«k 
•mm aio K»o outcome flow «T»»B* mvtlii* B oppoaii*diracooo> 

flaw 

*Vma*m in—ore drop« «no *»be pw« rü« ■•"• • diffi-cr «ipc •« Vo* 
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TABLE 2 
System Thermal Performance1 

Parsmatar 
Duration 
High Row Rat* 
Low Row Rat« 
Avg_ Row Rat« 
Total Row 

% Tank Voluma 

Start Mat Tamp. 
End tntat Tamp. 
Avg_ Mat Tamp. 

Start Outlat 
Tamp. 

End Outist Tamp. 

Charoa Cvda 
894 min 

4.832 gpm (232 L/tl 
314 gpm (20 L/e) 
3.243 gpm (205 Ut) 
2.899.254 gal 
(10.998 m3) 

108.1% 

50-5»F(l0J»O- 
3S.2«F {3.4«a 

41.2#F(S.1»a 

S7.4«F(14.1»C) 
42-1,F{S.8»CJ 

Olscharoa Cydf 

Avg. Oudat Tamp. 56.0'F (13JJ»a 
Avg. Tamp. Oiff.    14J»F(8.2»a 
Avg. Enargy Rata 

Total Enargy 

2.001 ton* 
(7.038 U/s) 
29,813 ton-hours 

(367.339 MJ) 

883 min 

4.159 gpm(262L/t) 
2.861 spm (188 Ua) 

3.071 gpm (194 U/s) 
2.05O.484 gal 
(10.045 m3) 
98.9% 

-68iO*F<14\4»C) 
64.4»F(18.0»C) 

57.3»F(14.1»0 

42.1 »F (5.8*a 
57.2»F (14.0'C) 
42J»F(5.7«C) 
15.0«F(8.3»C) 
1.922 tons 
(6,760 IcJ/s) 

27,633 ton-hours 
(349,993 MJ) 

r-—i 

QfT-PEM GN-PEAK OfT-?D«C 

»1183*0   14   0*17 

TIHC  Or   DAT 

9 a a a a N 

• VCB. SEPT. ia 1590 CATTOÖ 
■ Tut. JUNG. 24. mo CSCrORO 

Figure 7     Electrical demand 

Cyda Tharmal EfftcMncy       - 27,833/29,813 - 92.7% 
Rgura of Marit        - (27.833 x 12.000)/(2. 680,904 x 8.33 x 

1.0 x (57.3 - 41.2)).- 92.2% 

This tharmal' parformanea taat was eonduetad during a singla 
eyda of operation axtanding from August 24 to August 26,1990. 
midway through tha systsm's commissioning phasa. As of that 
waakand. eartain control functions wara still baing parformad 
manuaBy. Also, data wara takan at varying intarvaJs rathar than 
continuously. Osspita thasa srnbigwoas, tha rasutts indicata that 
tha systam stratifiad w*8 and producad batxar-thsn-axpactad 
thsrmai parformanea. 

DISCHARGING 

Daring   foil-load  cooling   conditions,   discharging 
commence» shortly before 12K» noon daily (Figure 8). AH 
four cmHere and ail of their auxiliary equipment are *"HIM 
off and juat two 40-hp (29.8-kJ/s) constant-speed *r»«ff»r 
pumps, one 40-hp (29.S-kJ/8) variable-speed crtsmTwitioa 
pomp serving Zone 1, and-one-100-hp (74;tf-kJ/s) VariaSle- 
speed distribution pomp serving Zone 2 are operated to 
meet the facility's cc-peak cooling load, which ranged from 
2^28 to 2,800 tona (8,891 to 9.848 kJ/s) and totaled 
21,248 ton-hours (269,025 MJ) on July 17,1989. Tina, at 
full-load, total pumping energy for the facility totals only 
0.06 kW (e) per ton (0.02 kW [e] per kJ/s). The «figitany 
controlled pressure-sustaining valve in the line transferring 
warm water to the cold storage reservoir (PSV-1) is active 
and antomatically mnAnU*** to vary the secondary supply 
tenrperatnre from 45# to 52*F (7-2* to 11.1 #Q in order to 
maintain the secondary return **■"(>»'itnm at a setpoint of 
56.0-F(13.3'Q.° 

For example, if the secondary return temperature drops 
to 55*F (12.8#C), a -1.0"F (-0.6#C) deviation from its 
setpoint, PSV-1 closes slightly, raising the system's sus- 
taining pressure and throttling the constant-speed transfer ~ 

(M.2*C)*id.aa 
v«k»af57J*F 

MtnonuiDiMn   saw t 
tnt enc «a it. esouaa eau 

-.;> 

Hi 

J-..W     ■« 
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|5i    . 1.1 L' : 

:t 

an tr*. »rr. 
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• *■"■' *'-- • -1-1- 

3tJ- 
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VM.VCX ty UUJOH CMia* 

iHOHUiT-sraAnra 

Figure 8      Discharging cycle 

puiiH* con«iitfitfwimthetraiurferpurnp«'comiiKaicnt-orT 
and run-out pressure limits. This reduces the flow of 41 *F 
.(S.O'Q.coId water from the- cold storage reservoir and 
causes more of the warm water returning from the secon- 
dary system to recirculate into the suction of the secondary 
distribution pumps via the one-way crossover K~» m this 
manner, the temperature of the blended water entering the 
secondary system is "floated"—consistent with maintaining 
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space temperature and humidity limits—in order to raise the 
secondary return temperature back to ita aetpoint. 

To preclude "hunting," the control algorithm only 
adjusts the secondary supply temperature by -50% of the 
deviation between the secondary return temperature audits 
setpoint- In the example given, the adjustment to the secon- 
dary supply temperature would be -0.5 times — 1.0'F 
(-0.6'Q equals +0.5'F (+0.3'Q. Also, after an ad- 
justment to the secondary supply temperature is made, a 
five-minute delay is imposed to allow the wanner blended 
water to circulate entirely through the secondary system and 
cause the secondary, return temperature to_rise. Thus, mis 
interactive flow control method not only synchronizes 
primary/secondary flow rates, but it also ensures a constant 
secondary return temperature, even at part-load cooling 
conditions- Furthermore, it mmimi7f.s the flow rate of 41#F 
(5.0*C) cold water from the cold storage reservoir, thereby 
extending the discharge cycle. 

CHARGING 

During fiuWoad cooling conditions, charging commen- 
ce« shortly after 8:00 p.m. daily (Figure 9). All four 
chillers and all of their auxiliary equipment, less designated 
back-up chilled-water and condenser cooling water pomps, 
are operated in order to simultaneously meet the acuity's 
offrpeak cooling load,.which.ranged from 1,980 to 2,601 
tons (6,964 to 9,148 kJ/s) and totaled 34,790 ton-hoars 
(440.483 MJ) on July 17,1989. as well as to regenerate the 
cold storage reservoir for the next day's on-peak cooling 
load, which totaled 21,248 ton-hours (269,025 MJ) on My 
17. 1989. Allowing 1* for storage reservoir andjransfer 
pump heat gains, the faculty's 4,200-ton (14,771-kJ/s) 
central rhilW plant most operate at an average load of 
3,516 tons (12366 kl/s) during the 16-hour charge cycle. 
Or. if the facility's 4.200-ton (14,771-kI/s) central chafer 
plant is continuously operated at full load, the charge cycle 
■-«n be rompl***^ in 13.4 hours. 

The laoer method of charging was adopted because it 
consumed less total energy. That is, although the amount of 
cooling produced by the chillers is equal, die amount of 
energy '•on«"TTy«* by the auxiliary equipment is 16.3* less. 
This is accomplished by setting each chiller's control panel 
to m»i"ta'" an evaporator leaving temperature of 38.0*? 
(3.3'Q and externally throttling each chiller's evaporator 
flow rate to i"""'" an evaporator leaving temperattreof 
39.5 'F (4.2'Q—consistent with each evaporator's min- 
imum and maximum flow rate limits. 

In operation, the evaporators' leaving temperatures 
regain at 39.5'F (4.2'Q and the chillers cannot satisfy 
their internal setpoints of 38.0'F (3.3°C). As a result, their 
inlet guide vanes remain fully open, and they operate at 
10056 of capacity throughout the charge cycle. As the 
evaporators' common entering temperature and the con- 
densers' rnmmrm entering temperarure vary during charg- 
ing, die digitally controlled, evaporator flow-throttling 
valves automatically modulate to maintain each evaporator's 
leaving temperature at 39.5'F (4.2'Q. thus preventing the 
chillers from unloading. This method of chiller operation is, 
therefore, not only more efficient than the part-load meth- 
od, but it also provides a more constant evaporator leaving 
temperature. . 

Also, division of the 39.5 *F (4.2'Q flow leaving the 
evaporators is synchronized between the secondary system 
and the cold storage reservoir using the same interactive 
flow control method as described for discharging, with the 
only difference being that the active pressure-sustammg 
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Figure 9      Charging cyde 

valve (PSV-2) is in die line transferring cold water to the 
cold storage reservoir. This maTTrrri7r« die flow rate of 
39.5*F (4.2'Q cold water to die cold storage reservoir, 
thereby shortening die charge cycle. 

SWITCHING OVER 

Switching over between cycles is accomplished by six 
digitally arftt»—* flow-direction control valves installed in 
the transfer pump socden/discharge/bypass manifold, as 
well as one digitally actuated flow-direction control valve 
installed in the cMTferpmnp^suction header (Figures 8 and 
9).For Otis large-diameter, fail-safe application, pnrnmaric 
r^it«»«tT« were more reliable and much less expensive than 
electric actuators. Based thereon, butterfly valves with 
pneumatic scotch-yoke actuators having fail-safe air reser- 
voirs were specified for flow-direction control. Also, two 
electronic limit switches were installed on each flow- 
direction control valve in order to provide positive feedback 
of valve position to die control system. 

These valves automatically reverse the direction of flow 
in the lines transferring warm and cold water to and from 
the cold storage reservoir by opening or closing, as ap- 
propriate, in a prescribed "combination*' that precludes 
hydraulic shock or loss of system-sustaining pressure. Also, 
the active pleasure-«staining valve becomes fully open and 
the fully open pressure-sustaining valve becomes active 
during cycle switch-over. 

During switch-over from the charge cycle to the 
discharge cycle, flow direction to and from the cold storage 
reservoir is reversed before the central chiller plant is shut 
off. Conversely, during switch-over from the discharge 
cycle to the charge cycle, the central chiller plant is started 



up before flow direction to and from the cold storage 
reservoir is reversed. Thus, in the event a flow-direction 
control valve malfunctions, the secondary system's supply 
of cold water is uninterrupted. Also, this method of 
switching over avoids starting and stopping transfer pump« 
during cycle switch-over and requires only a single act of 
three transfer pumps (Figure 10), each sized at 50% of 
required capacity, with one designated as a dedicated 
backup. 

PART-LOAD OPERATION 

Because the Vacuity has "rieaimximsT computer rooms;— 
manufacturing equipment (e.g., vapor degreasers), and 
facility equipment (e.g., compressed air aftercoolers) that 
require continuous cooling, its daytime cooling loads 
»verage 1.242 ton« (4,368 kJ/sV9,941 ton-hours (125,865 
MJ) from October to May.u Thus, year-round operation of 
the chilled-water thermal energy storage system is feasible 
and is practiced in order to reduce annual energy con- 
sumption as well as peak electrical demand. 

Beginning on October 1. 1990, the inlet water temper- 
ature to the cold storage reservoir during charging wu 
raised from 39.5'F (4.2'Q to 42.5'F (5.8#Q, increasing 
chiller capacity by approximately 5*. Also, by operating 
with 70.0'F (21.1*Q condenser cooling water at part-load 
cooling conditions, rather than 83.0'F (28.3'C) condenser 
cooling water at full-load cooling conditions, chiller - 
rapacity was increased by an additional increment of 
approximately 6%. Thus, ill four chillers and au of their 
auxiliary equipment were not needed to simultaneously meet 
the faculty's reduced nighttime cooling load a« weü as 
regenerate the cold storage reservoir for the next day s 
reduced daytime cooling load. 

Also, beginning on October 1, 1990. rather man 
:ommencing the charge cycle shortly after 8:00 p.m. daily, 
is was the practice during full-load cooling conditions, start 
of the charge cycle was delayed until nearly all of the cold 
water in the cold storage reservoir was depleted. Thus, the 
discharge cycle typically totaled 10 to 14 hours during part- 
load cooling conditions, rather than only 8 to 10 hours 
during full-load cooling conditions. 

CONCLUSIONS 

In the application studied, naturally stratified chilled- 
water thermal energy storage ha* proved to be a_yiable,. 
cost-effective means of reducing the facility's annual 
electric costs and offsetting anticipated electric rate in- 
creases. The system's cost, schedule, performance, reliabil- 
icv, and profitability have all exceeded expectations, with 
the last criterion being boosted by the impact of nuclear 
generating station construction costs on the demand charge 
Is well as the sensitivity of the energy charge to load factor 
improvements. Also, several advances in water storage tank 
construction, diffuser design and performance, plant 
interface methods, system commissioning practice«, fF**** 
operating strategies, and flow/temperature control tech- 
ruques have been demonstrated- Finally, the importance of 
.-ound planning, good design, committed management, and 
proper commissioning, operation, and maintenance in 
successful thermal energy storage has been underscored. 
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Figure 10    Transfer pumps 
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APPENDIX A 

Double-Octagon Diffuser Design 

Total Tank Plan Area 

3.1416 X (105 J tUlf - 8,741.7 ft1 

inner Octagon 

Area Inside Inner Octagon 

8,761.7 ft1 x 0.25 = 2,185.4 ft* 

Radial Distance to Elbow Joint of Inner Octagon 

(2,185.4 fA3.1416)* - 26.4 ft 

Perimeter Length of Inner Octagon 

8 X 2 X 26.4 ft X sin 225* - 161.5 ft 

Effective Diffuser Length (L) of Inner Octagon 

2 x 161.5 ft - 323.0 ft 

Maximum Volume Flow Rate (ß) of Inner Octagon 

5,120 gal/min/(60 sAnin X 7.48 ftVgal X 2) = 5.71 
fcVs 

Volume Flow Rate per Unit Diffuser Length (g) of Inner 
Octagon 

5.71 ftVs/323.0 ft » 0.0177 ftVs 

Inlet Reynolds Number (Re,) of mner Octagon 

0.0177 frVs/0.000016576 ftVs - 1,068 

Minimum Inlet Opening Height (ÄJ of Inner Octagon to 
Yield an Inlet Froude Number (FrJ of 1.0 

(0.0177 fWs/1.0)*V(32.17 ft/s* X (62.42630 lb/ft3 

- 62.38641 lb/ftV62.38641 lb/ft,y* - 0.25 ft1 
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Outer Octagon 

Area Inside Outer Octagon 

8,761.7 ft1 X (1.0 - 0.25) - 6,570.5 ft1 

Radial Distance to Elbow of Outer Octagon 

(6,570.5 ftV3.1416)* - 45.7 ft 

Perimeter Length of Outer Octagon 

8x2 x 45.7 ft X sin 22.5' =• 279.3 ft 

Effective Diffuser Length (L) of Outer Octagon 

2 X 279.3 ft - 558.6 ft 

Maximum Volume Flow Rate (ß) of Outer Octagon 

5 120 gal/mm/(60 s/xnin x 7.48 ftVgal x 2) = 5.71 
ftVs 

Volume Flow Rate per Unit Diffuser Length (?) of Outer 
Octagon 

5.71 ftVs/558.6 ft » 0.0102 ftVs 

uuet Reynolds Number (Re,) of Outer Octagon 

0.0102 ftJ/s/0.000016576 ftVs - 615 

Inlet Froude Number (FrJ of Outer Octagon with a Mini- 
mum Inlet Opening Height (AJ of 0.47 fr 

0.0102 ftVs/(32.17 ft/s1 X (0.47 ft)3 X (62.42630 lb/ft-' 
- - 62.38641 lb/ft))/62.3864I lb/ft3)* = 0.22 

■For etc of jr"—""="-. lb« inlet opening heights (ftj of the inner aaa 
outer octagon» we*» both »et «t 0.47 ft. 

APPENDIX B 

Lateia^Slot-Shaped-Opeoing» Design 

Maximum Volume Flow Rate (0 of Each Linear Diffuser 
Pipe 

5,120 gaiymin/(60 s/min X 7.48 ftVgal X 16) = 0.71 
fiVs 

Inner Octagon 

Length of Each Linear Diffuser Pipe in Inner Octagon 

161.5 ft/8 - 20.2 ft 

Spacing between Openings along Each Linear Diffuser Pipe 
in Inner Octagon 

Number of Openings along Each Linear Diffuser Pipe in 
Inner Octagon 

20.2 ft x 0.8/0.5 ft = 321 



Maximum Volume Flow Rate (£) of Each Opening in Loner 
Octagon 

0.71 ftVs/32 - 0.022 ff/e 

Minimum Area of Each Opening in Inner Octagon to Yield 
a Maximum Outlet Velocity of 0.9 ft/a? 

0.022 ftVs/0.9 ft/a =- 0.024 ft2 

Minimum Cross-Sectional Area of Each" "Linear Diffuser 
Pipe in Inner Octagon 

32 X 0.024 ft1 = 0.77 ft? 4 

Length of Each Opening in Inner Octagon 

0.33 X (12.75 in. - (2 x 0.406 in.)) x 3.1416/12 
in./ft - 1.03 ft 

Minimum Width of Each Opening in user Octagon to 
Yield a Maximum Outlet Velocity of 0.9 ft/a 

0.024 ftVl.03 ft - 0.023 ft 

Outer Octagon* 

Length of Each Linear Diffuser Pipe in Outer Octagon 

279.3 ft/8 - 34.9 ft 

Spacing between Openings along Each Linear Diffuser Pipe 
in Outer Octagon 

34.9 ft X 0.8/32 - 0.87 ft2 

*Iiii atbJBacy «rtwtion wm» miiii to iaitiata tho aofcition algorithm. 
*A 30% aBowaac« wu takaa to an-mii* for fitting» tad ofltcu that block 
out opcaiagB.* 
Tliii mlinilj ■■■ ilifin iTnarl tij- irili mnrlrl ri«r!m rnnilnrrt fin « 325- 
gtOea aansmBjr aaaiiSad cyfiadrical atock tank. 
*12-ta.-diaBatar Scbadob 40 PVC pip«, having aa ootar dlamcfar of 12.75 
in. «ad a «ail Akkaaaa of 0.406 in., piovidaa a tin— ■■■tiij—l ana of 
0.71 ft». 
Tor aaaaaad mtmtwuj of Sacar alffiiarr pip« fabrication, the pip« aai 
opening ana dataraiaad for *• iaoac octagon wot» adapted far aW ooatr 
octagon. Ibaa, only Aa laoglaa of Aa Easar dttSiaar pqpaa aad tha apocaaj 
batwaAa aim ahiptit rpriup »ariod batwaia Aa inner and ouur oc- 
tagon«. 

DISCUSSION 

John S. Andrepont, Product Manager-Thermal Systems, 
Chicago Bridge & Iron Co-, Oak Brook, IL: m light of 
the act that die AWWA code for prestressed concrete tank 
construction permits up to 0.1% leakage per day (roughly 
1 million gallons per year for your 2.7 million gallon tank) 
vs. zero leakage förwelded-steel tanks, please comma* on 
what special precautions, if any, were taken regarding 
selection of water treatment fft^mi'*a^g to """'""^ concerns 
of soil contamination. 

D.P. Fiorino: Regarding leakage, our picstrcssed concrete 
chilled-water stoiage reservoir measured zero leakage 
during a leakage test conducted according to Section 4.13 
of ANSI/AWWA Standard D110-86 in June 1990 and has 
measured zero leakage «««•» The overall result has been a 
cost-effective (less than S0.25 per galIon)-and-«ompletely- 
maintenance-free structure. 

Regarding water treatment chemicals, we had employed 
a blended compound of silicate-based corrosion inhibitors, 
deposition controllers, and biofouling retarders at a con- 
centration of 1,000 ppm and a pH of 8.5 for several years 

prior to installation of our prestressed concrete chilled-water 
storage reservoir and have continued this inexpensive and 
effective water treatment program since. Because sflicate- 
baffd Mntr-r ft**tm*nt rf^rfrW-^tc ar». nrmtrvrie: mrf nnthanK 

dbus, me chilled-water storage reservoir is not an EPA- 
regolated underground storage tank (UST) and special 
precautions relative to potential sou contamination were not 
required. And, brw» silicate-based water treatment 
rbrmirah are nonreactive with concrete, treatment of the 
prestressed concrete chilled-water storage reservoir's 
interior surfaces was not required. 

Finally, one twttw highly important to successful 
thermal energy storage in either prestressed concrete or 
welded steel chilled-water storage reservoirs is pre-opera- 
tional cleaning. Effective removal of contaminants before 
start-up of a thermal energy storage system precludes a 

-■ wide-variety -of "future ■problemsand failures. In the ap- 
plication under study, we employed the pre-operational 
cleaning procedures outlined in Table 4-1 of Water Treat- 
ment Technologies for Thermal Storage Systems 1987, 
Ahlgren Associates, for the Electric Power Research 
Institute, Palo Alto, CA. 
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Thermal Energy 
Storage Program for the 1990s 

Donald P. Fiorino, P.E 
Texas Instruments, Inc. 

P.O. Box 655474-MS 3U 
Dallas, Texas 75265 

Introduction 

Texas Instruments has duDed water thermal energy storage systems 
in operation at two of its major defense electronics manufacturing facilities 
in North Texas. The first system was commissioned in August 1990 at a 10- 
year-old, 1.1 million sq ft Electro-Optics manufacturing facility in Dallas, 
Texas- Itscapaciryis2^00 kW/2Jmffliongal/24.500 ton-hours.Thesecond 
system was commissioned in June 1992 at an eight-year-old, 1.2 million sq 
ft Avionics manufacturing facility in McKinneyl Its capacity is3,200 kW/3.1 
million gal/28,800 ton-hours. This paper will discuss the objectives, strat- 
egy, method, design, operation, schedule, cost, return, and performance of 
the first system within die context of the energy cost outlook in North Texas 
as well as existing conditions at the retrofitted facility. In addition, mis 
paper will describe improvements in operation of the first system as well as 
advancements in design of the second system. 

Energy Cost Outlook 

Theenergycost outlook in North Texas is dominated by the2,300MW 
Cbmanche Peak Nuclear Generating Station. In mid-1989, when formal 
economic analysis of the first thermal energy storage system was being 
performed, Cbmanche Peak was more man 11 years behind schedule and 
was more than 10 times as expensive as originally estimated. Its two 1,150 
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MW nuclear eenerating units were scheduled to begin commercial opera- 
to SSd££ first in 1990 and the second in 1992. ComancheTeak 

wastnenpru^. separate 10% rate increases as each nuclear 
were planning "J^nW ^ ^ Q^^ Pealc Unit «1 did 

«^increSin August of that year. However, start-up of ComancheTeak 

U^t^beende^un^^^^^ 
to cost $10billion-Sn billion when completed. ^^^^ 

..   ^««^-«aTv for the utility to recover the high fixed cost 
dTa^n<^^»^cW(Sm^P^Unit#l.theden^r^darge ofitsmvestrwmtInAecaseofC^r«ner« • $ 072/ 

for Drimary voltage customers increased 54% from S6.98/kW to »IU./*/ 
k^PX doractlLic of nudear rate cases, the less expensivejiranium 

n££uc^ut^^ 
thefudchargeforprhnaryvoltagecustomersdecreasedl4%frorr^ 
^toÄAV^kir^aheaiCbn^nchePeakUra^ 

to^lUnasecorduKreasemu^de^ 
mttefudcharg^bomofapproxinutery^ 

^^Lmacuston^sperspective ^^^T^^ 
becorr^muchn^importantthanb^ 
kflowatt hour usage has become somewhat less important And, fromthe 
^sWctiS, demand-side management has become more impor- 
^f£Äcomanche Peak^e ^^^"S 

struction of three planned generating stations. 

Existing Conditions 
•Die HectroOptics manufacturing facility was a modular, one-«d 

two-floormanufactunngcomplexh^^^ 
«ound cooling loads. Its annual energy usage was »PP^^^^T 
£u/sa ftfvoting toads consisted of: (1) space air coohng/dehunudi- 



cooling/dehumidifying to replace exhausted space air; and (3) water 

~nt condensers on environmental test chambers, vapor condensing coüs 

cooling dem?nd factors were both approximately 75%. *^**%* 
P^kcLüng.oadwasappn,xin*W 
peak cooling kilowatt demand totaled approxunately 33% of its peak 

^ Äed water generation, the EVe^«^, 
facilitv wasequipped wimacentralcWllerplarawimparandarrar^ernento 

redundant chillers, pumps, and cooling towers for *^ **"" 
consisted of four low pressure centrifugal madunes havmg «*««* 
Srertdrive hermetic compressors. CFC-11 refrigerant, refngerant econo- 
t^sZ Ir^Ser M«^™*. Installed <^<-£*£" 
4.200 tons, wKhone 1,200-ton chfller designated «»dedicated backup. 

Regarding chflled water dilution, the HectroOptKsrnanu^ 

neWk with five, 125-hp primary pumps in the primary >*»» 
u^iatelyupstreamoftr*chfflers.Fre^ 
at the suction of the primary pumps, and twoprimary "^«^ 
direct<onnected to the primary supply and returnjnains. A secondary 
cLit(fbrec^iprnentcooling>wasphy^^ 
from the prSury circuit by a shell/tube heat exchanger. P"™^** 
temperature was maintained at 45'F. and secondary supply temperature 

^mme^tSrnanufr^^ 

systemYchie^ 
neak cooling toads but feu to as low as 8»F O gpm/ton) at partial coohng 

^Tdemand and the chOlers' fixed evaporator flow limits w« resold 
byrmop^ongthechfflersparuyk^ded^ 
rLand^w^evaporatortempera^ 
excess return water through the evaporator ofan °ff;**?*^ 
reducing the evaporator outlet temperatures of ^^J^fT 
45-F in order to maintain . 45«F -blended" «^^~ *SE 
125hpprir«rypurr^r^rmanycperatedwentothenghtofu^ 

points. 
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Energy Management Objectives 

After consideration of the energy cost outlook in North Texas and 
e3dsdnecondirionsintr^Hectro<)pticsrnanufacruringfaciliry,fourei>ergy 

management objectives were adopted, first, elerfridty cos^whid.ac- 
counted for more than 90% of total energy costs, needed to be reducedIfrom 
levels in effect prior to the Comanche Peak Unit #1 rate case in order to 
reduceexpensesandimprovecompeotiveness. Second both of «he upconv 
ing Corr-nche Peak rate increases needed to be entirely offset m <*der to 
maintaincontrol of energy costs. Third, excess kilowatthourusagerdated 
tolive.lMdchillerpUntoperationwededtobereduced.Fburt^anycap.tal 

project undertaken to accomplish the first three objectives needed to: (1) 
eaman attractive after-tax return with little risk; G) have no adverse 
environmental impact; and (3) be consistent with future conversion of the 
existing chillers to HCFC-123 refrigerant. 

Energy Management Strategy 
Cbgeneration,rjurchasec^highvoltageelectricity,and thermal energy 

storage were evaluated for technical feasibility, economic attractiveness, 
and conformance to the energy management objectives outlined above. 
Coeeneration was unacceptable because of its combustion emissions and 
tSmcaUyinfeasibleduetoalackof beneficial use for waste heatPurchase 
ofWghvdWelectridtywastechm^^ 
artratfve than thermal energy storage because of: (1) the need to purchase 
and install redundant transformers, transmission lines, switchgear, etc in 
order to assure reliability; and <2> the large utility incentive payments 
offered to install thermal energy storage. Also, purchase of high voltage 
electricity would only partially offset the Comanche Peak Unit #2 rate 
increase and would do nothing to reduce excess kilowatt hour usage by the 
central chiller plant. 

Having selected thermal energy storage as the best energy manage- 
ment alternative for the manufacturing facility, determining a strategy for 
its implementation was straight-forward. Simply put, all 2,900 kW of peak 
cooling demand would be shifted from peak demand periods/«./noon to 
8:00 p.m., to off-peak demand periods, Le., 8:00 p.m. to noon. A new 
thermally stratified dulled water storage reservoir would be intercon- 
nected with the fadlit/s existing 4.200 ton central chiller plant in order to: 



(Dminimi2ecapitalexpenditures;and (2) simultaneously satisfy thefadlit/s 
nighttime cooling load and recharge the thermal energy storage reservoir. 

The large incentive payments and the favorable Tune-of-Day" rate 
option offered by the utility would be taken advantage of in order to reduce 
electricity costs. In addition, kilowatt demand savings from thermal energy 
storage would be leveraged" by the large increases in the demand charge 
associated with each unit of Comanche Peak. Also, by operating the central 
chiller plant fully loaded at nighttime, excess kilowatt hour usage associ- 
ated wimUve-loadchfflerplantoperationwouldbeeBrninat^ 
chilled water thermal energy storage using non-hazardous water treatment 
chemicals had no adverse environmental impact Finally, chilled water 
thermal energy storage could tolerate the 5%-15% decrease in chiller 
capacity normally associated with conversion to HCFC-123 refrigerant 
with no adverse impact on integrated cooling capacity. 

Thermal Energy Storage Method 

Several factors favored thermally stratified chilled water storage in 
the first application. In addition to the availability of the existing 4,200 ton 
central chiller plant to generate and to distribute chilled water, the cost, 
efficiency, simplicity, reliability, and maintenance of a large thermally 
stratified chilled water storage reservoir were superior to either ke or 
eutectic salt storage alternatives. 

Thus, a 2.7 million gal thermally stratified chilled water storage 
reservoir was designed to provide 24,500 ton-hours o( integrated cooling 
capacity with a 15°F average discharge temperature differential and 90% 
usable volume for the FJectro-Optics manufacturing facility. An AWWA 
Standard Dl 10-86 (Type ffl) cylindrical precast, prestressed concrete water 
storage tank with an interior diameter of 105 ft - 6 in and a water capacity 
level of 41 ft was installed to meet me requirement The tank was buried to 
the top of its circular wall, and its dear-span spherical dome roof was 
insulated with2-in thick spray-on polyurethanefoam, a butyl rubber vapor 
barrier, and a highly reflective white outer coating. 

Its concentric ring diffuser system consisted of two octagons fabri- 
cated using 12-in diameter PVC pipe having 120» arc by 1/4-in wide lateral 
slot-shaped openings. Reynolds numbers of the concentric ring diffuser 
system were 1,068 for the inner octagon and 615 for the outer octagon, with 
a common inlet opening height of 5-5/8 in, the Froude numbers of the 
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concentric ring diffuser system were 038 for the inner octagon and 0.22 for 
the outer octagon. 

Transfer pumps and piping were sized for 5,120 gpm and consisted of 
two 16-in diameter buried, pre-insulated, welded-steel pipes and three 40- 
hpvertical,split<ase,centrifugalpumps,eachsi2edfor2^75gpm,withone 
designated as a dedicated back-up. Two-position pneumatic direction 
control valves with fail-safe air reservoirs and electronic end switches were 
installed to reverse flow direction between thechüled water storagereservoir 
•i^thecentralcWnerpUntduringcydeswitch^ver.Also,rwonK)duUtmg 
pneumatic pressure-sustaining valves having fail safe air reservoirs were 
installed to continuously inaintam5psigpressureatthehighestrx>mtmthe 
facility's chilled water distribution system. 

The Hectrc^pticsfadlir/sexistingchUled waterdistribution system 
was modified by installing pairs of variable speed booster pumps in the 
supply lines of each of the primary sub-circuits to automatically maintain 
individual sub-circuit differential pressure setpoints. In addition, cross- 
over piping was installed between the primary return main, downstreamof 
the downsized 30-hp primary pumps and the suction lines of each pair of 
boosterpunips.Modulatingpneumatictenuxrature-regutatmgvalv^ 
installed in both branches of the crossover piping to "inject" warm return 
water into the suction lines of each pair of booster pumps. These valves 
automatically adjusted each primary sub-dronf s supply temperature in 
order to maintain individual return temperature setpoints and the latter 
were automatically reset based on outdoor air enthalpy. 

Lastly, a direct digital control system consisting of 70 input/output 
points. threedisml>utedcontrolpanels,and a PC-based graphical monitor/ 
operator interface was installed. Displays included the facility's hourly 
kilowatt demand profile, the storage reservoir's vertical temperature dis- 
tribution, valve positions, flow rates, temperatures, pressures, etc In addi- 
tion, the control system calculated the integrated cooling capacity of the 
storage reservoir and continuously updated the operator as integrated 
coolmgcapadtywasadded during tr«chargecycle and withdrawn during 

the discharge cycle. 

Thermal Energy Storage Operation 

The thermally stratified chilled water storage system at the Hectro- 
Optics manufacturing facility b operated to fully shift cooling kilowatt 
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demand to nighttime. 
From 8.00 p.m. to noon daily, the facility's existing central chiller plant 

is operated to: (1) provideKve-load chilling to satisfy thefadlit/s nighttime 
cooling load; and (2) charge the chilled water storage reservoir. By setting 
the chillers' control panels for 38»F and modulating external pneumatic 
temperahmMeguUtingvalvestoactuallyinamta^ 
leaving water temperature at 393°F, the inlet guide vanes stay fully open 
and the compressors stay fully loaded throughout the charge syda. Then, 
given: (1) consistently high evaporator inlet temperatures of 56°F-59*F 
because of automaticcontrol of sub-drcuitreturn temperatures duringboth 
the current nighttime charge cyde and the previous daytime discharge 
cvde;aiKl(2)nTaximumccmdenserwaterftowatiruettOTperatures 
from 83°F to as low as 65*F because of nighttime cooling tower operation, 
thechillers consistently produce greater-than-design tonnage usingdesign 
compressor kilowatt demand and design auxiliary equipment kilowatt 
demand. — 

From noon to 8:00 pjn. daily, the central chiller plant is entirely shut 
off, and the FJectro-Optics facility's integrated daytime cooling load is 
satisfied by the chilled water storage reservoir. By. (1) autoinatically 
maintaining the sub-circuit flow rates no greater than necessary to satisfy 
each distribution zone's instantaneous cooling load and (2) automatically 
btendmg the sub-circuit supply temperatures tono colder than necessary to 
maintameachdistalrotiOTZone'sspacehum^^ 
integrated daytime (and nighttime) coolingload is inininüzed.Thisreduces 
the withdrawal rate of cold water from the storage reservoir, thereby 
increasing thermal stratification effectiveness and reducing transferpump 
kilowatt hour usage. It also assures a consistently high return temperature 
to the storage storage reservoir, thereby increasing integrated storage 
capacity and further increasing thermal stratification effectiveness. 

Switch-over from charge-to-discharge and discharge-to-charge is 
automatically accomplished by reversing the positions of the direction 
control valves in a prescribed sequence that precludes hydraulic shock and 
avoids loss of system sustaining pressure. In this manner, the transfer 
pumps continue to operate without interruption. The operator initiates 
cyde switch-over and manually starts/stops the chillers and auxiliary 
equipment based on prompts and acknowledgementsbetween himself and 
the PC-based monitor/operator interface. Using suitable prompts and 
acknowledgements, as well as positive feedback of proper positioning of 



* 

control valves, the operator and control system are able to switch over 
surprisingly fast and reliably. 

Project Costs, Schedules, Returns, and Performance 

The thermally stratified chilled water storage system had a gross cost 
of$1^7nüllion($68/tc^hour).Afterrwoutiürymcentivepayments totaling 
$610,500 ($25/ton-hour), the system's net cost totaled $1.06 million ($43/ 
ton-hour). Construction began on October 26,1989, and the system started 
upon Augustl3,1990,10-l/2months after breakingground and coincident 
with implementation of the Comanche Peak Unit #1 rate increase. Commis- 
sioning was completed in two weeks, and the system commenced Operation 
under the utility's Time-of-Day" rate option on September 1,199a 

Savings totaled $221,000 during the system's first year of operation 
and consisted of $186,500 of kilowatt demand savings and $34,500 of 
kilowatt hour usagesavings. Annual kilowatt demand savingsareprojected 
to escalate to $251,600 after implementation of the Comanche Peak Unit #2 
rate increase in 1993, increasing total annual savings to $286,100. Thus, 
simple payback of the project's net cost will occur within five years. 

To date, the system has been 100% reliable in shifting peak cooling 
kilowatt demand to nighttime and has reduced annual cooling kilowatt 
hour usage by approximately 1,380,000 kWh or 12%. The former result is 
attributable to adequate design margins, simple system operation, and 
thorough system conrunissioning—including operator training and written 
operation/maintenance/emergency instructions. The latter result is attrib- 
utable to full-load chiller operation year-around with reduced condenser 
water inlet tempera turesand elevated evaporator waterinlet temperatures, 
reduced (chargecyde)and eliminated (dischargecyde)evaporatorpressure 
drops, improved flow/temperature control in the primary sub-circuits, and 
negligible storage reservoir heat gains. 

Operating Improvements 

Subsequent improvements in operation of the thermally stratified 
chilled water storage system at the Electro-Optics manufacturing facility 
have included an integrated indirect evaporative chilling/condenser water 

228 



üamn 

Energy Engineering Vol. 19. So. 4    1»2 

& 

* 
-•5r  - 

heat recovery /demand-limiting partial-discharge operating strategy be- 
tween mid-October and mid-March. 

Making use of a spare 630-ton counterflow,fbrced -draft cooling tower 
and a spare 1,800 sq ft shell/tube heat exchanger allowed for indirect 
evaporative chilling of the 56°F-59°F warm water as it returned from the 
facility's chilled water distribution system to the top of the chilled water 
storage reservoir during the discharge cycle. This wiri-srratfgyC&CQeffident- 
of-performance ranges from 5JO when the outdoor wet-bulb temperature is 
51°F to as high as 22JS when the outdoor air wet-bulb temperature is 17°F, 
iriakingit more efficient man operating a centrifugal chiller and itsauxiliary 
equipment The indirect evaporative chilling sub-strategy operates ap- 
proxiiratdy 3^00 nr/yr and p^ucesapproximately 1.1 million ton-hr/yr 
of "fee" chilling. 

Thereinaindertftheintegratedwmtertirneoperatmg 
continuously operating the thermal energy storage system in a partial- 
discharge cyde, with one centrifugal chiller and its auxiliary equipment 
operating with an elevated evaporator water outlet temperature in the heat 
recovery mode and the indirect evaporative chilling sub-strategy enabled 
whenever the outdoor air wet-bulb temperature is 51°F or below. This 
strategy elevates the chiller's coefnaent-of-performance from 5-6 (cooling 
only) to 7-9 Cheating and cooling) and makes operation of the facility's 400- 
hp hot water boiler unnecessary. In fact the hot water bofler has been 
decommissioned, entirely eliminating facility natural gas usage and emis- 
sions. Also, the facility's oversized constant speed hot water pumps, 
oversized heating co0s,and pneumatic hotwater valves with limited spring 
dosing force provide much better control with 95°F inlet water (using 
condenser waste heat) than with 180°F inlet water (using boiler heat). 
Finally, continuous operation of one centrifugal chiller and its auxiliary 
equipment levels the facility's wintertime kilowatt demand, yielding ad- 
ditional kilowatt demand savings. 

Design Advancements 

Several technical advancements were incorporated in to the design of 
the second, larger thermally stratified chilled water storage system at the 
Avionics manufacturing facility. First, because the evaporators of the 
chillers at the Avionics manufacturing facility were selected for 2.4 gpm/ 



ton, rather than ZO gpm/ton as at the Hectro-Optics manufacturing facility, 
series chiller operation was feasible and yielded greater capacity and 
efficiency than parallel chiller operation. In addition, the Avionics manufac- 
turing facility's equipment cooling load was served in series with, rather 
than in parallel with, the facility's space and outdoor air cooling/dehu- 
midifying loads, yielding a higher return temperature and all of the asso- 
ciated operating advantages. Also, variable speed, rather than constant 
speed, transfer, primary, and blending pumps were selected in order to 
improve controllability and minimize pumping kilowatt hour usage year- 
around. Finally, piping to a large, existing plate/frame heat exchanger was 
modified to provide indirect evaporative chilling whenever the outdoor air 
wet-bulb temperature is51°For below (approximately 3,500hr/yrbetween 
mid-October and mid-March). 

p » >■ 

Conclusions 

The thermal energy storage program described was implemented 
with due consideration given to the energy cost outlook in Norm Texas as 
well as existing conditions in the retrofitted facilities. It now exceeds50,000 
ton-hours in integrated storage capacity and has established a solid record 
of efficiency, performance, profitability,and reliability. Although several of 
its design features and operating strategies are at the leading edge of 
thermal energy storage practice, the program's success to date rests largely 
on fundamentals such as thorough analysis, sound planning, good design, 
and effective operation and maintenance. 

About the Author 

Donald P. Fiorino is a facility engineer and member of the group technical 
staff at Texas Instruments Inc., Dallas. He received his BJS. in engi- 
neering science from the US. Military Academy at West Point and his 
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at Madison. The TES project at TI's Electro-Optics manufacturing 
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APPENDIX 41 

BROCHURE AND PROPOSAL FOR CONCRETE 

CHILLED WATER STORAGE TANK 
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NAFGUIN 
PRECAST 
PRESTRESSED 
PREFERRED 

Estabashor: :929 Natgun Corporat.on 
Precast Concrete Tanks 
11 Teal Road 
Wakefield, MA 01880-1292 

March   3/    1993   . Telephone 617-2^6-1133 
FAX 617-245-3279 

Ms. Kelly Winett 
Engineer Resource Group 
158 Business Center Drive 
Birmingham/ AL 35244 

Reference: TES Tank 
Lyster Army Community Hospital 

Dear Ms. Winett: 

As discussed during our telephone conversation, based on 1992 
construction costs, suitable budget estimating figures for the 
design and construction in the Birmingham, Alabama area of a 
1.0 MG Thermal Energy Storage tank is approximately $550,000; a 
0.5 MG Thermal Energy Storage tank is approximately $413,270; and 
a 0.2 MG Thermal Energy Storage tank is approximately $260,320. 
These figures include internal diffuser piping, exterior 
insulation (with protective coating), dome with hatch and vent, 
and foundation. 

These prices do not include earth excavation, rock 
excavation, backfill, dewatering systems, underdrain, or 
landscaping. A rough preliminary breakdown for these budget 
figures are as follows: 

TANK SIZE 1.0 MG        0.5 MG          0.2 MG 
DIMENSIONS (70'd x 35«h) (55.5'd x 28'h) (41'd x 20.5'h) 

TANK $450,000       $355,000        $230,000 
INSULATION 60,000         37,270         20,320 
DIFFUSER 40,000         21,000         10#000 

TOTAL $555,000       $413,270       $260,320 

The above prices are for a naturally stratified, prestressed, 
precast, concrete storage tank to be constructed at existing 
grade. If the tank can be buried, partially or fully, the 
backfill can be utilized as insulation thereby reducing the cost 
of applying complete insulation of the tank; this cost may be 
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Ms. Kelly Wlnett 
Engineer Resource Group 
March 3, 1993 
Page 2 

significant. Various dimensions can be utilized for the tank 
sizes; I have used the height-diameter ratio of approximately 
0.50/ which appears to be an efficient design. A Natgun 
prestressed, precast, concrete Thermal Energy Storage tank 
requires virtually no maintenance. 

If you require any additional information or have any 
questions, please contact the writer at your convenience. 

Conservation is Power for the future. 

Very truly yours, 

NATGUN CORPORATION 

Frederick A. McDonough, Jr. 
Vice President - Construction 

FAM/djh 
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HOWTOPUTA 
CHUONHSMG 
ENERGY COSTS 

0.55 MG Thermal Storage Tank for the San Antonio. Texas Airport. 

NAIG N PRECAST 
PRESTRESSED 
PREFERRED 
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THERMAL STORAGE TANKS SAVE HU 
1 he natural forces which cai.se 

;ne deeper layers of water in a stiff 
a<e or pond to remain the coldest 
•~ave a lot to do with the way more 
and more companies are saving 
•~ jndreds of thousand::, of do!iars 
cer year on their electric bills 

It's naturally-stratified chilled 
water storage, a proven technology 
for keeping layers of warm and cold 
water separated in a single storage 
:ank — and a proven method for 
companies to lower electric costs 
each year at every one of their 
facilities equipped with chilled water 
air conditioning systems. For many 
large industrial plants and commer- 
cial buildings, savings of hundreds 
of thousands of dollars per year are 
possible. 

As electric rates continue to 
increase, large users and utilities 

, alike are being challenged to 
manage kilowatt demand. More and 
more, in both moderate and hot 
climates, their most cost-effective 
option is thermal storage. 

Here's how thermal storage 

Partially buried 2.7 MG Chilled Water Storage Tank for Texas Instr 

saves money in a typical air condi- 
tioning installation: 

Using a prestressed concrete 
storage reservoir (see diagram), a 
facility produces chilled water at 
night, during the local utility's "off- 
peak" period. The following day. 
during the utility's "on-peak" period, 
the chiller plant is turned off and the 

facility is cooled by withdrawing cold 
water from the bottom of the thermal 
storage reservoir. The company 
saves money in four ways: 

1- Reduced Demand Charges By 
operating its chiller plant only dur'ng 
the local utility's off-peak period, a 
facility's on-peak demand is reduced 
by up to 40%, yielding significan: 

BUILDING 
COOLING 
COILS 

ON 

40 
b 

HOW THERMAL STORAGE WORKS 

STORAGE TANK 
(WATER) 

I 1                       I 1 

1 
CHILLER (ON) h_ ON 

! 
-, rr   -,\_ 

CHILLER (ON) _i 

COLD 

 ►■ 

WARM 

56 

Off-Peak Cooling Mode The water storage 
tank is "charged" with cold water at night using 
chillers, cooling lowers, and associated pumps 
to take advantage of lower electric usage rates. 

BUILDING 
COOLING 
COILS mm 

<b CHILLER (OFF) 

41 
CHILLER (OFF) 

OFF 
56 

STORAGE TANK 
(WATER) 

Peak Cooling Mode During the day, cold water is 
withdrawn from the bottom of the tank, providing 
the building with air conditioning. Chillers, cooling 
towers, and associated pumps are turned off, thus 
reducing electric power demand. 
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IVDREDS OF THOUSANDS OF DOWNS. 

trjments. Inc., Dallas Texas. Engineered by Texas Instruments, Inc. 

annual savings in demand charges. 
2- Lower Usage Rates Off-peak 

usage rates are lower than on-peak 
usage rates. These lower rates can 
take the form of downwardly sliding 
price scales or discounts off the 
utility's standard off-peak usage rate. 

3- Shared Construction Costs 
Because thermal storage helps 
postpone or avoid construction of 
expensive new generating stations, 
most electric utilities offer major cash 
incentives to companies installing 
thermal storage systems. These 
incentives are usually based on the 
amount of kilowatt demand that will 
be shifted from on-peak to off-peak. 
Many electric utilities also share the 
cost of an engineering study to 
assess the feasibility and profitability 
of a thermal storage installation. 

4- Fewer Equipment Purchases 
In both new construction and facility 
expansion projects, it is often pos- 
sible to substitute a thermal storage 
tank for some or a!! of the chiller plant 
equipment that wouid otherwise 
need to be purchased. Current 
capital outlays anc future operating 
costs are both reduced, vieldmg 
significant energy cost savings for 
years to come 

BUT DON'T JUST TAKE 
OUR WORD FOR IT. 

Here's what Mr. Don Fio^no. 
Facility Engineer for Texas Instru- 
ments in Dallas, Texas wrote about 
the Natgun thermal storage tank 
pictured above. 

"This 24.500 ton-hour thermal 
energy storage system utilizes a 
precast, prestressed concrete tank 
to störe chilled water. It was installed 
as a retrofit project in just 10.5 
months at a total cost of S66 oe' ton- 
hour (62c per gallon). Since start-up 
in August. 1990, it's performance 
has exceeded our expectations. In 
particular, we've enjoyed I00=c 
reliability. 92.7% cycle thermal 
efficiency. 34% greater sav ~-gs than 
projected, and 13% greate- caoacity 
than designed. 

"In addition to reducing OJ- on- 
peak electric demand by 2 ?0C kW. 
as projected, we have reo^zee. 
electric usage by an average o* 
175.000 kWh per month, o- 5 7V 

"First-month savings on c ..' e ectnc 
bill were S25.256. Present =—..al 
savings are now calculates ?.t about 
$241.000. rising to approx --ately 
$340.000 by the year 1993 
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WHY PRESTRESSED 
CONCRETE MAKES THE BEST 

THERMAL STORAGE TANK 
There are two commonly 

accepted materials for construct- 
ing watertight storage tanks — 
prestressed concrete and steel. 
Today, tank users specify pre- 
stressed concrete for its minimal 
maintenance, rapid construction 
time, and lower long-term cost. 

Prestressed concrete is 
preferred for thermal storage 
systems over steel tanks for 
several important reasons: 

1-Higher R Rating Concrete 
has a higher R rating than steel. 

2-Siting Options Pre- 
stressed concrete can be totally 
or partially buried. In such cases 
the R rating advantage over steel 
is even further increased. 

3- No Routine Maintenance 
Because they rust, steel tanks 
must be periodically drained and 
taken out of service to be main- 
tained, usually in the summer 
months when the system is 
needed most. No such problems 
with prestressed concrete. 

Moreover, prestressed con- 
crete eliminates the need for 
corrosion protection where the 
tank wall comes in contact with 
additional insulation that may be 
installed. 

4- Decades of Reliable 
Service Only prestressed 
concrete tanks have a continu- 
ous steel diaphragm embedded 
in the wall to provide positive 
assurance of watertightness. The 
entire tank is wrapped top-to- 
bottom in multiple layers of high- 
strength wire, placing the tank in 
permanent compression and 
eliminating tension cracks. 



BUILDING A NATGUN THERMAL STORAGE TANK 

1  After excavation, Natgun places 
casting beds around the perimeter. 
Wall and dome panels are poured 
simultaneously with the tank floor, 
speeding construction. 

4 Dome panels are erected on 
shoring. The circumferential and 
radial joints are then cast in place. 

2 Panels are cast in "stacks" with a 
waterproof steel diaphragm (which 
becomes an integral part of each 
panel) serving as the bottom of the 
form. Expensive form work is 
minimized, and optimum quality 
achieved with ground level 
construction. 

5 After encasing the tank's steel 
diaphragm in shotcrete, Natgun 
places the tank in permanent 
compression by wrapping it with 
high-strength wire stressed to 
140,000 psi, eliminating the potential 
for tension cracks. Each layer of 
prestressing is individually encased 
in shotcrete. 

3 Wall panels are erected after the 
floor is completed. Panel joints are 

^sealed water-tight using steel pla:es 
and high-strength mortar. 

6 Once the prestressing wire has 
been encased, Natgun applies an 
additional layer of shotcrete to 
provide further corrosion protection. 
The tank is now complete and ready 
to be put in service. 
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After evaluation of a system's 
thermal energy needs by a plant or 
consulting engineer, Natgun Corpo- 
ration provides complete design and 
construction services for the thermal 
storage tank. 

No matter what your needs in a 
thermal storage tank, we have the 
expertise and experience to see 
your job through — not just to 
completion, but years down the line 
— providing durable, reliable, cost- 
saving service for generations to 
come. 

Natgun has over five decades of 
experience designing and building 
precast, prestressed concrete water 
storage tanks. In that time, we have 
contributed numerous technical 
advances to prestressed concrete 
tank construction. Today, thousands 
of prestressed concrete tanks — 
some very old, and some brand new 
— are providing safe, reliable, cost- 
effective water storage to communi- 
ties and industries across America. 

NAIGLIN 
PRECAST 
PRESTRESSED 
PREFERRED 
Eleven Teal Road 
Wakefield, Massachusetts 01880-1292 
8111 Preston Road, Suite 701 
Dallas, Texas 75225-6307 
Or call 1-800-662-8486 

Primed in I'.SA 2/^1 XatKIraph rv 



5.0      ENERGY CONSERVATION OPPORTUNITY: CHILLER HEAT RECOVERY FOR 
DOMESTIC HOT WATER 

The Energy Engineering Analysis Program (EEAP) performed at Lyster Army Community 
Hospital in 1989 identified an Energy Conservation Opportunity (ECO 12) to utilize waste 
heat from one centrifugal chiller to preheat domestic hot water. The original ECO 12 is 
included as Appendix 5A of this ECO section. The objective of this analysis is to reevaluate 
the technical and economic feasibility of recovering heat from the chillers under present 
circumstances since this ECO has not been implemented. Additionally, consideration is 
given to the performance of this ECO based on the implementation of the previously 
described Cooling Storage ECO. 

5.1      Existing Conditions 

Domestic hot water is provided to the hospital from one 1,200 gallon storage tank in the 
main mechanical room. The water is heated by base steam and maintained at a 
temperature of 134°F for delivery to meet hospital requirements. The water in the tank is 
heated by an insertion type steam heater rated at 700 pounds of steam per hour. 

5.2      Revaluation Of Proposed Modifications 

The recommended ECO proposes to add a 60 ton auxiliary condenser to one 230 ton 
centrifugal chiller, making it the primary chiller. The auxiliary condenser would then be 
utilized to preheat domestic hot water improving chiller performance by lowering head 
pressure and reducing the steam required to heat water. The analysis procedures to 
establish energy reductions in the original ECO have been reviewed and determined to be 
reasonable and are used in this new analysis. The implementation costs and energy cost 
savings are revised to be representative of current prices. 

Installation cost based on the enclosed estimate has been increased from $21,870 to $27,820. 
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Natural gas costs have been reduced from $0.411/therm to $0.289/therm reducing projected 
savings from $3,960 to $2,785. 

Electricity cost has been reduced from $0.043993/KWH to $0.0215/KWH reducing 
projected savings from $1,799 to $879. 

The revised total projected savings are $3,664. 

53      Revised ECIP Documentation For Original ECO Project And DD Form 1391 

Since this project has an estimated cost less than $300,000, it must be grouped with other 
projects to qualify for the Energy Conservation Investment Program (ECIP). The project 
Life Cycle Cost Analysis indicates the following: 

Annual Energy Savings: 
Electric 
Natural Gas 
Total 

Annual Cost Savings: 
Electric 
Natural Gas 
Total 

Total Investment 
Simple Payback 
Total Net Discounted Savings 
Savings To Investment Ratio (SIR) 
Adjusted Internal Rate Of Return (AIRR) 

139.56 MBTU/Year 
963.60 MBTU/Year 
1,103.16 MBTU/Year 

$879 
$2,785 
$3,664 
$31,019 
8.47 
$70,248 
2.26 
8.00% 
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LIFE CYCLE COST ANALYSIS SUMMARY 
ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) 

i.or.ATTON:     Ft.   Rucker 
REGION NO.     3       PROJECT  NO.     2392 

ppnTFPT TTTLE-     Limited Energy Studies —. -— 
PROJECT TlTLt.     —ri.iiirr  lint  Prmvi»rY F"*" r>nmP<;tir. Hot Water DISCRETE PORTION NAME;   Chiller   Heat   Kecovery   ru ,     ki 
ANALYSIS  n,T,.      3/24/93 ECONOMIC LIFE_20__PREPARER       Jackms 

FISCAL YEAR   1993 

1. INVESTMENT COSTS: 
A. CONSTRUCTION COST       $_2_^|20 

B. SIOH $   I'lH 
C. DESIGN COST $  ' 
D. TOTAL COST (1A+1B+1C)    $ 31,01« 
E. SALVAGE VALUE OF EXISTING EQUIPMENT 
F. PUBLIC UTILITY COMPANY REBATE 
G. TOTAL INVESTMENT (1D-1E-1F) 

$ 
$_ 

fi  31.019 

?..  ENERGY SAVTNGS (+WCOST(-l; 
DATE OF NISTIR 85-3273-X USED FOR DISCOUNT FACTORS   Oct 1992 

ENERGY 
SOURCE 

COST     SAVING    ANNUAL $ 
$/MBTU(l) MBTU/YR(2) SAVINGS(3) 

DISCOUNT DISCOUNTED 
FACTOR(4) SAVINGS(5) 

A. ELEC $ 6.30 
B- DIST $  
C. RESID $  
D. NG $ 2.89 
E. PPG   $  
F. COAL  $ 
-G. SOLAR $  
H. GEOTH $  
I. BIOMA $  
J. REFUS $  
K. WIND  $  
L. OTHER $  

139.56 

963.60 

879 

M. DEMAND SAVINGS 
N. TOTAL 1.103.16 

$  
$  
S  2,785 
$_  
S  
$  
$  
$  
$  
$  
S  
$  
S  3.664 

14.65 

20.60 

3.  NON ENERGY SAVINGS f-M OR COST (-: 

A. ANNUAL RECURRING (+/-)     $  
(1) DISCOUNT FACTOR (TABLE A) 
(2) DISCOUNTED SAVINGS/COST (3A X 3A1) 

12.877 $ 
$  
$  
S 57.371 
S  
S  
S  
$  
$  
$  
$  
$  
S  
S 70.2U8 
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B.  NON RECURRING SAVINGS (+) OR COST (-) 

ITEM SAVINGS(+) 
COST(-)d) 

YEAR OF 
OCCUR. (2) 

DISCOUNT 
FACTORO) 

DISCOUNTED SAV- 
INGS(+)COST(-)(A) 

a.  $    .     
b.  $         
c.  S         
d. TOTAL      $  
C. TOTAL NON ENERGY DISCOUNTED SAVINGS (3A2+3Bd4) 

A. SIMPLE PAYBACK lG/(2N3+3A+f3Bdl/ECONOMIC LIFE)): 
5. TOTAL NET DISCOUNTED SAVINGS (2N5+3C); 
6. SAVINGS TO INVESTMENT RATIO (SIR) 5/1G: 
7. ADJUSTED INTERNAL RATE OF RETURN (AIRR): 

s" 

8. 
$7C 

47   YEARS 
),248 

2. 
8. 

26 
00 Z 

243 



1. COMPONENT 

ARMY 
FY 19 93     MILITARY CONSTRUCTION PROJECT DATA 

a. DATE 

25 March 93 

i INSTALLATION AND LOCATION 

Lyster Army Community  Hospital 
Fort Rucker,  Alabama 

5. PROGRAM ELEMENT 6. CATEGORY CODE 

80000 

A. PROJECT TITLE 

ECIP 

7. PROJECT NUMBER 8. PROJECT COST (SOOO) 

31 

9. COST ESTIMATES 

ITEM 

60 ton Auxiliary Condenser 

Pump 

Control Valve 

Regulating Valve 

Pipe,  Valves,   Fittings 

Insulation 

Miscellaneous Taxes 

Supervision,   Inspection  S Overhead  (5.5%) 

Design  (6.0%) 

TOTAL 

U/M 

LS 

EA 

EA 

EA 

LS 

LS 

LS 

QUANTITY 
UNIT 
COST 

1,030 

1,600 

270 

COST 
(SOOO) 

15 

1 

2 

0 

2 

1 

6 

2 

2 

31 

lO. DESCRIPTION OF PROPOSED CONSTRUCTION 

The primary facility of the chiller heat recovery for domestic hot water system 
will  include an auxiliary condenser,  pump,  control and  regulating valve, 
pipes,  valves,  fittings and insulation.    The work is new construction at 
Lyster Army Community  Hospital.    The purpose of this facility is to utilize 
waste heat from one of the existing chillers to preheat domestic hot water. 
Demolition of existing buildings is not required for site clearance.    Accessibility 
for the handicapped is not required for functional reasons. 

11.     Project: 

Install a chiller heat recovery system for preheating domestic hot water. 
This project will save $879 and  139.56 MBTU  per year in electrical charges, 
and $2,785 and 963.60 MBTU per year in natural gas charges. 

DO /„<£",« 1391 
PREVIOUS EDITIONS MAY BE USED INTERNALLY 

UNTIL EXMAUSTEO . 

FOR OFFICIAL USE ONLY 
(WHEN DATA IS ENTERED) 
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1. COMPONENT 

ARMY FY 19 93 MILITARY CONSTRUCTION PROJECT DATA 
2. OATE 

25 March 93 

X INSTALLATION ANO LOCATION 

Lyster Army Community Hospital 
Fort Rucker,   Alabama 

■«. PROJECT TITLE 

ECIP 

5. PROJECT NUMBER 

REQUIREMENT: 

This project is required to provide a reduction of overall natural gas and 
electrical costs by utilizing an auxiliary condenser on one of the chillers to 
preheat domestic hot water.     The project has a Savings To Investment 
Ratio (SIR)  of 2.26.    The ECIP Life Cycle Cost Analysis summary sheet 
is attached. 

CURRENT SITUATION: 

Domestic hot water is currently provided to Lyster Army Community Hospital 
from a storage tank in the main mechanical room and is heated by Ft.   Rucker's 
Base steam system which uses natural gas as its energy source.    The 
auxiliary condenser would improve chiller performance by lowering head 
pressure and thereby lower electrical energy use.     Natural gas usage would 
be reduced by using the waste heat from the chiller to heat domestic hot 
water instead of the Base steam system. 

IMPACT: 

Fort Rucker will continue to heat domestic hot water at Lyster Army 
Community Hospital by the basewide steam system and lose a potential 
annual savings of $3,664 in electrical and natural gas consumption costs. 

DO FORM 
1 06C76 1391c PREVIOUS EOITIONS MAY BE USEO INTERNALLY 

UNTIL EXHAUSTEO 

FOR OFFICIAL USE ONLY 
(WHENDATA IS ENTERED) 
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5.4      ECO Analysis With Cooling Storage 

The cooling storage strategy proposed in this study is based on avoiding all chiller operation 
during peak load hours for as much as eight months of the year. This would correspond to 
the same period as there would be peak domestic hot water usage. Since the heat recovered 
from the auxiliary condenser cannot be stored - water can only be preheated as use occurs - 
the cooling storage strategy will significantly reduce the potential for heat recovery with this 
ECO. 

The original analysis of the heat recovery ECO was based on 915,253 ton-hours of chiller 
operation to determine both the electric and natural gas savings. If we assume that we 
eliminate the 230 ton chiller operation for 6 hours a day for eight months, we reduce the 
available ton-hours by up to (6 hrs X 30 days X 8 months X 230 tons) 331,200 ton-hours or 
36%. This would reduce the total potential energy savings by the same amount to $2,345 
increasing the simple payback to 11.85 years. 

Chiller heat recovery for domestic hot water is not feasible if the Cooling Storage project 
is implemented. 
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SECTION 5.0 APPENDIX 

CHILLER HEAT RECOVERY FOR DOMESTIC HOT WATER 

LYSTER ARMY COMMUNITY HOSPITAL 
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APPENDIX 5A 

ORIGINAL ECO FROM 1989 STUDY 

CHILLER AUXILIARY CONDENSER 
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ECO 12 CHILLER AUXILIARY CONDENSER 

LYSTER ARMY HOSPITAL 

Existing Conditions: The centrifugal chilled water system 
consists of three centrifugal chillers: two 230 ton 
chillers and one 360 ton chiller. When in operation, each 
chiller produces waste heat due to the refrigeration cycle. 
The chillers are presently manually staged by operating 
personnel to meet buildings cooling load. Cooling is 
required year round. 

Recommended Modifications: Add a 60 ton auxiliary condenser 
to one 230 ton chiller, making it the primary chiller. This 
auxiliary condenser can then be used for domestic hot water 
(DHW) preheat by connecting to the DHW system. Since DHW 
flow will not be adequate to operate the auxiliary 
condenser, a circulating pump will be required. A sketch of 
recommended modifications follows. All DHW will be 
preheated to 95°F when the chiller is in operation. This 
will reduce the steam required at the hospital, resulting in 
natural gas savings. When an auxiliary condenser is added, 
electrical energy consumption is also decreased due to 
increased condenser heat transfer surface area and a lower 
pressure differential required by the compressor. 

Economic Summary: 

Implementation Cost:  $21,870 

Energy Savings 

Electric 

Nat Gas 

Total 

Simple Payback 

SIR 

139.56 MBTU/YR $1,799 

963.60 MBTU/YR $3,960 

1,103.16 MBTU/YR $5,759 

3.8 years 

3.86 
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LIFE CYCLE COST ANALYSIS SUMMARY 
ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) 

LOCATION: FORT RUCKER  REGION NO.:  4   PROJECT NUMBER: S-458 
PROJECT TITLE: ENERGY SURVEY   FISCAL YEAR: 1990 
DISCRETE PORTION NAME: CHILLER AUXILIARY CONDENSER   C:\CMW\REC012.LCC 
ANALYSIS DATE: 1-26-89   ECONOMIC LIFE:  20    PREPARED BY: MJB 

INVESTMENT 
A. CONSTRUCTION COST 
B. SIOH (1A * 5.5%) 
C. DESIGN C0ST(1A * 6%) 
D. ENERGY CREDIT CALC (1A+1B+1C) * 90% 
E. SALVAGE VALUE 
F. TOTAL INVESTMENT (ID-IE) 

$21,793.27 
$1,198.63 
$1,307.60 

$21,869.54 
$0.00 

$21,869.54 

ENERGY SAVINGS (+) / COST (-) 
BASE YEAR ANNUAL SAVINGS, UNIT COST & DISCOUNTED SAVINGS 

UNIT COST SAVINGS ANNUAL $ DISCOUNT DISCOUNTED 

FUEL $/MBTU(l) MBTU/YR(2) SAVINGS(3) FACTOR(4) SAVINGS(5) 

A. ELEC $12.89 139.56 $1,798.99 9.99 $17,971.86 

B. DIST $0.00 0.00 $0.00 14.21 $0.00 

C. RESI $0.00 0.00 $0.00 14.39 $0.00 
D. NG. $4.11 963.60 $3,960.40 16.76 $66,376.24 
E. COAL $0.00 0.00 $0.00 12.09 $0.00 

TOTAL 1,103.16 $5,759.38 $84,348.09 

3. NON ENERGY SAVINGS (+) / COST (-) 
A. ANNUAL RECURRING  (+/~) $0.00 

(1). DISCOUNT FACTOR (TABLE A)        10.59 
(2) . DISTILLATE HANDLING COST 

(.0603*2B) $0.00 
(3). DISCOUNTED SAVINGS/COST 

((3A*3A2)*3A1) $0.00 
B. NON RECURRING SAVINGS/COST 

NONE 
C. TOTAL NON ENERGY DISCOUNTED SAVINGS (+) 

COST (-)    (3A3+3B) 
D. NON ENERGY DISCOUNTED SAVINGS IS =  OR  <  25% OF TOTAL 

$0.00 

4. FIRST YEAR DOLLAR SAVINGS 
(2F3+3A+(3 B/ECONOMIC LIFE ) ) 

5. TOTAL NET DISCOUNTED DOLLAR SAVINGS (2F5+3C) 

6. DISCOUNT SAVINGS RATIO (IF < 1 PROJECT 
DOES NOT QUALIFY) (SIR) = (5/1F) 

$5,759.38 

$84,348.09 

3.86 
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ELECTRICAL ENERGY SAVINGS ASSOCIATED WITH 
INSTALLATION OF AUXILIARY CHILLER CONDENSER 

Calculation For Estimated Electrical Energy Savings 

Since chiller energy consumption varies with cooling loads, 
hours at a specific cooling load have been taken from TRACE. 
Only one 230 ton chiller will be fitted with an auxiliary con- 
denser and instead of staggering chiller operation between the 
three chillers present, the 230 ton chiller with auxiliary con- 
denser will be the primary chiller and the other chillers will be 
brought on line when cooling loads increase past capacity of the 
primary chiller. Electrical energy required for a 3/4 hp circ- 
ulating pump must also be taken into consideration. 

COOLING LOAD TONS ANNUAL HOURS AT LOAD TON-HOURS 

32.39 3,387 109,704.93 

64.77 1,323 85,690.71 

97.16 869 84,432.04 

129.55 664 86,021.20 

161.94 153 24,776.82 

194.32 187 36,337.84 

230.00 2,123 488,290.00 

ANNUAL TON-HOURS 915,253.54 

Without an auxiliary condenser, chiller energy consumption is 
0.6700 KW/Ton.  With an auxiliary condenser, chiller energy 
consumption is 0.6200 KW/Ton. 

ANNUAL ELECTRICAL ENERGY CONSUMPTON 

With automatic tube cleaners and no auxiliary condenser 

0.6700 KW/Ton * 915,253.54 Ton-Hours = 613,220 KWH 

With automatic tube cleaners and auxiliary condenser and 3/4 hp 
circulating pump 

(0.6200 KW/Ton * 915,253.54 Ton-Hours)+(0.75 hp * 
0.746 KW/hp * 8,706 Hours) = 57 2,328 KWH 

, February 1989 



ELECTRICAL ENERGY SAVINGS ASSOCIATED WITH 
INSTALLATION OF AUXILIARY CHILLER CONDENSER 

ANNUAL ELECTRICAL ENERGY SAVINGS 

613,220 KWH - 572,328 KWH = 40,892 KWH 

ANNUAL DOLLAR SAVINGS 

40,892 KWH * $0.043993/KWH = $1,799 

253 February 1989 
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Jack M. Ballard. Jr. 
Birmingham Sates District 620 S. Ninth Street ^ria Manager 
Commercial Systems Group Btrmmgham AL 35233 Distnct Manager 
The Trane Company 205 251 242 r 

October 19, 1988 

Energy Management Consultants 
P.O. Box 360687 
Birmingham, Al 35E36 

Attn: Mark Barnett 

Re: Auxiliary Condensers -for 
Trane model CVHE 

Mark, 

Please -find below a price for installing auxiliary 
condensers on Trane model CVHE units. This price does 
not include any water piping run to the condenser nor 

any controls. 

Nominal 60 ton unit:  «IE,175.00 -/" t/3jS0^ 
Nominal lOO ton unit: $13,110.00 

Please advise if we could be of any further 

service. 

Yours very truly, 

THE TRANE COMPANY 

L 
Scott Bourgeois 
Birmingham Sales District 

ESB/lkb 
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1.  BRIEF DESCRIPTION OF WORK:  The Architect-Engineer (AE) shall: 

1.1 Review the previously completed energy studies which ap- 
ply to the buildings, systems, or energy conservation opportuni- 
ties (ECOs) covered by this study. 

1.2 Perform a limited site survey of specific buildings or 
areas to collect all data required to evaluate the specific ECOs 
included in this study. 

1.3 Reevaluate the specific project or ECO from the previous 
study to determine its economic feasibility based on revised crite- 
ria, current site conditions and technical applicability. 

1.4 Evaluate specific ECOs to determine their energy savings 
potential and economic feasibility. 

1.5 Provide project documentation for recommended ECOs as 
detailed herein. 

1.6 Prepare a comprehensive report to document all work pei 
formed, the results and all recommendations. 

2.  GENERAL 

2.1 This study is limited to the evaluation of the specific 
buildings, systems, or ECOs listed in Annex A, DETAILED SCOPE OF 
WORK. 

2.2 The information and analysis outlined herein are consid- 
ered to be minimum requirements for adequate performance of this 
study. 

2.3 For the buildings, systems or ECOs listed in Annex A, all 
methods of energy conservation which are reasonable and practical 
shall be considered, including improvements of operational methods 
and procedures as well as the physical facilities. All energy con- 
servation opportunities which produce energy or dollar savings 
shall be documented in this report.  Any energy conservation oppor- 
tunity considered infeasible shall also be documented in the re- 
port with reasons for elimination. 

2.4 The study shall consider the use of all energy sources 
applicable to each building, system, or ECO. 

2.5 The "Energy Conservation Investment Program (ECIP) Guid- 
ance", described in letter from CEHSC-FU, dated 28 June 1991 and 
the latest revision from CEHSC-FU establishes criteria for ECIP 
projects and shall be used for performing the economic analyses of 
all ECOs and projects. The program, Life Cycle Cost In Design 
(LCCID), has been developed for performing life cycle cost calcula- 
tions in  accordance with ECIP guidelines and is referenced in the 
ECIP Guidance. If any program other than LCCID is proposed for 
life cycle cost analysis, it must use the mode of calculation spec- 
ified in the ECIP Guidance, the output must be in the format 
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of the ECIP LCCA summary sheet, and it must be submitted for ap- 
proval to the Contracting Officer. 

2.6  Computer modeling will be used to determine the energy 
savings of ECOs which would replace or significantly change an 
existing heating, ventilating, and air-conditioning (HVAC) system. 
The requirement to use computer modeling applies only to heated 
and air-conditioned or aii—conditioned-only buildings which exceed 
8,000 square feet or heated-only buildings in excess of 20,000 
square feet. Modeling will be done using a professionally recog- 
nized and proven computer program or programs that integrate archi- 
tectural features with air-conditioning, heating, lighting and 
other energy-producing or consuming systems. These programs will 
be capable of simulating the features, systems, and thermal loads 
of the building under study. The program will use established 
weather data files and may perform calculations on a true 
houi—by-hour basis or may condense the weather files and the num- 
ber of calculations into several "typical" days per month. The 
Detailed Scope of Work, Annex A, will list programs that are ac- 
ceptable to the Contracting Officer. If the AE desires to use a 
different program, it must be submitted for approval with a sample 
run, an explanation of all input and output data, and a summary of 
-program methodology and energy evaluation capabilities. 

2.7 Energy conservation opportunities determined to be techni- 
cally and economically feasible shall be developed into projects 
acceptable to installation personnel. This may involve combining 
similar ECOs into larger packages which will qualify for ECIP, 
MCA, or PCIP funding, and determining in coordination with instal- 
lation personnel the appropriate packaging and implementation ap- 
proach for all feasible ECOs. 

2.7.1 Projects which qualify for ECIP funding shall be identi- 
fied, separately listed, and prioritized by the Savings to Invest- 
ment Ratio (SIR). 

2.7.2 All feasible non-ECIP projects shall be ranked in order 
of highest to lowest SIR. 

3.  PROJECT MANAGEMENT 

3.1  Project Managers.  The AE shall designate a project manag- 
er to serve as a point of contact and liaison for work required 
under this contract. Upon award of this contract, the individual 
shall be immediately designated in writing.  The AE's designated 
project manager shall be approved by the Contracting Officer prior 
to commencement of work.  This designated individual shall be re- 
sponsible for coordination of work required under this contract. 
The Contracting Officer will designate a project manager to serve 
as the Government's point of contact and liaison for all work re- 
quired under this contract. This individual will be the Govern- 
ment's representative. 
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3.2 Installation Assistance.  The Commanding Officer or autho- 
rized representative at the installation will designate an individ- 
ual to assist the AE in obtaining information and establishing 
contacts necessary to accomplish the work required under this con- 
tract. This individual will be the installation representative. 

3.3 Pub!ic Disclosures.  The AE shall make no public announce- 
ments or disclosures relative to information contained or devel- 
oped in this contract, except as authorized by the Contracting 
Officer. 

3.4 Meetings.  Meetings will be scheduled whenever requested 
by the AE or the Contracting Officer for the resolution of ques- 
tions or problems encountered in the performance of the work.  The 
AE's project manager and the Government's representative shall be 
required to attend and participate in all meetings pertinent to 
the work required under this contract as directed by the Contract-_ 
ing Officer.  These meetings, if necessary, are in addition to the 
presentation and review conferences. 

3.5 Site Visits. Inspections, and Investigations.  The AE 
shall visit and inspect/investigate the site of the project as 
necessary and required during the preparation and accomplishment 
of the work. 

3.6 Records 

3.6.1 The AE shall provide a record of all significant confer- 
ences, meetings, discussions, verbal directions, telephone convei 
sations, etc., with Government representative^) relative to this 
contract in which the AE and/or designated representative(s) there- 
of participated.  These records shall be dated and shall identify 
the contract number, and modification number if applicable, partic- 
ipating personnel, subject discussed and conclusions reached.  The 
AE shall forward to the Contracting Officer within ten calendar 
days, a reproducible copy of the records. 

3.6.2 The AE shall provide a record of requests for and/or 
receipt of Government-furnished material, data, documents, informa- 
tion, etc., which if not furnished in a timely manner, would sig- 
nificantly impair the normal progression of the work under this 
contract.  The records shall be dated and shall identify the con- 
tract number and modification number, if applicable.  The AE shall 
forward to the Contracting Officer within ten calendar days, a 
reproducible copy of the record of request or receipt of material. 

3.7  Interviews.  The AE and the Government's representative 
shall conduct entry and exit interviews with the Director of Engi- 
neering and Housing before starting work at the installation and 
after completion of the field work. The Goverment's representative 
shall schedule the interviews at least one week in advance. 
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3.7.1 Entry. The entry interview shall describe the intended 
procedures for the survey and shall be conducted prior to commenc- 
ing work at the facility. As a minimum, the interview shall cover 
the following points: 

a. Schedules. 

b. Names of energy analysts who will be conducting the site 
survey. 

c. Proposed working hours. 

d. Support requirements from the Director of Engineering and 
Housing. 

3.7.2  Exit.  The exit interview shall briefly describe the 
items surveyed and probable areas of energy conservation.  The 
interview shall also solicit input and advice from the Director of 
Engineering and Housing. 

4. SERVICES AND MATERIALS.  All services, materials (except those 
specifically enumerated to be furnished by the Government), equip- 
ment, labor, supervision and travel necessary to perform the work 
and render the data required under this contract are included in 
the lump sum price of the contract. 

5. . PROJECT DOCUMENTATION.  All energy conservation opportunities 
which the AE has considered shall be included in one of the follow- 
ing categories and presented in the report as such: 

5.1  ECIP Projects.  To qualify as an ECIP project, an ECO, or 
several ECOs which have been combined, must have a construction 
cost estimate greater than $300,000, a Savings to Investment Ratio 
greater than one and a simple payback period of less than eight 
years.  The overall project and each discrete part of the project 
shall have an SIR greater than one.  All projects meeting the 
above criteria shall be arranged as specified in paragraph 2.7.1 
and shall be provided with programming documentation. Programming 
documentation shall consist of a DD Form 1391, life cycle cost 
analysis (LCCA) summary sheet(s) (with necessary backup data to 
verify the numbers presented), and a Project Development Brochure 
(PDB). A life cycle cost analysis summary sheet shall be developed 
for each ECO and for the overall project when one or more ECOs are 
combined. The energy savings for projects consisting of multiple 
ECOs must take into account the synergistic effects of the individ- 
ual ECOs. 

5.2  Non-ECIP Projects.  Projects which do not meet ECIP crite- 
ria with regard to cost estimate, payback period, or non-energy 
(75%) qualification test, but which have an SIR greater than one 
shall be documented. Projects or ECOs in this category shall be 
arranged as specified in paragraph 2.7.2 and shall be provided 
with the following documentation: the life cycle cost analysis 
(LCCA) summary sheet completely filled out, a description of the 
work to be accomplished, backup data for the LCCA, ie, energy 

265 



savings calculations and cost estimate(s), and the simple payback 
period. The energy savings for projects consisting of multiple 
ECOs must take into account the synergistic effects of the individ- 
ual ECOs. In addition these projects shall have the necessary docu- 
mentation prepared, as required by the Government's representa- 
tive, for one of the following categories: 

a. Quick Return on Investment Program (QRIP).  This program 
is for projects which have a total cost greater than $3,000 but 
less than $100,000 and a simple payback period of two years or 
less. 

b. Productivity Enhancing Capital Investment Program (PE- 
CIP).  This program is for projects which have a total cost of 
greater than $3,000 but less than $100,000 and a simple payback 
period of four years or less. 

c. 0SD Productivity Investment Funding (OSD PIF).  This pro- 
gram is for projects which have a total cost of more than $100,000 
and a simple payback period of four years or less. 

The above programs and the required documentation forms 
are all described in detail in AR 5-4-, Change No. 1. 

d. Regular Military Construction Army (MCA) Program. This 
program is for projects which have a total cost greater than 
$300,000 and a simple payback period of eight to twenty-five 
years. Documentation shall consist of DO Form 1391 and a Project 
Development Brochure. 

e. Low Cost/No Cost Projects. These are projects which the 
Director of Engineering and Housing (DEH) can perform using his 
resources. Documentation shall be as required by the DEH. 

5.3 Nonfeasible ECOs.  All ECOs which the AE has considered 
but which are not feasible, shall be documented in the report with 
reasons and justifications showing why they were rejected. 

6. DETAILED SCOPE OF WORK.  The Detailed Scope of Work is con- 
tained in Annex A. 

7. WORK TO BE ACCOMPLISHED. 

7.1 Review Previous Studies.  Review the previous studies 
which apply to the specific building, system, or ECO covered by 
this study.  This review should acquaint the AE with the work that 
has been performed previously.  Much of the information the AE may 
need to develop the ECOs in this study may be contained in the 
previous studies. 

7.2 Perform a Limited Site Survey.  The AE shall obtain all 
necessary data to evaluate the ECOs or projects by conducting a 
site survey. However, the AE is encouraged to use any data that 
may have been documented in a previous study.  The AE shall docu- 
ment his site survey on forms developed for the survey, or on 
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Standard forms, and submit these completed forms as part of the 
report.  All test and/or measurement equipment shall be properly- 
calibrated prior to its use. 

7.3  Reevaluate Selected Projects.  The AE shall reevaluate 
the projects listed in Annex A. These projects were previously 
identified but have not been accomplished. If a project is accept- 
able as is, that is, there are no changes to the basic project, 
the energy savings shown in the previous study may be accepted as 
accurate but the energy cost and construction cost estimates shall 
be updated based on the most current data available.  With the 
above information the project shall then be analyzed based on cur- 
rent ECIP criteria. If the original project evaluation is suspect- 
ed of being inaccurate, but the project or ECO is still considered 
feasible, the AE shall develop the project from the beginning and 
analyze it with the current ECIP guidance.  This project shall be 
separately listed in the report. 

7.4 Evaluate Selected ECOs.  The AE shall analyze the ECOs - 
listed in Annex A.  These ECOs shall be analyzed in detail to de- 
termine their feasibility.  Savings to Investment Ratios (SIRs) 
shall be determined using current ECIP guidance. The AE shall pro- 
vide all data and calculations needed to support the recommended 
ECO.  All assumptions and engineering equations shall be clearly 
stated.  Calculations shall be prepared showing how all numbers in 
the ECO were figured. Calculations shall be an orderly 
step-by-step progression from the first assumption to the final 
number.  Descriptions of the products, manufacturers catalog cuts, 
pertinent drawings and sketches shall also be included.  A life 
cycle cost analysis summary sheet shall be prepared for each ECO 
and included as part of the supporting data. 

7.5 Combine ECOs Into Recommended Projects.  During the Inter- 
im Review Conference, as outlined in paragraph 7.6.1, the AE will 
be advised of the DEH's preferred packaging of recommended ECOs 
into projects for implementation. Some projects may be a combina- 
tion of-several ECOs, and others may contain only one. These 
projects will be evaluated and arranged as outlined in paragraphs 
5.1, 5.2, and 5.3. Energy savings calculations shall take into 
account the synergistic effects of multiple ECOs within a project 
and the effects of one project upon another. The results of this 
effort will be reported in the Final Submittal per par 7.6.2. 

7.6 Submittals. Presentations and Reviews.  The work accom- 
plished shall be fully documented by a comprehensive report.  The 
report shall have a table of contents and shall be indexed.  Tabs 
and dividers shall clearly and distinctly divide sections, subsec- 
tions, and appendices.  All pages shall be numbered. Names of the 
persons primarily responsible for the project shall be included. 
The AE shall give a formal presentation of the interim submittal 
to installation, command, and other Government personnel. Slides 
or view graphs showing the results of the study to date shall be 
used during the presentation.  During the presentation, the person- 
nel in attendance shall be given ample opportunity to ask ques- 
tions and discuss any changes deemed necessary to the study. 
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A review conference will be conducted the same day, following the 
presentation.  Each comment presented at the review conference 
will be discussed and resolved or action items assigned. It is 
anticipated that the presentation and review conference will re- 
quire approximately one working day.  The presentation and review 
conference will be at the installation on the date agreeable to 
the Director of Engineering and Housing, the AE and the Govern- 
ment's representative.  The Contracting Officer may require a re- 
submittal of any document(s), if such document(s) are not approved 
because they are determined by the Contracting Officer to be inade- 
quate for the intended purpose. 

7.6.1  Interim Submittal.  An interim report shall be submit- 
ted for review after the field survey has been completed and an 
analysis has been performed on all of the ECOs.  The report shall 
indicate the work which has been accomplished to date, illustrate 
the methods and justifications of the approaches taken and contain- 
a plan of the work remaining to complete the study.  Calculations 
showing energy and dollar savings, SIR, and simple payback period 
of all the ECOs shall be included. The results of the ECO analyses 
shall be summarized by lists as follows: 

a.All ECOs eliminated from consideration shall be grouped into 
one listing with reasons for their elimination as discussed in par 
5.3. 

b.All ECOs which were analyzed shall be grouped into two list- 
ings, recommended and non-recommended, each arranged in order of 
descending SIR. These lists may be subdivided by building or area 
as appropriate for the study. The AE shall submit the Scope of 
Work and any modifications to the Scope of Work as an appendix to 
the report. A narrative summary describing the work and results 
to date shall be a part of this submittal. At the Interim Submit- 
tal and Review Conference,  the Government's and AE's representa- 
tives shall coordinate with the Director of Engineering and Hous- 
ing to provide7 the AE with direction for packaging or combining 
ECOs for-programming purposes and also indicate the fiscal year 
for which the programming or implementation documentation shall be 
prepared. The survey forms completed during this audit shall be 
submitted with this report. The survey forms only may be submitted 
in final form with this submittal.  They should be clearly marked 
at the time of submission that they are to be retained.  They 
shall be bound in a standard three-ring binder which will allow 
repeated disassembly and reassembly of the material contained with- 
in. 

7.6.2  Final Submittal.  The AE shall prepare and submit the 
final report when all sections of the report are 100% complete and 
all comments from the interim submittal have been resolved.  The 
AE shall submit the Scope of Work for the study and any modifica- 
tions to the Scope of Work as an appendix to the submittal.  The 
report shall contain a narrative summary of conclusions and recom- 
mendations, together with all raw and supporting data, methods 
used, and sources of information.  The report shall integrate all 
aspects of the study.  The recommended projects, as determined in 
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accordance with paragraph 5, shall be presented in order of priori- 
ty by SIR. The lists of ECOs specified in paragraph 7.6.1 shall 
also be included for continuity. The final report and all appendi- 
ces shall be bound in standard three-ring binders which will allow 
repeated disassembly and reassembly.  The final report shall be 
arranged to include: 

a. An Executive Summary to give a brief overview of what was 
accomplished and the results of this study using graphs, tables 
and charts as much as possible (See Annex B for minimum require- 
ments ). 

b. The narrative report describing the problem to be studied, 
the approach to be used, and the results of this study. 

c. Documentation for the recommended projects (includes LCCA 
Summary Sheets). 

d. Appendices to include as a minimum: 

1) Energy cost development and backup data 

2) Detailed calculations 

3) Cost estimates 

4) Computer printouts (where applicable) 

5) Scope of Work 
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ANNEX A 

DETAILED SCOPE OF WORK 

FY92 LIMITED ENERGY STUDIES. FORT RUCKER. ALABAMA 

1. All of the facilities to be studied in this contract are locat- 
ed at Fort Rucker, Alabama. 

2. The AE shall provide all necessary effort, services, and mate- 
rials required to accomplish the work specified. 

3. The installation representative for this contract will be Mr. 
William DeJournett, Energy Manager, Directorate of Engineering and 
Housing. 

4. Completion and Payment Schedule: The following schedule shall 
be used as a guide in approving payments on this contract. The 
final report for this study shall be due not later than 270 days 
after Notice to Proceed. 

PERCENT OF CONTRACT AMOUNT 
 MILESTONE  AUTHORIZED FOR PAYMENT 

Entry Interview 10 
Completion of Field Work 25 - /0/15/qz 
Receipt of Interim Submittal 75 - ////s/<?Z 
Completion of Interim Presentation & Review 85 - rt-/i? /<?z 
Receipt öf Final Report 100 - 1Z/31 f^z 

5. Work To Be Accomplished: There are two main areas of work in 
this contract, an LP gas storage study, and evaluation of two 
energy conservation opportunities (ECOs) for Lyster Army Hospital. 

a. LP Gas Storage: Evaluate the technical and economic 
feasibility of building and operating a liquified petroleum 
gas. (LPG) storage facility. The primary heating fuel at Fort 
Rucker is natural gas; it is used in central steam plants and 
in central forced-air furnaces for family housing. Natural 
gas is purchased from the Southeast Alabama Gas District at 
their lowest rate. However, Fort Rucker also pays a natural 
gas demand charge based on the amount of natural gas used 
during curtailment. During a curtailment period, the natural 
gas demand is reduced as much as possible by switching the 
central steam plants to oil; but the family housing area 
cotinues to use natural gas. An LPG storage system would 
provide the capability of injecting a mixture of air and 
propane into the natural gas disribution system during 
curtailment to reduce natural gas demand. This would result 
in lower gas bills throughout the year. 

b. Lyster Army Hospital:  An EEAP study was completed for 
Lyster Army Hospital in 1989. The final report of this study 
will be provided to the AE. The following two ECOs should be 
evaluated separately and in combination. 
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1)  Cooling Storage System for Peak Demand Reduction:  Eval- 
uate the technical and economic feasibility of reducing peak 
electrical demand at the hospital by use of a cooling storage 
system. The AE will determine the optimum type of cooling 
storage system for the hospital. For accurate evaluation of 
this ECO, building thermal loads must be modeled. In the 1989 
EEAP study, the building was modeled using Trane TRACE. TRACE 
will be an acceptable program to use for modeling. If the AE 
wants to obtain and reuse the TRACE input from the 1989 
study, such plan will first be submitted to the Contracting 
Officer for approval. Other acceptable programs are listed in 
paragraph 6. 

2) Chiller Heat Recovery for Domestic Hot Water:  Evaluate 
the technical and economic feasibility of recovering heat 
from the hospital chillers for preheating domestic hot water 
with and without the cooling storage system mentioned above. 
Heat recovery from chillers" was recommended in the 1989 study 
but has not been implemented. 

6. The simulation programs acceptable for use in this study are 
listed below. Any substitutes must be submitted and approved as 
outlined in the basic scope of work. 

a. Building Loads and System Thermodynamics (BLAST) 

b. DOE 2.1B 

c. Carrier E20 or Hourly Analysis Program (HAP) 

d. Trane Air-Conditioning Economics (TRACE) 

7. Government-Furnished Information:  The following documents 
will be furnished to the AE: 

a. ENERGY SURVEY, LYSTER ARMY COMMUNITY HOSPITAL, FORT RUCK- 
ER, ALABAMA; February 1989, Energy Management Consultants, 
Inc, Birmingham, AL. 

b. ETL 1110-3-282, Energy Conservation 

c. Energy Conservation Investment Program (ECIP) Guidance, 
dated 28 June 1991 and the latest revision with current ener- 
gy prices and discount factors for life cycle cost analysis. 

d. TM 5-785, Engineering Weather Data (applcable portions) 

e. TM 5-800-2, Cost Estimates, Military Construction. 

f. AR 5-4-, Change No. 1, Department of the Army Productivity 
Improvement Program. 

g. AR 415-15, 1 Jan 84, Military Construction, Army (MCA) 
Program Development 
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h.  The latest MCP Index. 

8. A computer program titled Life Cycle Costing in Design (LCCID) 
is available from the BLAST Support Office in Urbana, Illinois for 
a nominal fee.  This computer program can be used for performing 
the economic calculations for ECIP and non-ECIP ECOs.  The AE is 
encouraged to obtain and use this computer program.  The BLAST 
Support Office can be contacted at 14-4 Mechanical Engineering 
Building, 1206 West Green Street, Urbana, Illinois 61801.  The 
telephone number is (217) 333-3977  or (800) 842-5278. 

9. Direct Distribution of Submittals:  The AE shall make direct 
distribution of correspondence, minutes, report submittals, and 
responses to comments as indicated by the following schedule: 

AGENCY CORRESPONDENCE 
EXECUTIVE SUMMARIES 

REPORTS 
FIELD NOTES 

Commander 
US Army Aviation Center and Fort Rucker 
ATTN: ATZQ-DEH-U (DeJournett) 
Fort Rucker, AL 36362 -   3   3   1* 

Commander 
US Army Training and Doctrine Command 
ATTN: ATEN-FE (Mr Capra) 
Fort Monroe, VA, 23651 -11- 

Commander 
US Army Corps of Engineers 
ATTN: CEMP-ET (Mr Gentil) 
20 Massachusetts Avenue NW 
Washington, DC, 20314 - 1000 -11- 

Commander 
USAED, South Atlantic 
ATTN: CESAD-EN-TE (Mr Baggette) 
77 Forsyth Street, SW 
Atlanta, GA 30335 - 6801 -11- 

Commander 
USAED, Mobile 
ATTN: CESAM-EN-CC (Battaglia) 
PO Box 2288; Mobile, AL  36628        2    2    2    1* 

Commander 
US Army Logistics Evaluation Agency 
ATTN: LOEA-PL (Mr Keath) 
New Cumberland Army Depot 
New Cumberland, PA, 17070 - 5007      -11- 

*  Field Notes submitted in final form at interim submittal. 
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ANNEX B 

EXECUTIVE SUMMARY GUIDELINE 

1. Introduction. 

2. Building Data (types, number of similar buildings, sizes, 
etc.) 

3. Present Energy Consumption of Buildings or Systems Studied, 

o  Total Annual Energy Used. 

o Source Energy Consumption. 

Electricity - KWH, Dollars, BTU 
Fuel Oil   - GALS, Dollars, BTU 
Natural Gas - THERMS, Dollars, BTU 
Propane    - GALS, Dollars, BTU 
Other      - QTY, Dollars, BTU 

4. Reevaluated Projects Results. 

5. Energy Conservation Analysis, 

o ECOs Investigated. 

o ECOs Recommended. 

o ECOs Rejected. (Provide economics or reasons) 

o ECIP Projects Developed.  (Provide list)* 

o Non-ECIP Projects Developed.  (Provide list)* 

o Operational or Policy Change Recommendations. 

*  Include the following data from the life cycle cost analy- 
sis summary sheet:  the cost (construction plus SIOH), the annual 
energy savings (type and amount), the annual dollar savings, the 
SIR, the simple payback period and the analysis date. 

6. Energy and Cost Savings. 

o  Total Potential Energy and Cost Savings, 

o Percentage of Energy Conserved. 

o  Energy Use and Cost Before and After the Energy Conserva- 
tion Opportunities are Implemented. 
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ANNEX C 

REQUIRED DP FORM 1391 DATA 

To facilitate ECIP project approval, the following supplemental 
data shall be provided: 

a. In title block clearly identify projects as "ECIP." 

b. Complete description of each item, of work to be accom- 
plished including quantity, square footage, etc. 

c. A comprehensive list of buildings, zones, or areas includ- 
ing building numbers, square foot floor area, designated temporary 
or permanent, and usage (administration, patient treatment, etc.). 

d. List references, and assumptions, and provide calculations 
to support dollar and energy savings, and indicate any added 
costs. 

(1) If a specific building, zone, or area is used for 
sample calculations, identify building, zone or area, category, 
orientation, square footage, floor area, window and wall area for 
each exposure. 

(2) Identify weather data source. 

(3) Identify infiltration assumptions before and after 
i mp rovements. 

(4) Include source of expertise and demonstrate savings 
claimed. Identify any special or critical environmental conditions 
such as pressure relationships, exhaust or outside air quantities, 
temperatures, humidity, etc. 

e. Claims for boiler efficiency improvements must identify 
data to support present properly adjusted boiler operation and 
future expected efficiency.  If full replacement of boilers is 
indicated, explain rejection of alternatives such as replace burn- 
ers, nonfunctioning controls, etc.  Assessment of the complete 
existing installation is required to make accurate determinations 
of required retrofit actions. 

f. Lighting retrofit projects must identify number and type 
of fixtures, and wattage of each fixture being deleted and in- 
stalled.  New lighting shall be only of the level to meet current 
criteria.  Lamp changes in existing fixtures is not considered an 
ECIP type project. 
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g.  An ECIP life cycle cost analysis summary sheet as shown in 
the ECIP Guidance shall be provided for the complete project and 
for each discrete part included in the project.  The SIR is appli- 
cable to all segments of the project.  Supporting documentation 
consisting of basic engineering and economic calculations showing 
how savings were determined shall be included. 

h.  The DD Form 1391 face sheet shall include, for the com- 
plete project, the annual dollar and MBTU savings, SIR, simple 
amortization period and a statement attesting that all buildings 
and retrofit actions will be in active use throughout the amortiza- 
tion period. 

i.  The calendar year in which the cost was calculated shall 
be clearly shown on the DD Form 1391. 

j.  For each temporary building included in a project, sepa- 
rate documentation is required showing (1) a minimum 10-year con- 
tinuing need, based on the installation's annual real property 
utilization survey, for active building retention after retrofit, 
(2) the specific retrofit action applicable and (3) an economic 
analysis supporting the specific retrofit. 

k. Nonapproprtated funded facilities will not be included in 
an ECIP project without an accompanying statement certifying that 
utility costs are not reimbursable. 

1.  Any requirements required by ECIP guidance dated 25 April 
1988 and any revisions thereto.  Note that unescalated 
costs/savings are to be used in the economic analyses. 

m.  The five digit category number for all ECIP projects ex- 
cept for Family Housing is 80000.  The category code number for 
Family Housing projects is 71100. 
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APPENDIX B 

LIMITED ENERGY STUDffiS 

TRANE TRACE BUILDING BASELINE MODEL 

INPUT AND OUTPUT 
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TRACE 600 input file Cl \JOBS\FTRUCKER.TH by ENGINEERING RESOURCE GROUP, INC. Alternativ« fl Pago #1 

01 Card - Job Information 

Project: LYSTER ARMY COMMUNITY HOSPITAL 

Location: FORT RUCKER, ALABAMA 

Client: U.S. ARMY CORPS OF ENGINEERS 

Program User: ENGINEERING RESOURCE GROUP, INC. 

Comments: LIMITED ENERGY STUDIES 

 CARD 08— Climatic Information —— ""-   "* 

Summer    Hinter    Summer   Summer   Winter Summer  Hinter 

Heather Clearness  Clearness  Design   Design   Design   Building    Ground  Ground 

Code     Number     Number     Dry Bulb Het Bulb Dry Bulb Orientation Reflect  Reflect 

MOBILE   .9 .9 94        80        24 

—CARD 09— Load Simulation Peiiods- 

lst Month  Last Month Peak    1st Month last Month 1st Month Last Month 

Cooling    Cooling    Cooling Sunaer    Summer     Daylight Daylight 

Simulation Simulation Load Hr Period    Period     Savings Savings 

APR OCT 

»CARD 10 —— Load Simulation Parameters- 

Cooling Beating Airflow Airflow Room    ... Put Hall 

Load    Load Ventilation Xnpcrt Output Circulation RA Load 

Method  Method Method       Units Units Rate to Room 

TETD-TAl UATD YES 

 CARD 11— Energy Simulation Parameters  

1st Month  Last Month Level Building 

Energy     Energy     Of Holiday Calrnriar Floor 

Simulation Simulation Calculation Code    Code     Area 

ZONE 

Load Section Alternative #1 

 Load Alternative  

Dumber        Description 

1 BASELINE MODEL 
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TRACE 600 input file C:\JOBS\FTROCKER.TH by ENGINEERING RESOURCE GROUP, INC. Alternative II Page #2 

 CARD 20— General Room Parameters - 

Zone 

Room Reference  Room Floor    Floor    Const  P 

Number Number Deocrip Length   Width    Type   H< 

1 1 SURGERY1 441      1 L                 0 

2 2 SUR CORR 927      ] L                 0 

3 3 SURGERY2 400      3 I                 0 

4 4 DEL 1 294      2 0 

5 5 DEL 2 273      3 L               0 

6 6 LABOR 1695     3 I               0 

7 7 SUR. LOON 1968     3 L              0 

8 8 NURSERY 879      3 L              0 

9 9 OB RECOV 252      3 L              0 

10 10 OR RECOV 405      3 0 

11 11 PERIM N. 4644     3 L                 0 

12 12 PER1M. S 1980     3 L               0 

13 13 INT. N 4968     3 0 

14 14 INT. S 5244     3 L               0 

15 15 ICO 756     3 L                 0 

16 16 KIT ADMIN 1032     3 L               1 

17 17 FOOD PRE 1828    : L               1 

18 18 XRAY EXT 5336     3 L               1 

19 19 XRAY INT 2352     3 L               1 

20 20 PHY THER 4404     3 L               1 

21 21 ADMIN 1790     3 L              1 

22 22 SUR.CLINIC 3116     3 L               1 

23 23 SUR.CLINIC 5822     3 L               1 

24 24 KECH 1072     3 L               1 

25 25 E.R.AC10 3915     3 L              1 

26 26 ADMIN 2964     3 I              1 

27 27 DENT EXT 1210     3 L               1 

28 28 DENT INT 5899     3 L               1 

29 29 KENT EXT 1512     3 L               1 

30 30 EENT INT 3696     3 L               1 

31 31 AREA S 3240     3 I               1 

32 32 DINING 1734    : I               1 

33 33 AC8 NORT 1579     3 L               1 

34 34 AC8 EAST 2367     3 L               1 

35 35 AC7 SO 4967     3 L              1 

36 36 AC8 SO 2268     3 L               1 

37 37 AC7 WEST 1772     3 L               1 

38 38 AC7 INT 13657    3 L               1 

39 39 AC8 INT 15184    3 L               1 

40 40 AC9 LAB 8039     3 L               1 

41 41 WEST CMS 4776     3 L               1 

42 42 AC11 WES 3671     ] L               1 

43 43 AC14 WES 1763     : L               1 

44 44 AC13 SOU 1798 L               1 

45 45 ACH EAS 3067 I               1 

46 46 AC14 EAS 6380 t                1 

47 47 AC13 EAS 5310 L               1 

Acoustic    Floor to Duplicate 

Plenum Ceiling    Floor    Floors 

Height  Resistance  Height 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

Duplicate  Perimeter 

Roans per  Depth 

Multiplier  Zone 
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TRACE 600 input file Cl\JOBS\FTRUCKER.TM by ENGINEERING RESOURCE GROUP, INC. Alternative #1 Page #3 

 CARD 20— 

Zone 

General Room Parameters - 

Room Reference Room Floor Floor 

Number Number Deacrip Length Width 

46 46 AC11 INT 4485 1 

49 49 AC14 INT S828 1 

50 50 AC13 INT 7562 1 

51 51 AC17 WES 1119 1 

52 52 AC17 NOR 3295 1 

53 53 AC17 INT 9055 1 

54 54 AC16 INT 3278 1 

55 55 AC16 NOR 680 1 

56 56 AC16 8368 1 

57 57 AC18 1170 1 

Acoustic    Floor to  Duplicate 

Const  Plenum Ceiling     Floor     Floors 

Type   Height  Resistance  Height 

12 

12 

12 

12 

•• I2 

12 

12 

12 

12 

12 

Duplicate  Perimeter 

Rooms per  Depth 

Multiplier  Zone 

— CARD 21— Thermostat 

Cooling   Room 

Room   Room      Design 

Dumber Design DB RE 

1 72 

2 72 

3 72 

4 72 

5 72 

6 72 

7 72 

8 72 

9 72 

10 72 

11 72 

12 72 

13 72 

14 72 

15 72 

16 72 

17 72 

18 72 

19 72 

20 72 

21 72 

22 72 

23 72 

24 72 

25 72 

26 72 

27 72 

28 72 

29 72 

30 72 

Parameters - 

Cooling Cooling Heating Heating Heating T'stat   Hass /  Carpet 

T'stat T'stat Room T'stat T'stat Location No. Hrs On 

Driftpoint Schedule Design DB Driftpoint Schedule Flag     Average Floor 

72 THERM72 72 72 THERM72 ZONE 

72 THERH72 72 72 THERH72 ZONE 

72 THERM72 72 72 THERM72 ZONE 

72 THERM72 72 72 THERH72 ZONE 

72 THERH72 72 72 THERH72 ZONE 

72 THERM72 72 72 THERM72 ZONE 

72 TEERH72 72 72 THERH72 ZONE 

72 TBERM72 72 72 THERH72 ZONE 

72 THERM72' 72 72 THERM72 ZONE 

72 THERM72 72 72 THERM72 ZONE 

72 THERM72 72 72 THBRM72 ZONE 

72 THERH72 72 72 THERH72 ZONE 

72 THERM72 72 72 THERM72 ZONE 

72 THERM72 72 72 THERM72 ZONE 

72 THERM72 72 72 THERM72 ZONE 

72 THERH72 72 72 THERM72 ZONE 

72 THERK72 72 72 THERM72 ZONE 

72 THERM72 72 72 THERM72 ZONE 

72 THERK72 72 72 THERM72 ZONE 

72 THERM72 72 72 THERM72 ZONE 

72 THERM72 72 72 TH3RM72 ZONE 

72 THERM72 72 72 THERM72 ZONE 

72 THERM72 72 72 THERM72 ZONE 

72 THERH72 72 72 THERM72 ZONE 

72 THERM72 72 72 THERM72 ZONE 

72 THERH72 72 72 THERM72 ZONE 

72 TEERH72 72 72 THERM72 ZONE 

72 THERH72 72 72 THERM72 ZONE 

72 THERM72 72 72 THKRM72 ZONE 

72 THERH72 72 72 THBRM72 ZONE 
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TRACE 600 input file C«\JOBS\FTROCKER.TM by ENGINEERING RESOURCE GROUP, BC. Alternative #1 Page t* 

 CARD 21— Thermostat 

Cooling    Room 

Room   Room      Design 

Number  Design DB  RH 

31 72 

32 72 

33 72 

34 72 

35 72 

36 72 

37 72 

38 72 

39 72 

40 72 

41 72 

42 72 

43 72 

44 72 

45 72 

46 72 

47 72 

48 72 

49 72 

50 72 

51 72 

52 72 

53 72 

54 72 

55 72 

56 72 

57 72 

arameters - 

Cooling Cooling Heating Heating Eeating T'stat   Mass /   Carpet 

T'stat T'stat Room T'stat T'stat Location No. Hrs  On 

Driftpoint Schedule Design DB Driftpoint Schedule Flag     Average  Floor 

72 THERM72 72 72 TESRM72 ZONE 

72 THERM72 72 72 TEERM72 ZONE 

72 THERM72 72 72 TE2RM72 ZONE 

72 THERM72 72 72 THERM72 ZONE 

72 THERM72 72 72 TEERM72 . ZONE 

72 THERM72 72 72 TEERH72 ' '  ZONE 

72 THERM72 72 72 TBERK72 " ZONE 

72 THERM72 72 72 TSZRH72 ZONE 

72 THERH72 72 72 TEZRM72 ZONE 

72 THERM72 72 72 TESRH72 ZONE 

72 THERH72 72 72 TBBRM72 ZONE 

72 THERM72 72 72 TEBRH72 ZONE 

72 THERK72 72 72 TESRM72 ZONE 

72 THERK72 72 72 TEERH72 ZONE 

72 THERM72 72 72 TEERM72 ZONE 

72 THERM72 72 72 TEERM72 ZONE 

72 TEERH72 72 72 TEEBM72 ZONE 

72 TEERH72 72 72 TEERM72 ZONE 

72 TEERM72 72 72 TBBRM72 ZONE 

72 TEERH72 72 72 XEERM72 ZONE 

72 THERH72 72 72 TSERM72 ZONE 

72 THERH72 72 72 TEERK72 ZONE 

72 TEERM72 72 72 TS3RH72 ZONE 

72 THERM72 72 72 TBBRH72 ZONE 

72 THERM72 72 72 3EKRM72 ZONE 

72 THERM72 72 72 TEZRM72 ZONE" 

72 THERM72 72 72 TEBRK72 ZONE 

— CARD 22— Roof Parameters — 

Roof 

Room   Roof   Equal to Roof 

■umber Number Floor?   Length 

1 1 YES 

2 1 YES 

3 1 YES 

4 1 YES 

5 1 YES 

6 1 YES 

7 1 YES 

8 1 YES 

9 1 YES 

10 1 YES 

11 1 YES 

12 1 YES 

13 1 YES 

Roof 

Width 

Roof Const 

U-Value Type 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

48 

Roof      Roof 

Direction Tilt 

Roof 

Alpha 
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TRACE 600 input file Cx\JOBS\FTRUCXER.TH by ENGINEERING RESOURCE GROUP, INC. Alternative fl Page # 5 

 CARD 22— Roof Parameters — 

Roof 

Room    Roof    Equal to  Roof 

Number  Number  Floor?    Length 

14       1 YES 

IS       1 YES 

19       1 YES 

23       1 YES 

24      1 

25      1 YES 

29      1 YES 

30      1 YES 

31      1 YES 

33      1 YES 

34      1 YES 

35      1 YES 

36      1 YES 

37      1 YES 

38      1 YES 

39      1 YES 

40      1 YES 

41      1 YES 

42      1 YES 

43      1 YES 

44      1 YES 

45      1 YES 

46      1 YES 

47      1 YES 

48      1 YES 

49      1 YES 

50      1 YES 

51      1 YES 

52      1 YES 

53      1 YES 

57      1 YES 

605 

Roof Roof Const 

Width U-Value Type 

.1 48 

.1 48 

.05 48 

.05 48 

1 .05 48 

.05 48 

1 .05 48 

.05 48 

.05 48 

.05 48 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

.15 23 

Roof        Roof  Roof 

Direction Tilt Alpha 

Hall Ground 

Room Wall Hall Hall Hall Conetuc Hall Hall Hall Reflectance 

Number Number Length Height D-Value Type Direction Tilt Alpha Multiplier 

1 546 .25 59 293 

2 273 .25 59 293 

4 455 .25 59 203 

5 169 .25 59 113 

7 520 .1 59 293 

9 156 .25 59 113 

11 2288 .25 59 23 

12 1196 .25 59 203 
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TRACK   600   input   file   C:\JOBS\FTRUClCER.TH by  ENGINEERING  RESOURCE GROUP,   INC. Alternative #1 Page 16 

-CARD 24— Hall Parameters 

Hall Ground 

Room   Wall   Hall Hall Wall Constuc Hall      Hall Hall Reflectance 

Number Number Length Height O-Value Type Direction Tilt Alpha Multiplier 

15 1      468 1 • 25 59 23 

17 L      130 1 .15 59 23 

19 I       1274 1 .15 S9 293 

25 L       592 1 .25 59 293 

27 L       1157 1 .25 59 113 

29 L        1092 1 .15 59 113 

32 L       663 1 .25 59 23 

33 L        962 1 .15 58 23 

34 L       2420 1 .15 58 113 

3S L       1417 1 .15 58 203 

36     : L       2119 1 .15 58 203 

37     ] L       2093 1 .15 58 293 

40    : L     - 494 1 .15 58 113 

41      ! L       910 1 .15 58 293 

42     ] I       910 1 .15 58 293 

43      ] L      1222 1 .15 58 293 

44     : L       1079 1 .15 58 203 

45     j I       910 1 .15 58 113 

46      3 L       936 1 .15 58 113 

47     3 L       1976 1 .15 58 113 

si    : L       481 1 .15 58 293 

52     3 L       2041 1 .15 58 23 

55     3 L      520 1 .15 58 23 

57    3 L       600 1 .15 58 293 

———CARD 25— Hall/Glass Parameters 

Pet Glass 

Room Hall Glass Glass or No. of Glass Sha< 

Number Number Length Width Windows O-Value Coe: 

11 17 1.13 1 

12 5 1.13 1 

15 17 1.13 1 

25 20 1.13 1 

27 10 1.17 1 

32 55 1.17 1 

33 11 .49 .58 

34 8 .49 .58 

35 18 .49 .58 

36 12 .49 .58 

37 10 .49 .58 

42 5 .49 .58 

43 5 .49 .58 

44 8 .49 .58 

45 10 .49 .58 

46 10 .49 .58 

External Internal Percent 

Shading  Shading  Solar to Visible 

Type     Type     Ret. Air Transmittance 

Inside 

Visible 

Reflectance 

.9 

.9 

.9 

.9 

.9 

.9 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 
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-CARD 25— Wall/Glass Parameter» 

Room Wall    Glaae 

Number Number  Length 

51 1 

52 1 

Glass 

Width 

Pet Glass 

or No- of 

Windows 

5 

5 

Glass Shading 

O-Value Coefficient 

.49 .58 

.49 .58 

External Internal Percent Inside 

Shading Shading Solar to Visible Visible 

Type Type 

4 

4 

Ret. Air Transmittance 

.5 

.5 

Reflectance 

 CARD 26 — 

Room 

Schedules   

Reheat Cooling Heating  Auxiliary Room    Daylighting 

Number People Lights   Ventilation Infiltration Mini muni Fans Fan      Fan       Exhaust Controls 

1 PEOP10 LITE 10 AVAIL AVAIL 

2 PEOP10 LITE10 AVAIL AVAIL 

3 PEOP10 LITE10 AVAIL AVAIL - • 
4 PEOP10 LITE10 AVAIL AVAIL 

5 PEOP10 LITE 10 AVAIL AVAIL 

£ PEOP10 LITE10 AVAIL AVAIL 

7 PEOP10 LITE10 AVAIL AVAIL 

8 PEOP10 LITE10 AVAIL AVAIL 

S PEOP10 LITE10 AVAIL AVAIL 

10 PEOP10 LITE10 AVAIL AVAIL 

11 PEOP15 LITE15 AVAIL AVAIL AVAIL 

12 PEOP15 LITE15 AVAIL AVAIL AVAIL 

13 PEOP15 LITE15 AVAIL AVAIL 

14 PEOP15 LITE15 AVAIL AVAIL 

15 PEOP15 LITE15 AVAIL AVAIL AVAIL 

16 PEOP26 LITE26 AVAIL 

17 PEOP26 LITE26 AVAIL 

18 PEOP26 LITE26 AVAIL 

19 PEOP26 LITE26 AVAIL 

20 PEOP26 LITE26 AVAIL 

21 PEOP26 LITE26 AVAIL 

22 PEOP26 LITE26 AVAIL 

23 PEOP26 LITE26 AVAIL 

24 PEOP26 LTTE26 AVAIL 

25 PEOP26 LITE26 AVAIL 

26 PEOP26 LITB26 AVAIL 

27 PEOP57 LITE57 AVAIL 

28 PEOP57 LITE57 AVAIL 

29 PEOP57 LITE57 AVAIL 

30 PEOP57 LITE57 AVAIL 

31 PEOP57 LITE57 AVAIL 

32 PEOP57 LITE57 AVAIL 

33 PEOP57 LITES7 AVAIL 

34 PEOP57 LITE57 AVAIL 

35 PEOP57 LITE57 AVAIL 

36 PEOP57 LITB57 AVAIL 

37 PEOP57 LITE57 AVAIL 

38 PEOPS7 LITES7 AVAIL 

39 PEOP57 LITE57 AVAIL 
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 CARD 26— Schedules 

Room 

Number People Lights 

40 PEOP57 LITE57 

41 PEOP57 LITE57 

42 PEOP57 LITE57 

43 PEOP57 LITES7 

44 PEOP57 LITE57 

45 PEOP57 LITE57 

46 PEOP57 LITE57 

47 PEOP57 LITE57 

48 PEOP57 LITE57 

49 PEOP57 LITES7 

50 PEOP57 LITE57 

51 PEOP57 LITE57 

52 PEOP57 LITE57 

53 PEOP57 LITE57 

54 PEOP57 LITE57 

55 PEOP57 LITE57 

56 PEOP57 LITE57 

57 PEOP57 LITE57 

Ventilation  Infiltration  Minimum 

Reheat Cooling Heating Auxiliary Room Daylighting 

Fans Fan Fan Exhaust Controls 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

 CARD 27— People am a  Lights - 

Room People People People People Lighting Lighting 

Bomber Value Units .Sensible Latent Value Units 

1 75 SF-PERS 345 435 5.9 HATT-SF 

2 300 SF-PERS 345 435 1.0 HATT-SF 

3 75 SF-PERS 345 435 7.0 HATT-SF 

4 75 SF-PERS 345 435 8.2 HATT-SF 

5 75 SF-PERS 345 435 8.8 HATT-SF 

6 150 SF-PERS 345 435 1.5 KATT-SF 

7 300 SF-PERS 345 435 .94 HATT-SF 

8 150 SF-PERS 255 255 1.4 HATT-SF 

9 75 SF-PERS 255 325 1.4 KATT-SF 

10 100 SF-PERS 315 325 1.0 HATT-SF 

11 100 SF-PERS 230 190 1.1 HATT-SF 

12 100 SF-PERS 230 190 .92 HATT-SF 

13 300 SF-PERS 230 190 .47 HATT-SF 

14 300 SF-PERS 230 190 .47 HATT-SF 

15 150 SF-PERS 230 190 1.0 HATT-SF 

16 200 SF-PERS 2S5 255 1.22 HATT-SF 

17 SOO SF-PERS 345 435 1.53 HATT-SF 

18 500 SF-PERS 315 325 1.25 HATT-SF 

19 400 SF-PERS 345 435 1.67 HATT-SF 

20 400 SF-PERS 315 325 1.12 HATT-SF 

21 100 SF-PERS 255 255 1.86 HATT-SF 

22 250 SF-PERS 255 255 1.44 HATT-SF 

23 200 SF-PERS 255 255 1.62 HATT-SF 

lighting Percent     Daylighting   

Fixture  Ballast Lights to Reference Reference 

Type     Factor  Ret. Air  Point 1   Point 2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

5 

5 

5 

5 

5 

5 

5 
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Room People People People People Lighting Lightini 

Number Value Units Sensible Latent Value Units 

24 1000 SF-PERS 345 435 .97 HATT-SF 

25 200 SF-PERS 345 435 1.39 HATT-SF 

26 300 SF-PERS 34S 435 2.21 HATT-SF 

27 300 SF-PERS 345 435 2.19 HATT-SF 

28 300 SF-PERS 345 435 1.75 HATT-SF 

29 300 SF-PERS 345 435 1.39 HATT-SF 

30 300 SF-PERS 345 435 1.39 HATT-SF 

31 300 SF-PERS 345 435 1.45 HATT-SF 

32 50 SF-PERS 345 435 1.13 HATT-SF 

33 300 SF-PERS 345 435 2.08 HATT-SF 

34 300 SF-PERS 345 435 1.56 HATT-SF 

35 300 SF-PERS 345 43S 1.25 HATT-SF 

36 300 SF-PERS 345 435 1.94 HATT-SF 

37 300 SF-PERS 345 435 1.82 HATT-SF 

38 200 SF-PERS 345 345 1.45 HATT-SF 

39 200 SF-PERS 345 435 1.15 HATT-SF 

40 200 SF-PERS 345 435 1.37 HATT-SF 

41 500 SF-PERS 345 435 1.24 HATT-SF 

42 SOO SF-PERS 345 435 1.76 WATT-SF 

43 500 SF-PERS 345 435 1.59 HATT-SF 

44 500 SF-PERS 345 435 2.28 HATT-SF 

45 500 SF-PERS 345 435 .92 HATT-SF 

46 500 SF-PERS 345 435 1.71 HATT-SF 

47 500 SF-PERS 345 43S 1.83 HATT-SF 

48 500 SF-PERS 345 435 1.00 HATT-SF 

49 500 SF-PERS 345 435 1.30 HATT-SF 

SO 500 SF-PERS 345 435 1.55 HATT-SF 

51 500 SF-PERS 345 435 1.38 HATT-SF 

52 500 SF-PERS 345 435 2.04 HATT-SF 

53 500 SF-PERS 345 435 1.45 HATT-SF 

54 500 SF-PERS 345 435 1.34 HATT-SF 

55 500 SF-PERS 345 43S 1.72 HATT-SF 

56 500 SF-PERS 345 435 .95 HATT-SF 

57 100 SF-PERS 345 435 1.79 HATT-SF 

Lighting Percent     Daylighting   

Fixture   Ballast  Lights to Reference  Reference 

Type     Factor  Ret. Air  Point 1    Point 2 

5 

5 

5 

5 " 

... 5 

- '5 

S 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

 CARD 28— Miscellaneous Equipment 

Hisc 

Room   Equipment  Equipment 

Number Number     Descrip 

1     1 MISC EQ 

2       1 HISC EQ 

3       1 MISC EQ 

4       1 MISC EQ 

5       1 MISC EQ 

6       1 MISC EQ 

Energy  Energy Energy 

Consump Consump Schedule Meter 

Value Units Code 

BTOH-SF MISC10 

BTUH-SF MISC10 

BTOH-SF MISC10 

BTUH-SF MISC10 

BTUH-SF MISC10 

BTUH-SF MISC10 

Code 

ELEC 

ELEC 

ELEC 

ELEC 

ELEC 

ELEC 

Percent  Percent    Percent 

of Load  Misc. Load Misc. Sena  Radiant  Optional 

Sensible  to Room    to Ret. Air  Fraction Air Pat 

SYS-EXH 

SYS-EXH 

SYS-EXH 

SYS-EXE 

SYS-EXB 

SYS-EXH 
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 CARD 28  Miscellaneous 

Mißc 

Room   Equipment  Equipment 

Number  Number     Descrip 

1 7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

RISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MXSC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

RISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

KISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

MISC EQ 

KISC EQ 

Energy Energy Energy 

Consump Consump Schedule Meter 

Value Onita Code Code 

1 BTUH-SF MISC10 ELEC 

1 BTUH-SF MISC10 ELEC 

1 BTUH-SF MISC10 ELEC 

1 BTUH-SF MISC10 ELEC 

.5 BTUH-SF MISC15 ELEC 

.5 BTUH-SF MISC15 ELEC 

.5 BTUH-SF HISC15 ELEC 

.5 BTUH-SF MISC15 ELEC 

.5 BTUH-SF KISC15 ELEC 

.25 BTUH-SF MISC26 ELEC 

1 BTUH-SF HISC26 ELEC 

.5 BTUH-SF MISC26 ELEC 

1.5 BTUH-SF MISC26 ELEC 

.75 BTUH-SF MISC26 ELEC 

.25 BTUH-SF HISC26 ELEC 

.25 BTUH-SF MISC26 ELEC 

.25 BTUH-SF MISC26 ELEC 

.25 BTUH-SF MISC26 ELEC 

.25 BTUH-SF RISC26 ELEC 

.2 BTUH-SF RTSC26 ELEC 

.2 BTUH-SF RISC57 ELEC 

.2 BTUH-SF HISC57 ELEC 

.2 BTUH-SF MISC57 ELEC 

.2 BTUH-SF KISC57 ELEC 

.2 BTUH-SF MISC57 ELEC 

.2 BTUH-SF RISC57 ELEC 

.2 BTUH-SF RISC57 ELEC 

.2 BTUH-SF RISC57 ELEC 

.2 BTUH-SF HISC57 ELEC 

.2 BTUH-SF MISC57 ELEC 

.2 BTUH-SF MISC57 ELEC 

.1 BTUH-SF MISC57 ELEC 

.1 BTUH-SF RISC57 ELEC 

.2 BTUH-SF RISC57 ELEC 

1.2 BTUH-SF MISC57 ELEC 

.25 BTUH-SF MISC57 ELEC 

.25 BTUH-SF MISC57 ELEC 

.25 BTUH-SF MISC57 ELEC 

.25 BTUH-SF MISCS7 ELEC 

.25 BTUH-SF RISCS7 ELEC 

.25 BTUH-SF RISC57 ELEC 

.25 BTUH-SF MISC57 ELEC 

.25 BTUH-SF MISC57 ELEC 

.25 BTUH-SF HISC57 ELEC 

.2 BTUH-SF RISCS7 ELEC 

.2 BTUH-SF RISC57 ELEC 

.2 BTUH-SF MISC57 ELEC 

Percent       Percent Percent 

of Load       Misc.   Load    Misc.   Sens       Radiant       Options 

Sensible    to Room to Ret.  Air    Fraction    Air Pat 

SYS-EH 

SYS-EM 

SYS-EH 

SYS-EH 

SYS-BH 

■•■ SYS-EH 

SYS-EH 

SYS-BH 

SYS-EH 

SYS-EH 

50 SYS-EH 

SYS-EH 

SYS-EH 

67 STS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS—EH 

SYS-EH 

83 SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EH 

SYS-EXI 

SYS-EH 

SYS-EH 
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-CARD 28 Miscellaneous Equipment 

Hue 

Room Equipment  Equipment 

Number Number Descrip 

54 1 MISC EQ 

55 1 MISC EQ 

56 1 MISC EQ 

57 1 HISC EQ 

Energy Energy Energy 

Consump Consujnp Schedule Heter 

Value Unite Code Code 

.2 BTUH-SF MISC57 ELEC 

.2 BTUH-SF MISC57 ELEC 

.2 BTUH-SF MISC57 ELEC 

.2 BTUH-SF MISC57 ELEC 

Percent  Percent    Percent 

of Load  Misc. Load  Misc. Sena   Radiant   Optioca 

Sensible  to Room    to Ret. Air Fraction  Air Pat 

SYS-EH 

SYS-E32 

SYS-EXi 

SYS-EXZ 

 CARD 29 Room Airflows 

 Ventilation  

Room  Cooling  -   
Number Value Unit 6 Value Units 

1 100 PCT- MCLG 100 PCT-HCLG 

2 100 PCT- MCLG 100 PCT-HCLG 

3 100 PCT- MCLG 100 PCT-HCLG 

4 100 PCT- MCLG 100 PCT-HCLG 

5 100 PCT- MCLG 100 PCT-HCLG 

6 100 PCT- MCLG 100 PCT-HCLG 

7 100 PCT- MCLG 100 PCT-HCLG 

e 100 PCT- MCLG 100 PCT-HCLG 

9 100 PCT- MCLG 100 PCT-HCLG 

10 100 PCT- MCLG 100 PCT-HCLG 

li 100 PCT- MCLG 100 PCT-MCLG 

12 100 PCT- MCLG 100 PCT-HCLG 

13 100 PCT- MCLG 100 PCT-HCLG 

14 100 PCT- MCLG 100 PCT-MCLG 

15 100 PCT- MCLG 100 PCT-MCLG 

16 172 CFM 172 CFM 

17 306 CFM 306 CFH 

18 892 CFM 892 CFH 

19 393 CFM 393 CFM 

20 736 CFM 736 CFM 

21 299 CFM 299 CFM 

22 520 CFM 520 CFH 

23 973 CFM 973 CFM 

24 179 CFM 179 CFM 

25 654 CFM 654 CFM 

26 638 CFM 638 CFM 

27 261 CFM 261 CFM 

28 1271 CFM 1271 CFM 

29 326 CFM 326 CFM 

30 796 CFM 796 CFM 

31 698 CFM 698 CFM 

32 374 CFM 374 CFM 

33 141 CFM 141 CFH 

34 211 CFM 211 CFH 

35 443 CFM 443 CFH 

36 202 CFM 202 CFM 

 Infiltration  

 Cooling   Heating  

Value Units Value Units 

-01 CFM-SF .01 CFH-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFH-SF 

.01 CFH-SF .01 CFM-SF 

.01 CFM-SF .01 CFH-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFH-SF -01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFH-SF .01 CFH-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF -01 CFM-SF 

-01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

-01 CFM-SF .01 CFM-SF 

-01 CFM-SF -01 CFM-SF 

-01 CFM-SF .01 CFM-SF 

.01 CFM-SF -01 CFM-SF 

.01 CFM-SF .01 CFM-SF 

—Reheat Minim»— 

Value Unit« 

1.50 CFM-SF 

1.50 CFM-SF 

1.50 CFM-SF 

1.50 CFM-SF 

1.50 CFM-SF 

1.50 CFM-SF 

1.50 CFM-SF 

1-50 CFM-SF 

1.50 CFM-SF 

1.50 CFM-SF 

.427 CFM-SF 

.427 CFM-SF 

.427 CFM-SF 

.427 CFM-SF 

.427 CFM-SF 
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 CARD 29 Room Airflows  

 Ventilation- 

Room     Cooling- 

Number Value 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

158 

1219 

1355 

6810 

1090 

838 

402 

410 

700 

1456 

1212 

1024 

1330 

1726 

158 

465 

1279 

463 

96 

1182 

165 

g  

Units Value 

CFH 158 

CFM 1219 

CFH 1355 

CFM 6810 

CFM 1090 

CFM 838 

CFM 402 

CFM 410 

CFM 700 

CFM 1456 

CFM 1212 

CFM 1024 

CFM 1330 

CFM 1726 

CFM 158 

CFM 465 

CFM 1279 

CFM 463 

CFM 96 

CFM 1182 

CFM 165 

Heating- 

Units 

CFM 

CFM 

CFM 

CFH 

CFM 

CFM 

CFM 

CFM 

CFH 

CFM 

CFH 

CFM 

CFH 

CFM 

CFM 

CFM 

CFM 

CFM 

CFM 

CFM 

CFM 

 Infiltration  

 Cooling      Heating 

Value 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

Units Value 

CFH-SF .01 

CFH-SF .01 

CFH-SF .01 

CFH-SF .01 

CFH-SF .01 

CFH-SF .01 

CFH-SF .01 

CFH-SF .01 

CFM-SF .01 

CFH-SF .01 

CFH-SF .01 

CFM-SF .01 

CFH-SF .01 

CFM-SF .01 

CFM-SF .01 

CFM-SF .01 

CFM-SF .01 

CFH-SF .01 

CFM-SF .01 

CFH-SF .01 

CFM-SF .01 

Units 

CFH-SF 

CFH-SF 

CFH-SF 

CFH-SF 

CFH-SF 

CFH-SF 

CFM-SF 

CFM-SF 

CFH-SF 

CFH-SF 

CFH-SF 

CFM-SF 

CFM-SF 

CFM-SF 

CFH-SF 

CFM-SF 

CFM-SF 

CFM-SF 

CFM-SF 

CFM-SF 

CFM-SF 

—Reheat Hin 

Value       Units 

 CARD 30- Fan Airflows 
_ 

Room —-Cooling   Beating  

Number Value Unite Value Units Value    Units   Value    Unite 

1 662 CFM 662 CFH 

2 1391 CFM 1391 CFH 

3 600 CFM 600 CFH 

4 531 CFM 531 CFH 

5 474 CFM 474 CFM 

6 2543 CFM 2543 CFM 

7 2952 CFM 2952 CFM 

8 1319 CFM 1319 CFH 

9 378 CFH 378 CFM 

10 608 CFM 608 CFM 

11 2994 CFM 2994 CFM 992       CFH      992       CFM 

12 1304 CFM 1304 CFM 381      CFH     381      CFH 

13 2121 CFM 2121 CFH 

14 2239 CFH 2239 CFH 

15 475 CFH 475 CFH 203       CFH      203       CFH 

16 434 CFM 434 CFM 

17 887 CFH 887 CFH 

18 2124 CFH 2124 CFH 

19 1640 CFH 1640 CFH 

—-Room Exhaust- 

Value     Units 
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Roon  Cooling      Heating   Cooling     Heating  —Room Exhaust— 

Numb er  Value Units Value Units Value    Units   Value    Units Value     Units 

20 1664 CFM 1664 CFM 

21 1214 CFM 1214 CFM 

22 1421 CFM 1421 CFM 

23 3555 CFM 3555 CFM 

24 353 CFM 353 CFM 

25 3800 CFM 3800 CFH 

26 1939 CFM 1939 CFH 

27 2417 CFM 2417 CFH 

28 3182 CFM 3182 CFH 

29 1061 CFM 1061 CFM 

30 1996 CFM 1996 CFH 

31 1506 CFM 1506 CFH 

32 3406 CFM 3406 CFH 

33 1750 CFM 1750 CFH 

34 2787 CFH 2787 CFH 

35 5033 CFM 5033 CFM 

36 3273 CFM 3273 CFH 

37 2571 CFM 2S71 CFH 

38 11929 CFM 11929 CFM 

39 12507 CFM 12507 CFM 

40 9026 CFM 9026 CFM 

41 4592 CFH 4592 CFH 

42 3884 CFM 3884 CFM 

43 2056 CFM 2056 CFH 

44 2409 CFH 2409 CFH 

45 2898 CFM 2898 CFM 

46 6608 CFM 6608 CFH 

47 2130 CFM 2130 CFH 

48 3802 CFH 3802 CFM 

49 5267 CFH 5267 CFM 

50 7187 CFM 7187 CFH 

51 1332 CFH 1332 CFH 

52 4370 CFH 4370 CFM 

53 9612 CFH 9612 CFH 

54 1130 CFM 1130 CFH 

55 298 CFM 298 CFH 

56 2187 CFM 2187 CFH 

57 1633 CFM 1633 CFH 

 CARD 34— Internal Shading   

Overall 

Shading Overall Shading    Scbedu 

Type     U-Value  Coefficent Code 

3 .81      .64 AVAIL 

4 .43      .39 AVAIL 

Shade Visible Min 

Location Tran&mittance OADB 

INSIDE .21 

INSIDE .12 

  Lockouts  

Solar     Max Max   Solar     Max   Glare 

Solar Ctrl Prob Glare  Ctrl Prob 
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System Section Alternative fl 

 CARD 39— System Alternative 

Number Description 

1 BASELINE MODEL 

 CARD 40  

System 

Set System 

Number Type 

1 BPMZ 

2 TRH 

3 DD 

4 DD 

5 KZ 

6 HZ 

7 HZ 

8 HZ 

System Type 

—OPTIONAL VENTILATION SYSTKH  

Ventil Fan 

Deck     Cooling  Heating Cooling  Heating  Static 

Location SADBVh   SADBVh  Schedule Schedule Pressure 

 CARD 41— Zone ■ Assignment 

System 

Set Ref fl Ref #2 Ref #3 Ref *4 Ref fS Ref #6 

Number Begin End     Begin   End Begin   End Begin   End Begin   End Begin   End 

1 1 10 

2 11 IS 

3 16 25 

4 26 32 

5 33 39 

6 40 40 

7 41 50 

8 SI 57 

 CARD 42 Fan SP and Duct Parameters  

System Cool  Heat  Return Hn Bxh Aux  Rm Exh Cool Return  Supply  Supply  Return 

Set Fan Fan Fan Fan Fan Fan Fan Htr Fan I 

Number SP SP SP SP SP SP Loc Loc 

1 4.3 .97 .20 OMIT OMIT 

2 4.3 2.28 .20 .5 OMIT OMIT 

3 5.96 .21 OHIT OMIT 

4 4.37 OMIT OMTT 

5 4.32 1.25 .SO OMIT OMIT 

6 1.68 .50 1.63 OMIT OMTT 

7 9.1 1.45 2.4 OHIT OMIT 

Duct 

Loc , 

Air 

Path 

DUCTED 

DUCTED 

DUCTED 

DUCTED 

DUCTED 

DUCTED 

DUCTED 
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TRACE 600 input file C«\JOBS\FTRDCKER.TH by ENGINEERING RESOURCE GROUP, IHC- Alternative #1 Page #15 

• 

 CARD 42 Pan SP and Duct Parameters  

System Cool  Heat  Return Mn Exh Aux  Rm Exh Cool    Return  Supply Supply Return 

Set    Fan  Fan  Fan    Fan    Fan  Fan    Fan Mtr Fan Mtr Duct   Duct   Air 

Number  SP    SP    SP      SP      SP    SP      Loc     Loc      Ht Gn   Loc     Path 

8       5.5 .80     1.43 OMIT     OMIT DOCTED 

—CARD 43— Airflow Design Temperatures — 

System Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum. Minimum Design 

Set    Cooling Cooling Heating Heating Cooling Cooling Preheat Preheat "Room Ht Rec 

Lv DB    Lv DB    Lv DB    Lv DB    RH Diff 

45 

Number SADB SADB SADB SADB 

1 50.1 50. 1 86 86 

2 56 56 86 86 

3 60 60 100 100 

4 60 60 100 100 

5 54 54 86 86 

6 58 58 86 86 

7 56 56 86 86 

8 58 58 86 86 

 CARD 44-- System Options 

System Econ Econ Max Pet Direct Indirect 1st Stage   Exhaust Air Heat Recovery   

Set Type On Outside Evap Evap Evap Fan       Effectiveness  Control Method 

Humber Flag Point Air Cooling Cooling Cooling Cycling System       Room   System 

j 50 COOL 

2 

3 

4 

s CO CLG-HTG 

6 CO CLG-HTG 

7 

8 

—-—CARD 45 Equipment Schedules 

System Main Direct 

Set Cooling Evap 

Number Coil     Economizer Coil 

1 AVAIL 

2 AVAIL 

3 AVAIL 

4 AVAIL 

5 AVAIL 

6 AVAIL 

7 AVAIL 

8 AVAIL 

Indirect Auxiliary Main Main Auxiliary 

Evap Cooling Heating Preheat Reheat Mech. Heating 

Coil Coil Coil 

AVAIL 

Coil Coil 

AVAIL 

Humidity 

AVAIL 

Coil 

AVAIL AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL 

AVAIL AVAIL 
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TRACE 600 input file C:\JOBS\FTROCKER.TH by ENGINEERING RESOURCE GROUP, INC. Alternative #1 Page #1« 

 CARD 46 EHS/BAS Schedule«  

System  Diacrim   Night     Opti=u=  Optin.ua.   DUTY CYCLING   System HR Room HR 

Set     Control   Purge     Stan:     Stop     On Period Pattern Maximum  Exhaust    Exhaust 

Number  Schedule  Schedule  Schedule  Schedule  Schedule  Length  Off Time  Schedule   Schedule 

AVAIL 

OFF 

OFF 

OFF 
4 

AVAIL 

AVAIL 

7 OFF 

8 OFF 

 CARD «7— Fan Overrides  ~ 

Sys  Clg  Htg  Ret  Mn Exh Aux R- Bxh  Opt Vnt  HAIN COOLING FAN  

Set  Fan Fan  Fan Fan     Fan Fan     Sya Fan Mech    Air      Air      Size 

Hum Eff  Eff  Eff  Eff     Eff Bff     Eff     Bff     Value    Units    Meth     Confg 

75 

1 85 85 85 

2 85 85 85 

3 75 75 

4 75 

5 85 85 85 

6 85 85 85 

7 85 85 85 

8 85 85 85 

 CARD 48— Cooling Capacity Overrides  

Sv6tea Misc       MAIN  COOLING  —AUX COOLING  

Set    People    Lights    Load*    Capacity Capacity Capacity Capacity Capacity Capacity 

Number Variance Variance Variance Value    Units     Sizing   Location Value     Units 

1 
100       PCT-CAP 

3 

4 

5 

6 

7 

8 

 CARD 49— Beating Capacity Overrides  

System   MAIN HEATING PREHEAT REHEAT   -HUMIDIFICATI0N--  AUX HEATING  

Set    Capacity Capacity Capacity Capacity Capacity Capacity Capacity Capacity Capacity Capacity 

Number Value     Units     Value    Units    Value    Units    Value     Units Value Units 

1 
100 PCT-CAP 

3 
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TRACE 600 input file C:\JOB5\FTR0CXER.TH by ENGINEERING RESOURCE GROUP, INC. Alternative t1 Page #17 

 CARD 49— Heating Capacity Overrides   

System   HAIN HEATING    PREHEAT    REHEAT   —HUKIDIFICATION—   AUX HEATING  

Set     Capacity  Capacity Capacity  Capacity Capacity Capacity Capacity Capacity Capacity Capacity 

Number  Value     Units     Value     Units    Value    Units    Value    Units    Value     Units 

4 

5 

6 

7 

8 

Equipment Section Alternative #1 

 --CARD 59— Equipment Description / TOD Schedules — 

Elec Coneump Elec Demand Demand 

Alternative  Time of Day  Time of Day Limit 

Number      Schedule     Schedule     Max KW Alternative Description 

1 BASELINE MODEL 

———CARD 60 Cooling Load Assignment  

Load All Coil Cooling 

Asgn Loads To Equipment  -Group 1—  —Group 

Ref  Cool Ref Sizing 

BLKPLANT 

—Group 3— —Group 4- —Group 5— —Group 6— —Group 7 

Begin End Begin End Begin End Begin End Begin End Begin End Begin End 

-Group 8-  -Group 9- 

Begin End Begin End 

——CARD 61— Optional Coil Assignment — --..., 

Load System   Room     Misc. 

Assignment  Main Direct  Indirect Aux  Optional Exh Heat Exh Beat Cooling 

Reference  Coil  Evap   Evap     Coil Ventil   Recovery Recovery Load 

1 11 

 CARD 62— Cooling Equipment Parameters 

Cool Equip 

Ref Code 

Hum Name 

1 EQ1008L 

2 EQ1008L 

3 EQ1008L 

Num    COOLING  

Of     —Capacity—      Energy  

Units Value Units     Value   Units 

1 230    TOHS       .86      KW-TON 

1 360   TOHS       .70     KW-TON 

1 230    TONS       .86      KW-TON 

 HEAT RECOVERX  

—Capacity—      Energy  

Value Units     Value   Units 

Seq Demand 

Order  Seq  Limit 

Num   Type Bumber 

1 

2 

3 
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TRACE 600 input file Ct\JOBS\FTRUCKER.TH by ENGINEERING RESOURCE GROUP, INC. Alternative #1 Page tIS 

-CARD 6 3— Cooling Pumps and References 

Cool CHILLED HATER    CONDENSER    HT REC or AUX   Switch- 

Ref  Full Load  Full Load  Full Load  Full Load Full Load  Full Load  over Cold    Cooling Misc. 

Value     Units     Control Storage Tower   Access. 

1 1 

1 2 

Num Value Units Value Un 

1 50 HP 20 HP 

2 40 HP 25 HP 

3 0 HP 20 HP 

 CARD 64— Cooling Equipment Options  "   ~ 

Cool  Max   Load Free            Cond     Cond     Cond Rej  Cond Rej  Cond Rej 

Ref  CW    Shed Evap    Cooling Heat   Entering  Min Oper To Ref   To Ref   t   HW 

Num  Reset  Economizer Precool Type    Source Temp     Temp     Type     Number   Temp 

1 NONE 

2 NONE 

3 NONE 

 CARD 65— Heating Load Assignment 

Load All Coil 

Assignment Loads To 

Reference 

1 

All Coil 

Loads To    -Group 1- -Group 2- -Group 3- -Group 4- -Group 5- -Group 6- -Group 7- -Group 8- -Group 9- 

Heating Ref  Begin End Begin End Begin End Begin End Begin End Begin End Begin End Begin End Begin End 

118 

—^—CARD 66— Optional Heating Coil Assignment  

Load «"<=• 

Assignment  Main Preheat  Reheat Mech    Anx  Optional  Heating 

Reference   Coil  Coil     Coil   Humidif Coil Ventil   Load 

1 111 

 CARD 67— Heating Equipment Parameters 

Heat   Equip    Number 

Ref    Code     Of 

Number Name     Units 

1 EQ2004    1 

2 EQ2004    1 

HW Pmp Energy 

Full Ld Cap'y Rate 

Value Units Value Units Value Units 

20 FT-WATER 70 PCTEFF 

20 FT-WATER 70 PCTEFF 

Seq    Switch 

Order  over    Hot  Misc. 

Number Control Strg Ace. 

 CARD 69— Fan Equipment Parameters  

System 

Set Cooling Heating Return Exhaust 

Number Fan Fan Fan Fan 

1 EQ4003 EQ4003 EQ4002 

2 EQ4003 EQ4003 EQ4002 

3 EQ4001 EQ4002 

4 EQ4001 

5 EQ4003 EQ4003 EQ4002 

6 EQ4003 BQ4003 EQ4002 

Auxiliary Room 

Supply    Exhaust 

Optional 

Ventilation 
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TRACE 600 input file Cl\JOBS\FTROCXER.TM by ENGINEERING RESOURCE CROUP, IMC. Alternative #1 Page 419 

 CARD 69 

System 

Set       Cooling 

Number     Fan 

8 EQ4003 

Fan Equipment Parameters 

Heating Return Exhaust Auxiliary Room Optional 

Fan Fl2 Fan Supply Exhaust Ventilation 

EQX003 EQ4002 

—CARD 70— Fan Equipment KW Overrides 

  MAIN SYSTEM- 
System Cool Heat Ret Exh 

Set Fan Fan Fan Fan 

Number KW KW KW KW 

1 9.6 4.0 0.1 

2 22.5 S.4 0.1 

3 34.7 0.4 

4 31.8 

5 27.3 12.7 3.4 

6 10.2 2.4 4.7 

7 43.1 13. 5 3.8 

8 26.0 8.1 2.3 

 OTHER SYSTEM— DEMAND LIMIT PRIORITY  

Anx  Room Opt Room Opt 

Sop  Exh  Vent Cool Heat Aux  Exh  Vent 

KW   KW   KW Fan  Fan  Fan  Fan  Fan 

 -CARD 71— Ba.se utility Parameters ■  

Base    Base Hourly   Hourly 

Utility utility Demand   Demand Schedule Energy 

Number  Descrip Value    Units  Code     Xype 

1 BASE 50        KW      AVAIL    ELBC 

2 BASE DHW 300        GALS    AVAIL     HOT-LD 

Equip Demand 

Reference Limiting Entering Leaving 

Number Number Temp Temp 

1 65 134 

——CARD 72— Switchover Controls —— 

Outside 

Control   Load  Load  Air     Sched 

Reference Value Units DB      Code 

1 80 

 CARD 74  Condenser / Cooling Tower Parameters  

Cooling Energy Energy 

Tower Tower Capacity Capacity Consump Consump Fluid Tower 

Ref   Code Value Units Value Units Type Type 

1 EQ5100 230 TONS 20 HP T-WATER CTOWER 

2 EQ5100 360 TONS 25 HP T-WATER CTOWER 

3 EQ5100 230 TONS 20 HP T-MATER CTOWER 

■umber Percent Low Spd  Low Spd 

Of     Airflow Energy   Energy 

Cells   Low Spd Value     Units 

1 

1 

1 
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TRACE   600   input   file  C«\JOBS\PTROCKER.TM by  ENGINEERING  RESOURCE GROUP,   IHC. Pa9°   *20 

Utility Description Reference Table 

Schedules: 

AVAIL  AVAILABLE (100t) 

LiTEio LISTER ARMY COMMUNITY HOSPITAL 

LITE1S LYSTER ARMT COMMUNITY HOSPITAL 

LITE26 LYSTER ARMY COMMUNITY HOSPITAL 

LITE57 LYSTER ARMY COMMUNITY HOSPITAL 

MISC10 LYSTER ARMY COMMUNITY HOSPITAL 

MISC15 LYSTER ARMY COMMUNITY HOSPITAL 

MISC26 LYSTER ARMY COMMUNITY HOSPITAL 

MISC57 LYSTER ARMY COMMUNITY HOSPITAL 

OFF  ALWAYS OFF 

PEOP10 LYSTER ARMY COMMUNITY HOSPITAL 

PEOP15 LYSTER ARMY COMMUNITY HOSPITAL 

PEOP26 LYSTER ARMY COMMUNITY HOSPITAL 

PEOP57 LYSTER ARMY COMMUNITY HOSPITAL 

THERM72 LYSTER ARMY COMMUNITY HOSPITAL 

System: 

BPMZ  BYPASS KULTIZOHE 

DD  DOUBLE DUCT 

MZ  MULTIZONE 

TRH  TERMINAL REHEAT 

Equipment: 

Cooling: 

EQ1008L  3-STG CTV >200 TONS 

Heating: 

EQ2004  GAS HATER TUBE STEAM 

Fan: 

EQ4001  AIRFOIL CENTRIF. FAN C.V. 

EQ4002  BI CENTRIF. FAN C.V. 

EQ4003  FC CENTRIF. FAN C.V. 

Tower: 

EQ5100  CO0LH9G TOWER 
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TRACE 600 input file C:\JOBS\FTRUCKER.TM by ENGINEERING RESOURCE GROUP, IK. Page #23 

Schedule Name: AVAIL 

Project: AVAILABLE (100) 

Location: 

Client: 

Program User: 

Comments: 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: DSGN  Ending Day Type: SUN 

Hour Util Percent 

0     100 

24 
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TRACE 600 input file C:\JOBS\FTRUCKER.TH by ENGINEERING RESOURCE GROUP, INC. Pa9e *22 

Schedule Name: LITE10 

Project: LYSTER ARMY COMMUNITY HOSPITAL 

Location: FORT RUCKER, ALABAMA 

Client: U.S. ARMY CORPS OF ENGINEERS 

Program User: ENGINEERING RESOURCE GROUP 

Comments: LIGHTING SCHEDULE ZONES 1-10 

Starting Month: JAN   Ending Honth: HTG 

Starting Day Type: DSGN   Ending Day Type: WKDY 

Hour Util Percent 

0 20 

6 40 

7 90 

8 100 

16 90 

17 80 

18 20 

24 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: SAT  Ending Day Type: SAT 

Hour Util Percent 

0 20 

8 50 

13 20 

24 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: SUN  Ending Day Type: SUN 

Hour Util Percent 

0       20 

24 
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TRACE 600 input file Cl\JOBS\PTRUCKER.TH by ENGINEERING RESOURCE GROUP, INC. Page #23 

Schedule Name: LITE15 

Project: LYSTER ARMY COMMUNITY HOSPITAL 

Location: PORT RÜCKER, ALABAMA 

Client: U.S. ARMY CORPS OF ENGINEERS 

Program User: ENGINEERING RESOURCE GROUP 

Comments: LIGHTING SCHEDULE ZONES 11-15 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: DSGN   Ending Day Type: SUN 

Hour Util Percent "* 

0 25 

s 40 

6 50 

7 100 

15 80 

16 50 

17 25 

24 
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TRACE «00 input file C:\JOBS\FTRUCXER.TM by EHGIHEBRIJJC RESOURCE GROUP, IHC. p  e f2< 

Schedule Name: LITE26 

Project: LYSTER ARMY COMMUNITY HOSPITAL 

Location: FORT RUCKER, ALABAMA 

Client: U.S. ARMY CORPS OF ENGINEERS 

Program User: ENGINEERING RESOURCE GROUP 

Comments: LIGHTING SCHEDULE ZONES 16-26 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: DSGN  Ending Day Type: WKDY 

Hour  util Percent ■•■ 

0 25 

6 50 

7 100 

18 75 

21 50 

23 25 

24 

Starting Month: JAH  Ending Month: HTG 

Starting Day Type: SAT  Ending Day Type: SUN 

Hour Util Percent 

0       25 

7       50 

24 
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TRACE 600 input file C:\JOBS\FTRUCXER.TM by ENGINEERING RESOURCE GROUP, INC. 

Schedule Name: LITES7 

Project: LYSTER ARMY COMMUNITY HOSPITAL 

Location: FORT RUCKER, ALABAMA 

Client: U.S. ARMY CORPS OP ENGINEERS 

Program User: ENGINEERING RESOURCE GROUP 

Comments: LIGHTING SCHEDULE ZONES 27-57 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: DSGN   Ending Day Type: WKDY 

Hour  Util Percent 

Page #25 

0 10 

6 SO 

7 100 

18 50 

19 10 

24 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: SAT  Ending Day Types SUN 

Hour Util Percent 

0 10 

e 50 

13 10 

24 
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TRACE «00 input file C:\JOBS\FTRUCKKR.TM by ENGINEERING RESOURCE GROUP, INC. Page #2« 

Schedule Name: HISC10 

Project: LYSTER ARMY COKHUNITY HOSPITAL 

Location: FORT RUCKER, ALABAMA 

Client: U.S. ARMY CORPS OF ENGINEERS 

Program User: ENGINEERING RESOURCE GROUP 

Comments: MISC. EQUIPMENT SCHEDULE ZONES 

Starting Month: JAN   Ending Month: HTG 

Starting Day Type: DSGN   Ending Day Type: WKDY 

Eour  Util Percent 

0 20 

6 40 

7 80 

16 SO 

18 20 

24 

Starting Month: JAN   Ending Month: HTG 

Starting Day Type: SAT  Ending Day Type: SAT 

Hour Util Percent 

0 25 

8 50 

13 25 

24 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: SOS      Ending Day Type: SUN 

Hour Util Percent 

0       25 

24 
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TRACE «00 input file C:\JOBS\FTROCXER.TM by ENGINEERING RESOURCE GROUP, INC. page #27 

Schedule Name: MISC15 

Project: LYSTER ARMY COMMUNITY HOSPITAL 

Location: FORT RUCKER, ALABAMA 

Client: U.S. ARMY CORPS OF ENGINEERS 

Program User: ENGINEERING RESOURCE GROUP 

Comments: MISC. EQUIPMENT SCHEDULE ZONES 

Starting Month: JAN   Ending Month: HTG 

Starting Day Type: DSGN  Ending Day Type: SUN 

Hour Util Percent 

0       25 

7       50 

24 
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TRACE 600 input file Cl\JOBS\FTRDCXER.TM by ENGINEERING RESOURCE GROUP, INC. *9° 

Schedule Name: HISC26 

Project: LYSTER ARMY COMMUNITY HOSPITAL 

location: FORT RUCKER, ALABAMA 

Client: U.S.- ARMY CORPS OF ENGINEERS 

Program User: ENGINEERING RESOURCE GROUP 

Comments: MISC. EQUIPMENT SCHEDULE ZONES 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: DSGN   Ending Day Type: WKDY 

Hour Util Percent 

0 10 

6 50 

7 100 

18 50 

19 10 

24 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: SAT  Ending Day Type: SUN 

Hour Util Percent 

0      25 

7       50 

24 
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TRACE 600 input file C:\JOBS\FTRUCXER.TM by ENGINEERING RESOURCE GROUP, INC. P*9<= *29 

Schedule Name: MISC57 

Project: LYSTER ARMY COMMUNITY HOSPITAL 

Location: PORT RUCKER, ALABAMA 

Client: U.S. ARMY CORPS OF ENGINEERS 

Program User: ENGINEERING RESOURCE GROUP 

Comments: MISC. EQUIPMENT SCHEDULE ZONES 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: DSGN  Ending Day Type: HKDY 

Hour Util Percent 

0 25 

7 50 

8 75 

18 50 

19 2S 

24 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: SAT  Ending Day Type: SAT 

Hour Util Percent 

0 25 

8 SO 

13 25 

24 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: SUN  Ending Day Type: SUN 

Hour Util Percent 

0      25 

24 
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TRACE 600 input file C:\JOBS\FTROCKER.TM by ENGINEERING RESOURCE GROUP, INC. Pago #30 

Schedule Name: OFF 

Project: ALWAYS OFF 

Location: 

Client: 

Program User: 

Comments: 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: DSGN  Ending Day Type: SUN 

Hour  Util Percent 

0        0 

24 
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TRACE 600 input file C« \JOBS\FTRUCKER.TH by ENGINEERING RESOURCE GROUP, INC. P»9« #31 

Schedule Name: PEOP10 

Project: LYSTER ARMY COMMUNITY EOSPITAL 

Location: FORT RUCKER, ALABAMA 

Client: U.S. ARMY CORPS OF ENGINEERS 

Program User: ENGINEERING RESOURCE GROUP 

Comments: PEOPLE SCHEDULE ZONES 1-10 

Starting Month: JAN   Ending Month: HTG 

Starting Day Type: DSGK  Ending Day Type: WKDY 

Hour Util Percent 

0 10 

5 50 

e 80 

7 100 

15 60 

16 20 

17 10 

24 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: SAT  Ending Day Type: SUN 

Eonr Util Percent 

0 10 

8 50 

13 10 

24 
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TRACE 600 input file C:\JOBS\FTRUCKER.TM by ENGINEERING RESOURCE GROUP, INC. Pa9e *32 

Schedule Name: PEOP15 

Project: LYSTER ARMY COMMUNITY HOSPITAL 

Location: PORT RUCKER, ALABAMA 

Client: U.S. ARMY CORPS OF ENGINEERS 

Program User: ENGINEERING RESOURCE GROUP 

Comments: PEOPLE SCHEDULE ZONES H-15 

Starting Month: JAN   Ending Month: HTG 

Starting Day Type: DSGN   Ending Day Type: SUN 

Hour Util Percent 

0 25 

5 40 

6 50 

7 100 

15 80 

16 50 

17 25 

24 
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TRACE 600 input file C:\JOBS\FTRUCKER.TM by ENGINEERING RESOURCE GROUP. INC. 

Schedule Name: PEOP26 

Project: LYSTER ARHY COMMUNITY HOSPITAL 

Location: FORT RUCKER, ALABAMA 

Client: U.S. ARMY CORPS OF ENGINEERS 

Program Uuer: ENGINEERING RESOURCE GROUP 

Comments: PEOPLE SCHEDULE ZONES 16-26 

Starting Month: JAN   Ending Month: HTG 

Starting Day Type: DSGN  Ending Day Type: WKDY 

Hour Util Percent 

Page #3J 

0 10 

6 50 

7 100 

18 50 

19 10 

24 

Starting Months JAN  Ending Month: HTG 

Starting Day Types SAT  Ending Day Types SUN 

Hour Util Percent 

0       10 

7       25 

24 
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TRACE «00 input file C:\JOBS\PTRDCKER.TH by ENGINEERING RESOURCE GROUP, INC. Pa9e *34 

Schedule Name: PE0P57 

Project: LYSTER ARMY COMMUNITY HOSPITAL 

Location: FORT RUCKER, ALABAMA 

Client: U.S. ARMY CORPS OP ENGINEERS 

Program User: ENGINEERING RESOURCE GROUP 

Comments: PEOPLE SCHEDULE ZONES 27-S7 

Starting Month: JAN   Ending Month: HTG 

Starting Day Type: DSGN  Ending Day Type: WKDY 

Hour  Util Percent 

0 0 

s 20 

6 40 

7 90 

8 100 

16 90 

17 80 

18 20 

19 0 

24 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: SAT  Ending Day Type: SAT 

Eour Util Percent 

0 0 

8 50 

13 0 

24 

Starting Month: JAN  Ending Month: HTG 

Starting Day Type: SUN  Ending Day Type: SUN 

Hour Util Percent 

0 

24 
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TRACE 600 input file Ct\JOBS\FTRUCKER.TM by ENGINEERING RESOURCE GROUP, INC. P*9e *3S 

Schedule Name: THERM72 

Project: LYSTER ARMY COHHUNITY HOSPITAL 

Location: FORT RUCKER, ALABAHA 

Client: U.S. ARMY CORPS OF ENGINEERS 

Program User: ENGINEERING RESOURCE GROUP 

Comments: THERMOSTAT SCHEDULE FOR 72 DEG 

Starting Month: JAN  Ending Month: DEC 

Starting Day Type: DSGN  Ending Day Type: SUN 

Hour Temperature 

0      72 

24 
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Trane Air Conditioning Economic« 

By: ENGINEERING RESOURCE GROUP, INC. 

V   600 

PAGE 

TRACE 6   0   0 ANALYSIS 

by 

LYSTER ARMY COMMUNITY HOSPITAL 

FORT RUCKER, ALABAMA 

U.S. ARMY CORPS OF ENGINEERS 

ENGINEERING RESOURCE GROUP, INC. 

LIMITED ENERGY STUDIES 

Weather File Code: 

Location: 

Latitude: 

Longitude: 

Time Zone: 

Elevation: 

Barometric Pressure: 

Summer Clearness Number: 

Winter Clearness Number: 

Summer Design Dry Bulb: 

Summer Design Wet BulJb: 

Winter Design Dry Bulb: 

Summer Ground Relectance: 

Winter Ground Relectance: 

Air Density: 

Air Specific Heat: 

Density-Specific Heat Prod: 

Latent Heat Factor: 

Enthalpy Factor: 

MOBILE .W 

FT RUCKER 

30.0 (deg) 

86.0 (deg) 

6 

211 (ft) 

29.7 (in. Hg) 

0.90 

0.90 

94 <F> 

80 (F) 

24 (F) 

0.20 

0.20 

0.0754 (Lbm/cuft) 

0.2444 (Btu/lbm/F) 

1.1064 (Btu-min./hr/cuft/ 

4,870.3 (Btu-min./hr/cuft) 

4.5263 (Lh—min./hr/cuft) 

Design Simulation Period: June To November 

System Simulation Period: January To December 

Cooling Load Methodology:     TETD/Time Averaging 

Time/Date Program was Run: 

Dataset Name: 

17:27: 1   2/16/93 

FTROCKER .TM 
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Trane Air Conditioning Economic» 

By I ENGINEERING RESOURCE CROUP, INC. 

V 600 

PAGE 

I AIRFLOW - ALTERNATIVE 1 

BASELINE MODEL 

SYSTEM        SUMMARY 

(Design Airflow Quantities) 

. Auxil. 

Supply 

Room 

Outside Cooling Heating Return Exhaust Exhaust 

System Syat em Airflow Airflow Airflow Airflow Airflow Airflow Airflow 

Number Type (Cfm) (Cfm) (Cfm) (Cfm) (Cfm) (Cfm) (Cfm) 

1 BPMZ 11,458 11,458 11,458 11,479 11,479 . • 0 0 

2 TRH 9,133 9,133 9,133 9,173 9,173 12,044 0 

3 DD 5,124 17,092 17,092 17,112 5,144 0 0 

4 4,364 15,507 15,507 19,900 4,364 0 0 

S MZ 3,729 39,850 39,850 39,940 3,819 0 0 

6 MZ 6,810 9,026 9,026 9,031 6,815 0 0 

7 HZ 10,188 40,833 40,833 40,912 10,267 0 0 

8 HZ 3,808 20,562 20,562 20,598 3,844 0 0 

Totals 54,614 163,461 163,461 168,146 54,906 12,044 0 

CAPACITY - ALTERNATIVE 1 

BASELINE MODEL 

  Cooling 

Main Sys. Anx. Sys. Opt. Vent Cooling Main Sys. Anx. Sys. Preheat Reheat Humidif . Opt. 'V«nt Beating 

System Syst em Capacity Capacity Capacity Totals Capacity Capacity Capacity Capacity Capacity Capacity Totals 

■amber Type (Tons) (Tons) (Tons) (Tons) (Btnh) (Btuh) (Btuh) (Btuh) (Btuh) (Btnh) (Btnh) 

1 BPMZ 105.4 0.0 0.0 105.4 -455,108 0 -304,596 0 -342,079 0 -1,101,784 

2 TRH 72.1 10.9 0.0 83.0 -303,142 -184,290 -302,407 -132,976 0 0 -789,839 

3 DD 57.2 0.0 0.0 57.2 -710,118 0 0 0 0 0 -710,118 

4 46 9       0. 0       0. 0 46.9 -630,718 0 0 0 0 0    -630, 718 

5 MZ 105.3 0.0 0.0 105.3 -723,917 0 0 0 0 0 -723,917 

6 MZ 53.7 0.0 0.0 53.7 -279,618 0 -213,667 0 0 0 -493,285 

7 MZ 148.7 0.0 0.0 148.7 -959,030 0 0 0 0 0 -959,030 

8 MZ 55.9 0.0 0.0 55.9 -416,548 0 0 0 0 0 -416,548 

Totals 645.1 10.9 

Irtii 

0.0 656.0 -4,478,199 

16 month 

-184,290 

8 with a ca 

-820,669 

pacity of 

-132,976 

642.6 tons 

-342,079 0 -5,825,238 
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ENGINEERING CHECKS - ALTERNATIVE 1 

BASELINE HOOEL 

ENGINEERING CHECKS 

System 

Percent ±rng  ny  - 

Main/ System Outside Cfm/ Cfm/ Sq Ft Btuh/ Cfm/ Btuh/ Floor Area 

Auxiliary Type Air Sq Ft Ton /Ton Sq Ft Sq Ft Sq Ft Sq Ft 

Main BPMZ 100.00 1.52 108.7 71.5 167.86 1.52 -146.24 7.S34 

Main TRH 100.00 0.52 126.7 244.1 49.15 „ 0.52 -34.42 17,592 

Auxiliary TRH 0.00 0.68 1,102.7 1,610.6 7.45. - 0.41 -10.48 17,592 

Main DO 29.98 0.56 298.7 536.0 22.39 0.56 -23.16 30,667 

Main 28.14 0.77 330.9 432. 3    27.76 0.77 -31.14 20 255 

Main MZ 9.36 0.95 378.5 397.0 30.23 0.95 -17.32 41,794 

Main MZ 75.45 1.12 168.2 149.8 80.09 1.12 -61.36 8,039 

Main MZ 24.95 0.91 274.6 300.2 39.97 0.91 -21.48 44,640 

Main MZ 18.52 0.76 367.6 482.1 24.89 0.76 -15.45 26,965 
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}System Block BPHZ -  BYPASS MULTIZOKE 

Peaked at Time ==> 

Outside Air *==> 

• COOLING COIL PEAK «**••*• 

Mo/Hr:  8/16 

OADB/WB/HR:  95/ 81/138.0 

CLG SPACE PEAK 

Mo/Hr:  6/14 

OADB:  95 

HEATING COIL PEAK 

Ko/=r: 13/ 1 

OAD3:  24 

Space Ret. Air Ret. Air Net Percnt ♦ Space Percnt # Space Peak Coil Peak Percnt 

Sens.+Lat. Sensible Latent Total Of Tot * Sensible Of Tot * Space Sens Tot Sens Of Tot 

Envelope Loads (Btuh) (Btuh) (Btuh) (Btuh) (*) * (Btuh) (%) * (Btuh) (Btuh) (*) 

Skylite Solr 0 0 0 0.00 * 0 0.00 * 0 0 0.00 

Skylite Cond 0 0 0 0.00 * •0 0.00 * 0 0 0.00 

Roof Cond 84,542 0 84,542 6.68 * 99, 024 35.67 * -48,367 -48,367 6.37 

Glass Solar 0 0 0 0.00 * ' 0 0.00 * 0 0 0.00 

Glass Cond 0 0 0 0.00 * 0 0.00 * 0 0 0.00 

Wall Cond 12,073 0 12,073 0.95 * 10, 566 3.81 * -21,684 -21,684 2.85 

Partition 0 0 0.00 * 0 0.00 * 0 0 0.00 

Exposed Floor 0 0 0.00 * 0 0.00 * 0 0 0.00 

Infiltration 1,833 1,833 0.14 * 534 0.19 * -1,126 -1,126 0.15 

Sob Total—> 98,447 0 98,447 7.78 * 110, 124 39.67 * -71,177 -71,177 9.37 

Internal Loads * * 

Lights 53,239 0 53,239 4.21 * 59, 806 21.54 * 11,759 11,759 -1.55 

People 7,652 7,652 0.61 • 17, 331 6.24 * 1,711 1,711 -0.23 

Miac 3,767 0 0 3,767 0.30 * «. 024 2.17 * 1,504 1,504 -0.20 

Sob Total==> 64,658 0 0 64,658 5.11 * 83, 161 29.95 * 14,973 14,973 -1.97 

Ceiling Load 0 0 0 0.00 * 0 0.00 * 0 0 0.00 

kOutside Air 0 0 0 990,960 78.36 * 0 0.00 * 0 -608,501 80.10 

' Sop. Fan Heat 26,277 2.08 * 0.00 * 26,277 -3.46 

Ret. Fan Heat 6,111 6,111 0.48 * 0.00 * 0 0.00 

Doct Heat Pkup 0 0 0.00 * 0.00 * 0 0.00 

OV/UNDR Sizing 84,343 84,343 6.67 * 84, 343 30.38 * -121,276 -121,276 15.96 

Exhaust Heat -6,111 0 -6,111 -0.48 * 0.00 * 0 0.00 

Terminal Bypass 0 0 0 -0.00 * 0.00 

* 
0 0.00 

Grand Total==> 247,449 0 0 1,264,686 100.00 4- 277, 629 100.00 * -177,480 -7S9,704 

—AREAS  

100.00 

Total Capacity Sens Cap.  Coil Airfl    Entering DB/HB/HR Leaving DB/WB/HR GrosE Total Glass (s f)  (») 

(Tons) (Mbh) (Mbh) (cfm) Deg F Deg F Grains Deg F Deg F Grains Floor     7 ,534 

Main Clg   105.4 1,264.7 558.5 11. 458 94.9   80 .7   138 .0 48.0 46 .9 46.3 Part 0 

Anx Clg     0.0 0.0 0.0 0 0.0   0 .0    0 .0 0.0 0 .0 0.0 ExFlr 0 

Opt Vent      0.0 0.0 0.0 0 0.0   0 .0    0 .0 0.0 0 .0 0.0 Roof       7 ,534 0    0 

Totals      105.4 1,264.7 Wall       2 .US 0    0 

ITEATTHC COIL SEI 

Coil A 

DSWTWMT fm) —ENGINEERING CHECKS— —TSJtPERATURES (F)  

Capacity irfl Ent Lvg Type Cooling Beating Clg % OA 100.0 Type    Cle Htg 

(Mbh) (cfm) Deg F Deg F Vent 11,458 11,458 Clg Cfm/Sgft 1.52 SAD3      50. 1   86.0 

Main Htg     -455. 1 11. 458 50.1 86 0 Infil 21 21 Clg Cfm/Ton 108.72 pleanm    72. 0   72.0 

Anx  Htg        0. 0 0 0.0 0 0 Supply 11,458 11,458 Clg Sqft/Tc n 71.49 Return    72. 5   72.0 

Preheat      -304 6 11. 458 24.0 48 0 Hincfm 11,301 11,301 Clg Btuh/Sqft 167.86 Rez/OA    94 9   24.0 

Reheat         0 0 0 0.0 0 .0 Return 11,458 11,458 No. People 53 Rnnarnd  72 0   72.0 

Buaidif      -342 1 11. 479 10.0 52 .8 Exhaust 11,458 11,458 Htg t OA 100.0 Fn 1KT1D   0 4    0.0 

bpt Vent        0 0 0 0.0 0 .0 Rm Exh 0 0 Htg Cfm/SqFt 1.52 Fn BldTD   0 5    0.0 

Total      -1,101 8 Auxil 0 0 Htg Btuh/SqFt -100.84 Fn Frict   1 .6    0.0 
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System Peak -  TERMINAL REHEAT 

Peaked at Time = => Mo/Hr:  7/15 . Mo/Hr:  6/14 * Mo/Hr: 13/ 1 

Outside Air ==> OADB/WB/HR: 94/ 80/137. 2 * OADB:  95 * OADB:  24 

Space Ret. Air Ret. Air Net Percnt * Space Percnt . Space Peak Coil Peak Percnt 

Sens.+Lat. Sensible Latent Total Of Tot * Sensible Of Tot * Space Sens Tot Sens Of Tot 

Envelope Loads (Btuh) (Btuh) (Btuh) (Btuh) (*) * (Btuh) (%) * (Btuh) (Btuh) (%) 
Skylite Solr 0 0 0 0.00 * 0 0.00 * 0 0 0.00 

Skylite Cond 0 0 0 0.00 ♦ -.0 0.00 * 0 0 0.00 

Roof Cond 163,989 0 163, 989 18.97 • 170 945 105.73 * -84,442 -84,442 13.94 

Glass Solar 13,786 0 13, 786 1.59 * 17,234 10.66 * 0 0 0.00 

Glass Cond 9,473 0 9, 473 1.10 * 9 570 5.92 * -22,029 -22,029 3.64 

Hall Cond 22,196 0 22, 196 2.57 * 20, 748 12.83 * -41,084 -41,084 6.78 

Partition 0 0 0.00 * 0 0.00 * 0 0 0.00 

Exposed Floor 0 0 0.00 * 0 0.00 * 0 0 0.00 

Infiltration 2,999 2. 999 0.35 * 963 0.60 * -2,099 - -2,099 0.35 

Sub Total«=> 212,444 0 212, 444 24.57 * 219. 461 135.74 * -149,654 -149,654 24.71 

Internal Loads * * 

Lights 32,200 0 32, 200 3.7* ♦ «2. 613 26.36 * 10,653 10,653 -1.76 

People 32,823 32, 823 3.80 * 24, 224 14.98 * 6,056 6,056 -1.00 

Hisc 4,398 0 0 4, 398 0.51 * *. 398 2.72 * 2,199 2,199 -0.36 

Sub Total=> 69,421 0 0 69, 421 8.03 * 71, 235 44.06 * 18,908 18,908 -3.12 

Ceiling Load 0 0 0 0.00 « 0 0.00 * 0 0 0.00 

Outside Air 0 0 0 690, 883 79.90 * 0 0.00 * 0 -485,027 80.10 

f Sup. Fan Heat 20, 945 2.42 * 0.00 * 20,945 -3.46 

Ret. Fan Heat 11,203 11. 203 1.30 * 0.00 * 0 0.00 

Duct Heat Pkup 0 0 0.00 * 0.00 * 0 0.00 

OV/UKDR Sizing -129,020 -129, 020 -14.92 * -129, 020 -79.80 * -10,721 -10,721 1.77 

Exhaust Heat -11,203 0 -11, 203 -1.30 * 0.00 * 0 0.00 

Terminal Bypass 0 0 0 0.00 * 0.00 * 0 0.00 

Grand Total=> 152,845 0         0     864,673 100.00 * 161, 676 100.00 * -141,466 -605,549 100.00 

Total Capacity Sens Cap Coil Airfl Entering DB/WB/HR Leaving DB/WB/HR Gross Total Glass (6 f) (%) 
(Tons) (Hbh) (Hbh) (cfm) Deg F Deg F Grains Deg F Deg F Grains Floor     17, 592 

Main Clg 72.1 864.7 380.5 9 133 94.1 80 .5   137 .3 53.9 53.1 59.3 Part 0 

Aux Clg 10.9 131.1 131.1 7,258 72.0 60 .0    58 .9 55.8 53.7 58.6 ExFlr 0 

Opt Vent 0.0 0.0 0.0 0 0.0 0 .0     0 .0 0.0 0.0 0.0 Roof      17, 592 0    0 

Totals 83.0 995.7 Hall       3, S52 528   13 

——HEATTWG COIL SEL 

Coil A 

w^m-r/\M —AIRFLOWS (c fa)  WHfiTtraRBTNG CHECKS— —TEMPERATURES (F)  

Capacity irf 1  Sot Lvg Type Cooling Seating Clg t OA 100.0 Type    Clg Htg 

(Hbh (cfm) Deg F Deg F Vent 9,133 9,133 Clg Cfm/Sqft 0.52    SADB      56. 0 86.0 

Hain Htg -303 1 9, 133 53.9 83 9 Infil 40 40 Clg Cfm/Ton 126.75    Plenum    72. 0 72.0 

Aux  Htg -184 3 12, 044 72 0 85 8 Supply 9,133 9,133 Clg Sqft/Ton 244.14    Return    73. 1 72.0 

Preheat -302 4 9, 133 24 .0 53 9 Hincfm 7,512 7,S12 Clg Btuh/Sqft 49.15    Ret/OA    94. 1 24.0 

Reheat -133 0 7, 512 5C .0 72 0 Return 9,133 9,133 Ho. People 105    Rnnarad  72. 0 72.0 

Humidif 0 0 0 0 .0 0 0 Exhaust 9,133 9,133 Htg % OA 100.0    Fn KtrTD   0 4 0.0 

Opt Vent 0 0 0 0 .0 0 0 Rm Exh 0 0 Htg Cfm/SqFt 0.52    Fn BldTD   0.5 0.0 

total -789 8 Auxil 7,258 12,0-44 Htg Btuh/SqFt -34.42    Fn Frict   1 6 0.0 
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System 3 Block DD        -  DOU 

OOLING COIL PEAK ♦ 

Mo/Hr:  8/16 

BLE DUCT 

E P 

6/ 

G COIL PEAK « 

lo/Er: 13/ 1 
Peaked at Time == > . Mo/Hr: 15 * h 

Outside Air ==> OADB/HB/HR:  95/ 81/138. 3 * OADB: 95 * OADB:  24 

Space Ret. Air Ret. Air Net Percnt # Space Percnt ♦ Space Peak Coil Peak Percnt 

Sena.+Lat. Sensible Lat ent Total Of Tot * Sensible Of Tot * Space Sens Tot Sens Of Tot 

Envelope Loads (Btuh) (Btuh) (Btuh) (Btuh) (%) * (Btuh) .  (*) * (Btuh) (Btuh) (%) 

Skylit« Solr 0 0 0 0.00 * 0 0.00 * 0 0 0.00 

Skylit« Cond 0 0 0 0.00 * p 0.00 * 0 0 0.00 

Roof Cond 0 49,288 49,288 7.18 * -6 0.00 * 0 -26,289 3.53 

Glass Solar 13,261 0 13,261 1.93 * 14,090 6.21 * 0 0 0.00 

Glass Cond 2,194 0 2,194 0.32 * 2,167 0.96 * -4,937 -4,937 0.66 

Hall Cond 7,673 0 7,673 1.12 * 7,386 3.25 * -15,792 -15,792 2.12 

Partition 0 0 0.00 * 0 0.00 * 0 0 0.00 

Exposed Floor 0 0 0.00 * 0 0.00 * 0 0 0.00 

Infiltration 1,451 1,451 0.21 * 499 0.22 * -1,060 -1,060 0.14 

Sofa Total-=> 24,579 49,288 73,867 10.76 * 24,142 10.64 * -21,789 -48,079 6.46 

Internal Loads 
* * 

Lights 140,446 7,392 147,837 21.53 * 140,446 61.89 * 35,111 36,959 -4.96 

People 70,383 70,383 10.25 * 33,725 14.86 * 3,372 3,372 -0.45 

Misc 15,514 0 0 15,514 2.26 * 13,510 5.95 * 1,351 1,351 -0.18 

Sob Total==> 226,342 7,392 0 233,734 34.04 * 187,680 82.71 * 39,835 41,683 -5.60 

Ceiling Load 54,385 -54,385 0 0.00 * 63,204 27.85 * -26,640 0 0.00 

»Oatside Air 0 0 0 372,366 54.24 * 0 0.00 * 0 -272,121 36.54 

'Sup. Fan Beat 54,694 7.97 * 0.00 * 54,694 -7.34 

Ret. Fan Beat 0 0 0.00 * 0.00 * 0 0.00 

Dact Beat Pkup 0 0 0.00 * 0.00 * 0 0.00 

OV/UJUÄ Sizing -48,099 -48,099 -7.01 * -48,099 -21.20 * -520,901 -520,901 69.95 

Exhaust Heat 0 0 0 0.00 * 0.00 * 0 0.00 

Tnminal Bypass 0 0 0 -0.00 * : '•'..- 0.00 * 
* 

0. 0.00 

Grand Total==> 257,207 2,294 0 686,561 100.00 * 226,927 100.00 * -529,495 -744,723 

—AREAS  

100.00 

Total Capacity 

 COOLING COXii SJSUX.-J:XUH —  

Sens Cap.  Coil Airfl    Entering DB/WB/HR Leaving DB/WB/HR Gross Total Glass (sf) (*) 

(Tons) (Hbh) (Hbh) (cfm) Deg F Deg F Grains Deg F Deg F Grains Floor    30 ,667 

Main Clg 57.2 686.6 404.4 17. 092 78.9   68 .8    90 .4 57.1   56 .4 67.7 Part 0 

Anx Clg 0.0 0.0 0.0 0 0.0   0 .0     0 .0 0.0    0 .0 0.0 ExFlr 0 

Opt Vent 0.0 0.0 o.o 0 0.0   0 .0     0 .0 0.0    0 .0 0.0 Roof      12 ,589 0    0 

Wall       1 ,S96 118    6 
Totals 57.2 686.6 

——HEATI1 IG 

-y 

COIL SEI 

Coil t 

■ECTION———  AIRFLOWS (c 

Type    Cooling 

fm) 

Beating 

—ENGINEERING 

Clg % OA 

CHECKS— 

30.0 

 TEMPERATURES 

Type   Clg 

(F>  

Capacit lirfl  Ent Lvg 
Htg 

(Hbh] (cfm)    Deg F Deg F Vent 5,124 5,124 Clg Cfm/Sqft 0.56 SADB     60. 0 100.0 

Main Etg -710 1 17, 092    62.4 100 0 Infil 20 20 Clg Cfm/Ton 298.74 Plenxnm   77. 6 69.4 

Anx  Etg 0 0 0     0.0 0 0 Supply 17,092 17,092 Clg Sqft/Ton 536.01 Retarn   72 0 72.0 

Preheat -0 0 17, 092    57.6 57 .1 Kincfm 0 0 Clg Btuh/Sqft 22.39 Ret/OA   78 .9 57.6 

Reheat 0 0 0     0.0 0 .0 Return 17,092 17,092 Ho. People 116 Rnaarad  72 .0 72.0 

Eumidif 0 0 0     0.0 0 .0 Exhaust 5,124 5,124 Btg X   OA 30.0 Fn KtrTD   1 .0 0.0 

fept Vent 0 0 0     0.0 0 .0 Rm Exh 0 0 Htg Cfm/SqFt 0.56 Fn BldTD   0 .7 o.o 

5otal -710 1 Auxil 0 0 Htg Btuh/SqFt -23.16 Fn Frict  2 .2 0.0 
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System Block 

Peaked at Time == > Mo/Er:  8/16 * Ho/Hr:  6/14 # Ho/Er: 13/ 1 

Outside Air ==> OADB/HB/ER:  95/ 81/138.0 
* OADB: 95 * 

* 
OAD3:  24 

Space Ret. Air Ret. Air Net Percnt * Space Percnt * Space Peak Coil Peak Percnt 

Sens.+Lat. Sensible Latent Total Of Tot * Sensible Of Tot * Space Sens Tot Sens Of Tot 

Envelope Loads 

Skylite Solr 

Skylite Cond 

Roof Cond 

(Btuh) 

0 

0 

0 

(Btuh) 

0 

0 

34,673 

(Btuh) (Btuh) 

0 

0 

34,673 

(%) 
0.00 

0.00 

6.17 

* 
* 
* 

(Btuh) 

0 

0 

•o 

(*) 
0.00 

0.00 

0.00 

* 
* 
* 

(Btuh) 

0 

0 

0 

(Btuh) 

0 

0 

-18,888 

(*) 
0.00 

0.00 

2.80 

Glass Solar 7,686 0 7,686 1.37 * 40, 6132 19.72 * 0 0 0.00 

Glass Cond 8,936 0 8,936 1.59 * 3, 515 1.71 * -20, 008 -20,008 2.97 

Wall Cond 17,884 0 17,884 3.18 * 12, 354 6.00 * -23, 938 -23,938 3.55 

Partition 0 0 0.00 * 0 0.00 + 0 0 0.00 

Exposed Floor 

Infiltration 

0 

2,068 

0 

2,068 

0.00 

0.37 

* 
* 

0 

491 

0.00 

0.24 

* 
* -1, 

0 

547 

0 

-1,547 

0.00 

0.23 

Sub Total=> 36,574 34,673 71,247 12.67 * 56, 961 27.67 * -45, 492 -64,381 9.55 

Internal loads 
* * 

Lights 108,360 5,703 114,063 20.29 * 108, 360 52.63 * 13, 954 14,688 -2.18 

People 

Misc 

68,108 

3,180 0 0 

68,108 

3,180 

12.11 

0.57 

* 
* 

33, 

3, 

264 

180 

16.16 

1.S4 

* 
* 

341 

924 

341 

924 

-0.05 

-0.14 

Sob Total«»> 179,648 5,703 0 185,351 32.96 * 144, 803 70.33 * is. 218 15,953 -2.37 

Ceiling Load 

Outside Air 

46,850 

0 

-46,850 

0 0 

0 

309,926 

0.00 

55.12 

* 
* 

44, 740 

0 

21.73 

0.00 

* 
* 

-19, 610 

0 

0 

-231,759 

0.00 

34.37 

Sup. Fan Beat 

Ret. Fan Heat 

Duct Heat Pkup 

0 

0 

36,390 

0 

0 

6.47 

0.00 

0.00 

* 
* 

0.00 

0.00 

0.00 

* 
* 
* 

36,390 

0 

0 

-5.40 

0.00 

0.00 

OV/UNDR Sizing 

Exhaust Heat 

Terminal Bypass 

-40,621 

0 

0 

0 

0 

-40,621 

0 

0 

-7.22 

0.00 

-0.00 

* 
* 

-40, 621 -19.73 

0.00 

0.00 

* 
* 
* 
* 

-430, 510 -430,510 

0 

0 

63.84 

0.00 

0.00 

Grand Total*=> 222,450 -€,474 0 562,292 100.00 * 205, 883 100.00 * -480, 394 -674,307 

—AREAS  

100.00 

Total Capacity 

 COOLING COXX. MiliWJim ——  

Sens Cap.  Coil Airfl    Entering DB/WB/HR Leaving DB/WB/HR Gross Total Glass (s f) <*> 

(Tons) (Mbh) (Hbh) (cfm) Deg F Deg F Grains Deg F Deg F Grains Floor 20 ,255 

Main Clg     46.9 562.3 323.6 15,507 79.0  68 .9    90 .8 58.4 57 .9 71.7 Part 0 

Anx Clg      0.0 0.0 0.0 0 0.0   0 .0    0 .0 0.0 0 .0 0.0 ExFlr 0 

Opt Vent      0.0 0.0 0.0 0 0.0   0 .0     0 .0 0.0 0 .0 0.0 Roof 9 ,053 0    0 

Wall 2 ,912 480   lb 
Totals       46.9 562.3 

iremnTi IG 

y 

COLL SEI 

Coil J 

.ECTTQH 

Type    Cooling 

fm) 

Heating 

—EHGINEERING 

Clg t OA 

CHECKS— 

28.1 

 TEMPERATURES 

Type   Clg 

(F)  

Capacit Lirfl  Bnt Lvg 
Htg 

(Mbh) (cfm)    Deg F Deg F Vent 4,364 4,364 Clg Cfm/Sqft 0.77 SADB      60. 0 100.0 

Main Htg     -630. 7 15, 507    63.2 100.0 Infil 29 29 Clg Cfm/Ton 330.94 Plenum   79 3 68.1 

Aux  Htg        0 0 0     0.0 0.0 Supply 15,507 15,507 Clg Sqft/Ton 432.27 Return    72 0 72.C 

Preheat       -0 0 15, 507    72.0 57.9 Kincfm 0 0 Clg Btuh/Sqft 27.76 Ret/OA   7B .4 58.! 

Reheat         0 0 0    0.0 0.0 Return 15,507 15,507 No. People 96 Rnnarnd  72 .0 72.( 

Humidif         0 0 0     0.0 0.0 Exhaust 4,364 4,364 Htg % OA 28.1 Pn MtrTD   0 .7 o.c 

Opt Vent        0 0 0     0.0 0.0 Rm Exh 0 0 Htg Cfm/SqFt 0.77 Fn BldTD   0 .5 o.( 

Total        -630 7 Auxil 0 0 Htg Btuh/SqFt -31.14 Fn Frict   1 .6 0.( 
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System Block -  MULTIZONE 

Peaked at Time 

Outside Air ==> 

Envelope Loads 

Skylite Solr 

Skylite Cond 

Roof Cond 

Glass Solax 

Glass Cond 

Wall Cond 

Partition 

Exposed Floor 

Infiltration 

Sub Total->> 

Internal Loads 

Lights 

People 

Kisc 

Sob Total»> 

Ceiling Load 

Outside Air 

Sap. Fan Heat 

Ret. Fan Heat 

Duct Heat Pknp 

OV/UNDR sizing 

Exhaust Heat 

Terminal Bypass 

Grand Total«=> 

* COOLING COIL PEAK ♦»••*»• 

Ho/Hr:  8/16 

OADB/HB/HR:  95/ 81/138.0 

Space 

Sens.+Lat. 

(Btuh) 

0 

0 

0 

37,600 

10,027 

35,237 

0 

0 

7,298 

90,162 

188,299 

124,644 

4,081 

317,023 

256,440 

0 

181,877 

845,502 

Ret. Air Ret. Air 

Sensible   Latent 

(Btuh) 

0 

0 

245,971 

0 

0 

0 

245,971 

9,910 

0 

9,910 

-256,440 

0 

27,629 

0 

-2,585 

0 

24,485 

(Btuh) 

Net Percnt 

Total Of Tot 

(Btuh)     (%) 

0 0.00 

0 0.00 

245,971 19.47 

37,600 2.98 

10,027 0.79 

35,237 2.79 

0 0.00 

0 0.00 

7,298 0.58 

336,132 26.61 

198,209 15.69 

124,644 9.87 

0 4,081 0.32 

0 326,934 25.88 

0 0.00 

0 302,002 23.90 

91,389 7.23 

27,629 2.19 

0 0.00 

181,877 14.40 

0 -2,585 -0.20 

0 0 -0.00 

1,263,378  100.00  * 

Mo/Hr:  6/17 * Mo/Hr: 13/1 

OADB: 93 * OADB:  24 

Space Percnt * Space Peak Coil Peak Percnt 

Sensible Of Tot * Space Sens Tot Sens Of Tot 

(Btuh) (%) * (Btuh) (Btuh) <*> 
0 0.00 * 0 0 0.00 

0 0.00 * 0 0 0.00 

ts 0.00 * 0 -204,533 28.25 

51,587 6.51 * 0 0 0.00 

9,408 1.19 * -21,800 -21,800 3.01 

35,388 4.46 * -57,549 -57,549 7.95 

0 0.00 * 0 0 0.00 

0 0.00 * 0 0 0.00 

2,156 0.27 * -4,786 -4,786 0.66 

98,538 12.43 * -84,134 -288,667 39.88 

188,299 23.75 * 18,015 18,963 -2.62 

53,626 6.76 * 0 0 0.00 

4,081 0.51 * 1,369 1,369 -0.19 

246,006 31.03 * 19,383 20,331 -2.81 

266,480 33.61 * -203,589 0 0.00 

0 0.00 * 0 -198,036 27.36 

0.00 * 91,389 -12.62 

0.00 * 0 0.00 

0.00 * 0 0.00 

181,877 22.94 * -348,919 -348,919 48.20 

..--. 0.00 * 0 0.00 

0.00 * 0 0.00 

792,901 100.00 * -617,260 -723,902 100.00 

-COOLING COIL SELECTION- 

Maia Clg 

Anx Clg 

Opt Vent 

Totals 

Total Capacity 

(Tons)    (Kbh) 

105.3 

0.0 

0.0 

105.3 

1,263.4 

0.0 

0.0 

1,263.4 

Sens Cap. 

(Mbh) 

983.7 

0.0 

0.0 

Coil Airfl 

(cfm) 

39,850 

0 

0 

Entering DB/WB/HR 

Deg F Deg F Grains 

74.7  62.4    65.5 

0.0   0.0     0.0 

0.0    0.0     0.0 

Leaving DB/WB/HR 

Deg F Deg F Grains 

51.9   51.0    54.5 

0.0    0.0     0.0 

0.0    0.0     0.0 

-AREAS ■  

Gross Total    Glass (sf)  (*) 

Floor 

Part 

ExFlr 

Roof 

Hall 

41,794 

0 

0 

41,794 

9,011 

0 

1,018 

0 

11 

# 

 HEATING COIL SELECTION  

Capacity  Coil Airfl  Ent 

(Mbh) 

Main Htg    -723.9 

Anx  Htg        0.0 

Preheat        -0.0 

Reheat 0.0 

Bumidif 0 . 0 

Vent        0.0 

al        -723.9 

Lvg 

(cfm) Deg F Deg F Vent 3,729 

39,850 69.6 86.0 Infil 90 

0 0.0 0.0 Supply 39,850 

39,850 67.5 51.9 Hincfm 0 

0 0.0 0.0 Return 39,850 

0 0.0 0.0 Exhaust 3,729 

0 0.0 0.0 Rm Exh 

Auxil 

0 

0 

 • AIRFLOWS (cfm)  

Type    Cooling   Heating 

3,729 

90 

39,850 

0 

39,850 

3,725 

0 

0 

-ENGINEERING CHECKS— -TEMPERATURES (F)- 

Clg t OA 

Clg Cfm/Sqft 

Clg Cfm/Ton 

Clg Sqft/Ton 

Clg Btuh/Sqft 

Ho. People 

Htg t OA 

Htg Cfm/SqFt 

Htg Btuh/SqFt 

9.4 

0.95 

378.51 

396.97 

30.23 

187 

9.4 

0.95 

-17.32 

Type 

SADB 

Plenum 

Return 

Ret/OA 

Runarnd 

Fn MtrTD 

Fn BldTO 

Fn Frict 

Clg   Htg 

54.0 

91.4 

72.6 

74.7 

72.0 

0.4 

0.5 

1.6 

86.0 

56.6 

72.0 

67.5 

72.0 

0.0 

0.0 

0.0 
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«System      6 Block HZ -  HULTIZONE 

Peaked at Time = ->           Ho/Hr:  8/16 . Ho/Hr: S/17 . Ho/Hr: 13/ 1 

Outside Air ==> OADB/HB/HR:  95/ 81/138.0 * OADB: »3 * OADB:  24 

Space Ret. Air Ret. Air Net Percnt . Space Percnt * Space Peak Coil Peak Percnt 

Sens.+Lat. Sensible Latent Total Of Tot * Sensible Of Tot * Space Sens Tot Sens Of Tot 

Envelope Loads (Btuh) (Btuh) (Btuh) (Btuh) (%) * (Btuh) (*) * (Btuh) (Btuh) (*) 
Skylite Solr 0 0 0 0.00 • 0 0.00 * 0 0 0.00 

Skylite Cond 0 0 0 0.00 * 0 0.00 * 0 0 0.00 

Roof Cond 0 47,355 47,355 7.36 * . Ö 0.00 * 0 -39,344 7.98 

Glas8 Solar 0 0 0 O.OO * 0 0.00 * 0 0 0.00 

Glass Cond 0 0 0 0.00 * 0 0.00 * 0 0 0.00 

Wall Cond 2,860 0 2,860 0.44 * 2,705 1.93 * -3,557 -3,557 0.72 

Partition 0 0 0.00 * 0 0.00 * 0 0 0.00 

Exposed Floor 0 0 0.00 * 0 0.00 * •0 0 0.00 

Infiltration 350 350 0.05 * 117 0.08 * -262 -262 0.05 

Sub Total»«> ,  3,210 47,355 50,565 7.85 * 2,822 2.02 * -3,819 -43,163 8.75 

Internal Loads * * 

Lights 35,709 1,879 37,589 5.84 * 35,709 25.54 * 3,571 3,759 -0.76 

People 28,078 28,078 4.36 * 10,955 7.84 * 0 0 0.00 

Misc 1,206 0 0 1,206 0.19 * 1,206 0.86 * 402 402 -0.08 

Sub Total=> 64,993 1,879 0 £6,873 10.39 * 47,870 34.24 * 3,973 4,161 -0.84 

Ceiling Load 49,235 -49,235 0 0.00 * 53,900 38.55 * -39,156 0 0.00 

hOutside Air 0 0 0 482,410 74.93 * 0 0.00 * 0 -361,659 73.32 

«up. Fan Heat 8,184 1.27 * 0.00 * 8,184 -1.66 

Ret. Fan Heat 2,407 2,407 0.37 * 0.00 * 0 0.00 

Duct Heat Pkup 0 0 0.00 * 0.00 * 0 0.00 

OV/UHDR Sizing 35,217 35,217 5.47 * 35,217 25.19 * -100,806 -100,806 20.44 

Exhaust Heat -lA81fi 0 -1,816 -0.28 *' -- 0.00 * 0 0.00 

Terminal Bypass 0 0 0 -0.00 - * 0.00 * 0 0.00 

Grand Total=*=> 152,656 591        0     643,840 100.00 * 139,809 100.00 * -139,809 -493,285 

—AREAS  

100.00 

Total Capacity Sens Cap. Coil Airfl Entering DB/WB/HR Leaving DB/WB/HR Gross Total Glass (s f)  (*) 

(Tons) (Hbh) (Hbh) (cfm) Deg F Deg F Grains Deg F  Deg F Grains Floor     8, 039 

Main Clg     53.7 643.8 318.0 9,026 89.3   77 .0  122 .0 57.2   56. 6 68.1 Part 0 

Aux Clg      0.0 0.0 0.0 0 0.0    0 .0    0 .0 0.0    0. 0 0.0 ExFlr 0 

Opt Vent      0.0 0.0 0.0 0 0.0    0 .0     0 .0 0.0    0. 0 0.0 Roof      8, 039 0    0 

Totals       53.7 643.8 Wall 4S4 . 0    0 

 HEATING COIL SELECTION- 

Capacity  Coil Airfl  Ent 

m 

Main Htg 

Aux  Htg 

Preheat 

Reheat 

Humidif 

Vent 

al 

(Hbh) 

-279.6 

0.0 

-213.7 

0.0 

0.0 

0.0 

-493.3 

(cfm) 

9,026 

0 

9,026 

0 

0 

o 

Deg F 

S8.0 

0.0 

35.8 

0.0 

0.0 

0.0 

Lvg 

Deg F 

86.0 

0.0 

57.2 

0.0 

0.0 

0.0 

Type 

Vent 

Infil 

Supply 

Hincfm 

Return 

Exhaust 

Rm Exh 

Auxil 

-AIRFLOWS (cfm)- 

Cooling 

6,810 

5 

9,026 

0 

9,026 

6,810 

0 

0 

Heating 

—ENGINEERING CHECKS—  TEMPERATURES (F)  

6,810 

5 

9,026 

0 

9,026 

6,E10 

0 

0 

Clg t OA 

Clg Cfm/Sqft 

Clg Cfm/Ton 

Clg Sqft/Ton 

Clg Btuh/Sqft 

No. People 

Htg % OA 

Htg Cfm/SqFt 

Htg Btuh/SqFt 

75.4 

1.12 

168.23 

149.83 

80.09 

40 

75.4 

1.12 

-61.36 

Type 

SADB 

Plenum 

Return 

Ret/OA 

Rnnarad 

Fn KtrTD 

Fn BldTD 

Fn Frict 

Clg 

58.0 

91.3 

72.2 

89.3 

72.0 

0.1 

0.2 

0.6 

Htg 

86.0 

56.6 

72.0 

35.8 

72.0 

0.0 

0.0 

0.0 
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System Block MZ -  MULTIZONE 

Peaked at Time *==> 

Outside Air ==> 

♦ COOLING COIL PEAK »*♦♦«•« 

Mo/Hr:  8/16 

OADB/WB/HR:  95/ 81/138.0 

Envelope Loads 

Skylite Solr 

Skylite Cond 

Roof Cond 

Glass Solar 

Glass Cond 

Hall Cond 

Partition 

Exposed Floor 

Infiltration 

Sub Total~> 

Internal Loads 

Lights 

People 

Kisc 

Sob Total««> 

Ceiling Load 

Outside Air 

Sap. Fan Heat 

Ret. Fan Heat 

Dact Heat Pkup 

OV/UNDR Sizing 

Exhaust Heat 

Terminal Bypass 

Grand Total«»> 

Space 

Sens.+Lat. 

(Btuh) 

0 

0 

0 

12,548 

3,718 

35,679 

0 

0 

6,411 

58,355 

215,672 

62,037 

11,725 

289,433 

274,156 

0 

117,626 

739,570 

Ret. Air  Ret. Air 

Sensible    Latent 

(Btuh) 

0 

0 

262,600 

0 

0 

0 

262,600 

11,351 

0 

11,351 

-274,156 

0 

32,666 

0 

-8,150 

0 

24,312 

(Btuh) 

Net Percnt 

Total Of Tot 

(Btuh)     (%) 

0 0.00 

0 0.00 

262,600 14.72 

12,548 0.70 

3,718 0.21 

35,679 2.00 

0 0.00 

0 0.00 

6,411 0.36 

320,956 17.99 

227,023 12.72 

62,037 3.48 

0 11,725 0.66 

0 300,785 16.86 

0 0.00 

0 822,249 46.08 

198,176 11.11 

32,666 1.83 

0 0.00 

117,626 6.59 

0 -8,150 -0.46 

0 0 -0.00 

0 1,784,308 100.00 

-COOLING COIL SELECTION- 

Mo/Hr:  6/17 » Mo/Hr: 13/ 1 

OADB: 93 • OADB:  24 

Space Percnt * Space Peak Coil Peak Percnt 

Sensible Of Tot ♦ Space Sens Tot Sens Of Tot 

(Btuh) (*) * (Btuh) (Btuh) <») 
0 0.00 * 0 0 0.00 

0 0.00 * 0 0 o.oo 

■0 0.00 * 0 -218,508 22.40 

14,240 1.97 * 0 0 0.00 

3,444 0.48 * -8,084 -8,084 0.83 

36,828 5.09 * -54,471 -54,471 5.58 

0 0.00 * 0 0 0.00 

0 0.00 * 0 0 0.00 

1,872 0.26 * -4,218 -4,218 0.43 

56,383 7.80 * -66,774 -285,281 29.25 

215,672 29.84 * 21,358 22,482 -2.30 

24,679 3.41 * 0 0 0.00 

10,995 1.52 * 3,681 3,681 -0.38 

251,345 34.77 * 25,038 26,162 -2.68 

297,487 41.16 * -217,377 0 0.00 

0 0.00 # 0 -541,055 55.47 

0.00 * 198,176 -20.32 

0.00 * 0 O.OC 

0.00 * 0 O.OC 

117,626 16.27 * -373,373 -373,373 38. 26 

0.00 * 0 0.0C 

0.00 * 0 0.0G 

722,841 100.00 ♦ -632,486 -975,371 

—AREAS  

100.oc 

Main Clg 

Anx Clg 

Opt Vent 

Totals 

Total Capacity 

(Tons)    (Mbh) 

148.7 1,784.3 

0.0 0.0 

0.0       0.0 

148.7   1,784.3 

Sens Cap. 

(Mbh) 

1,180.5 

0.0 

0.0 

Coil Airfl 

(cfm) 

40,833 

0 

0 

Entering DB/HB/HR 

Deg F  Deg F  Grains 

78.3   66.3    78.3 

0.0    0.0     0.0 

0.0    0.0     0.0 

Leaving DB/HB/HR 

Deg F Deg F  Grains 

51.6   50.6    53.8 

0.0    0.0     0.0 

0.0    0.0     0.0 

Gross Total    Glass (sf)  (%) 

Floor     44,640 

Part 0 

ExFlr 0 

Roof      44,640 0    C 

Hall       7,543 378    i 

 HEATING COIL SELECTION  

Capacity  Coil Airfl Ent Lvg 

(cfm) Deg F Deg F 

40,833 64.8 86.0 

0 0.0 0.0 

40,833 60.0 51.6 

0 0.0 0.0 

0 0.0 0.0 

0 0.0 0.0 

(Mbh) 

Main Htg -959.0 

Anx  Htg 0.0 

Preheat -0.0 

Reheat 0.0 

Htmidif 0.0 

.Opt Vent 0.0 

total -959.0 

Type 

Vent 

Infil 

Supply 

Hincfm 

Return 

Exhaust 

Rm Exh 

Auxil 

-AIRFLOWS (cfm)- 

Cooling 

10,188 

79 

40,833 

0 

40,833 

10,188 

0 

0 

Heating 

10,188 

79 

40,833 

0 

40,833 

10,188 

0 

0 

—ENGINEERING CHECKS— 

25.0 

0.91 

274.61 

300.22 

39.97 

89 

25.0 

0.91 

-21.48 

—TEMPERATORES (F)  

Clg X  OA 

Clg Cfm/Sqft 

Clg Cfm/Ton 

Clg Sqft/Ton 

Clg Btuh/Sqft 

No. People 

Htg % OA 

Htg Cfm/SqFt 

Htg Btuh/SqFt 

Type 

SADB 

Plenum 

Return 

Ret/OA 

Rnnarad 

Fn MtrTD 

Fn BldTD 

Fn Frict 

Clg   Htg 

56.0 

91.4 

72.7 

78.3 

72.0 

0.8 

1.1 

3.3 

86.( 

56.« 

72.« 

60.( 

72.« 

o.c 

o.« 

o.« 
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^System      8 Block HZ -  MULTIZONE 

Peaked at Time >= =>            Ho/Hr:  8/16 * Mo/Br: 6/17 * Ho/Hr: 13/ 1 

Outside Air «=> OADB/WB/HR:  95/ 81/138.0 * OADB: 93 * OADB:  24 

Space Ret. Air Ret. Air Net Percnt * Space Percnt * Space Peak Coil Peak Percnt 

Sens.+Lat. Sensible Latent Total Of Tot * Sensible Of Tot * Space Sens Tot Sens Of Tot 

Envelope Loads (Btuh) (Btuh) (Btuh) (Btuh) (%) * (Btuh) .  (%) * (Btuh) (Btuh) (*) 

Skylite Solr 0 0 0 0.00 * 0 0.00 * 0 0 0.00 

Skylite Cond 0 0 0 0.00 * ,0 0.00 * 0 0 0.00 

Roof Cond 0 105,SS6 105,556 15.73 * 0 0.00 * 0 -72,606 16.17 

Glass Solar 2, 656 0 2,656 0.40 * 2,746 0.92 * 0 0 0.00 

Glass Cond 1,242 0 1,242 0.19 * 1,162 0.39 * -2,700 -2,700 0.60 

Hall Cond 12,715 0 12,715 1.89 * 15,220 5.11 * -25,314 -25,314 5.64 

Partition 0 0 0.00 * 0 0.00 * 0 0 0.00 

Exposed Floor 0 0 0.00 * 0 0.00 * 0 0 0.00 

Infiltration 2,744 2,744 0.41 * 863 0.29 * -1,934 -1,934 0.43 

Sub Total««> 19,357 105,556 124,914 18.61 * 19,991 6.71 * -29,949 -102,555 22.84 

Internal Ijoads * * 

Lights 119,973 6,314 126,287 18.81 * 119,973 40.26 * 11,929 12,557 -2.80 

People 43,966 43,966 6.55 * 19,035 6.39 * 0 0 O.OO 

Misc 4,021 0 0 4,021 0.60 * 4,021 1.35 * 1,348 1,348 -0.30 

Sub Total==> 167,960 6,314 0 174,275 25.96 * 143,029 48.00 * 13,278 13,905 -3.10 

Ceiling Load 89,962 -89,962 0 0.00 * 117,349 39.38 * -83,351 0 0.00 

>Outside Air 0 0 0 286,947 42.75 . 0 0.00 * 0 -202,232 45.04 

■Sup. Fan Heat 60,315 8.99 * 0.00 * 60,315 -13.43 

Ret. Fan Heat 8,773 8,773 1.31 * 0.00 * 0 0.00 

Duct Heat Pkup 0 0 0.00 * 0.00 * 0 0.00 

OV/UHDR Sizing 17,636 17,636 2.63 * 17,636 5.92 * -218,474 -218,474 48.65 

Exhaust Heat -1,625 0 -1,625 -0.24 * 0.00 * 0 0.00 

Terminal Bypass 0 0 0 -0.00 * 0.00 * 0 0.00 

Grand Total=> 294,916 29,057 0 671,236 100.00 * 298,004 100.00 * -318,497 -449,040 

—AREAS  

100.00 

Total Capacity 

-••———WAÄULBÜ IMUj OUdv.iivn-—————  

Sens Cap.  Coil Airfl    Entering DB/WB/HR Leaving DB/WB/HR Gross Total Glass (sf)  (t) 

(Tons) (Kbh) (Mbh) (cfm) Deg F Deg F Grains Deg F  Deg F Grains Floor    26, 965 

Main Clg    55.9 671.2 454.5 20,562 76.6   65 9    79 .4 56.2   55. 5 65.0 Part 0 

Anx Clg      0.0 0.0 0.0 0 0.0   0 .0     0 .0 0.0    0. 0 0.0 ExFlr 0 

Opt Vent     0.0 0.0 0.0 0 0.0   0 0     0 .0 0.0    0. 0 0.0 Roof      14, 639 0    0 

Totals       55.9 671.2 Hall       3, 642 126    3 

-HEATING COIL SELECTION- 

Main Htg 

Anx  Htg 

Preheat 

Reheat 

Bumidif 

it Vent 

ital 

Capacity 

(Mbh) 

-416.5 

0.0 

-0.0 

0.0 

0.0 

0.0 

-416.5 

Coil Airfl 

(cfm) 

20,562 

0 

20,562 

0 

0 

0 

   AIRFLOWS (cfm)  

Ent   Lvg       Type Cooling Heating 

Deg F  Deg F Vent 3,808 3,808 

67.7    86.0 Infil 36 36 

0.0     0.0 Supply 20,562 20,562 

63.1    56.2 Kincfm 0 0 

0.0    0.0 Return 20,562 20,562 

0.0     0.0 Exhaust 3,808 3,808 

0.0            0.0 Rm Exh 0 0 

Auxil 0 0 

—ENGINEERING CHECKS— 

Clg  % OA 

Clg Cfm/Sqft 

Clg Cfm/Ton 

Clg Sqft/Ton 

Clg Btuh/Sqft 

No. People 

Htg % OA 

Htg Cfm/SqFt 

Htg Btuh/SqFt 

18.5 

0.76 

367.60 

482.07 

24.89 

S3 

18.5 

0.76 

-15.45 

—TEMPERATURES (F)  

Type Clg Htg 

SADB 58.9 86.0 

Plenum 82.5 63.9 

Return 72.4 72.0 

Ret/OA 76.6 63.1 

Runarnd 72.0 72.0 

Fn MtrTD 0.5 0.0 

Fn BldTD 0.7 0.0 

Fn Frict 2.0 0.0 
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MAIN SYSTEM COOLING 

BASELINE MODEL 

ALTERNATIVE 1 

PEAK        COOLING        LOADS 

(Main System) 

Peak OA Rm : Supp. Space Space Space Peak OA Rm Supp. Coil Coil Coil 

Time Cond. ] Dry Dry Air Sens. Lat. Time Cond. Dry Dry Air Sens. Lat. 

Room Mo/Hr DB/WB : Bib Bulb Flow Load Load 1 Mo/Hr DB/WB Bib Bulb Flow Load Load 

Humber Description <F) <F) <F) (Cfm) (Btuh) (Btuh) 
■■: 

(F) (F) (F) (Cfm) (Btuh) (Btuh) 

1 SURGERY1 6/14 95 78 72 50.1 662 16,040 2,817 7/15 94 80 72 51.3 662 32,826 41,972 

Zone 1  Total/Ave. 95 78 72 50.1 662 16,040 2,817 94 80 72 51.3 662 32,826 41,972 

Zone 1  Block 6/14 95 78 72 50.1 662 16,040 2,817 7/15 94 80 72 51.3 662 32,826 41,972 

2 SUR CORR 6/14 95 78 72 50.1 1,391 33,704 1,474 8/16 95 81 72 51.8 1,391 69,479 85,493 

Zone 2  Total/Ave. 95 78 72 50.1 1,391 33,704 1,474 95 81 72 51.8 1,391 69,479 85,493 

Zone 2  Block 6/14 95 78 72 50.1 1,391 33,704 1,474 8/16 95 81 72 51.8 1,391 69,479 85,493 

3 SURGERY2 6/14 95 78 72 50.1 600 14,538 2,320 7/15 94 80 72 51.5 600 29,619 37,743 

Zone 3 Total/Ave. 95 78 72 50.1 600 14,538 2,320 94 80 72 51.5 600 29,619 37,743 

Zone 3  Block 6/14 95 78 72 50.1 600 14,538 2,320 7/15 94 80 72 51.5 600 29,619 37,743 

4 DEL 1 8/14 95 80 72 50.1 531 12,866 1,963 7/15 94 80 72 51.1 531 26,414 33,469 

Zone 4 Total/Ave. 95 80 72 50.1 531 12,866 1,963 94 80 72 51.1 531 26,414 33,469 

Zone 4  Block 8/14 95 80 72 50.1 531 12,866 1,963 7/15 94 80 72 51.1 531 26,414 33,469 

5 DEL 2 8/14 95 80 72 50.1 474 11,485 1,679 7/15 94 80 72 51.1 474 23,583 29,769 

Zone 5 Total/Ave. 95 80 72 50.1 474 11,485 1,679 94 80 72 51.1 474 23,583 29,769 

Zone 5  Block 8/14 95 80 72 50.1 474 11,485 1,679 7/15 94 80 72 51.1 474 23,583 29,769 

6 LABOR 6/14 95 78 72 50.1 2,543 61,617 4,916 7/15 94 80 72 51.3 2,543 126,051 157,016 

Zone 6  Total/Ave. 95 78 72 50.1 2,543 61,617 4,916 94 80 72 51.3 2,543 126,051 157,016 

Zone 6  Block 6/14 95 78 72 50.1 2,543 61,617 4,916 7/15 94 80 72 51.3 2,543 126,051 157,016 

7 SUR. LOUN 6/14 95 78 72 50.1 2,952 71,527 3,100 8/16 95 81 72 51.9 2,952 147,236 181,398 

Zone 7 Total/Ave. 95 78 72 50.1 2,952 71,527 3,100 95 81 72 51.9 2,952 147,236 181,398 

Zone 7  Block 6/14 95 78 72 50.1 2,952 71,527 3,100 8/16 95 81 72 51.9 2,952 147,236 181,398 

8 NURSERY 6/14 95 78 72 50.1 1,319 31,960 1,494 8/16 95 81 72 52.3 1,319 65,201 80,953 

Zone 8 Total/Ave. 95 78 72 50.1 1,319 31,960 1,494 95 81 72 52.3 1,319 65,201 80,953 

Zone 8  Block 6/14 95 78 72 50.1 1,319 31,960 1,494 8/16 95 81 72 52.3 1,319 65,201 80,953 

9 OB RECOV 8/14 95 80 72 50.1 378 9,159 1,180 8/16 95 81 72 52.7 378 18,534 23,417 

Zone 9  Total/Ave. 95 80 72 50.1 378 9,159 1,180 95 81 72 52.7 378 18,534 23,417 

Zone 9  Block 8/14 95 80 72 50.1 378 9,159 1,180 8/16 95 81 72 52.7 378 18,534 23,417 

10 OR RECOV 6/14 95 78 72 50.1 608 14,732 1,316 8/16 95 81 72 52.9 608 29,646 37,441 

Zone 10  Total/Ave. 95 78 72 50.1 608 14,732 1,316 95 81 72 52.9 608 29,646 37,441 

Zone 10  Block 6/14 95 78 72 50.1 608 14,732 1,316 8/16 95 81 72 52.9 608 29,646 37,441 

System 1  Total/Ave. 95 78 72 50.1 11,458 277,629 22,260 95 81 72 51.7 11,458 568,588 708,672 

System 1  Block 6/14 95 78 72 50.1 11,458 277,403 22,188 8/16 95 81 72 52.9 11,458 558,547 706,139 

11 PERIM N. 6/14 95 78 72 56.0 2,994 53,001 9,692 7/15 94 80 72 58.6 2,994 124,103 161,171 

Zone 11 Total/Ave. 95 78 72 56.0 2,994 53,001 9,692 94 80 72 58.6 2,994 124,103 161,171 

Zone 11  Block 6/14 95 78 72 56.0 2,994 53,001 9,692 7/15 94 80 72 58.6 2,994 124,103 161,171 

12 PERIM. S 9/14 93 76 72 56.0 1,304 23,084 4,147 8/16 95 81 72 60.6 1,304 52,429 69,846 

Zone 12  Total/Ave. 93 76 72 56.0 1,304 23,084 4,147 95 81 72 60.6 1,304 52,429 69,846 

Zone 12  Block 9/14 93 76 72 56.0 1,304 23,084 4,147 8/16 95 81 72 60.6 1,304 52,429 69,846 

13 INT. N 6/14 95 78 72 56.0 2,121 37,547 3,146 7/15 94 80 72 57.9 2,121 89,607 110,833 

Zone 13  Total/Ave. 95 78 72 56.0 2,121 37,547 3,146 94 80 72 57.9 2,121 89,607 110,833 

Zone 13  Block 6/14 95 78 72 56.0 2,121 37,547 3,146 7/15 94 80 72 57.9 2,121 89,607 110,833 

14 INT. S 6/14 95 78 72 56.0 2,239 39,636 3,321 7/15 94 80 72 57.9 2,239 94,633 117,032 

Zone 14  Total/Ave. 95 78 72 56.0 2,239 39,636 3,321 94 80 72 57.9 2,239 94,633 117,032 

Zone 14  Block 6/14 95 78 72 56.0 2,239 39,636 3,321 7/15 94 80 72 57.9 2,239 94,633 117,032 

15 ICU 6/14 9S 78 72 56.0 475 8,409 1,135 7/15 94 80 72 58.5 475 19,749 25,270 
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ion« 15 Tot«l/Ave. 95 78 72 56.0 «75 8,409 1,135 94 80 72 58.5 475 19,749 25,270 

tone 15 Block 6/14 95 78 72 56.0 475 8,409 1,135 7/15 94 80 72 58.5 475 19,749 25,270 

Sy«t«m     2  Total/Ave.       95 78  72  56.0     9,133   161,676    21,443        94  80 72  58.5     9,133   380,520   484,153 
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[MAIN SYSTEH COOLING - ALTERNATIVE 1 

BASELINE MODEL 

PEAK        COOLING        LOADS 

(Hain System) 

Peak 

  
OA Rm Supp. Space Space Space Peak OA Rm Supp. Coil Coil Coil 

Time Cond. Dry Dry Air Sens. Lat. Time Cond. Dry Dry Air Sens. Lat. 

Room 1 Ko/Hr DB/WB Bib Bulb Flow Load Load Mo/Hr DB/HB Bib Bulb Flow Load Load 

Number De Bcription <FJ (F) <F> (Cfm) (Btuh) (Btuh) 
•■• 

(F) (F) (F) (Cfm) (Btuh) (Btuh) 

System 2 Block 6/14 95 78 72 56.2 9,133 159,635 21,512 7/15 94 80 72 58.3 9,133 381,973 484,S40 

16 KIT ADMIN 6/15 95 79 72 60.0 434 5,762 1,316 8/16 9S 81 72 60.5 434 5,597 9.4S7 

Zone 16 Total/Ave. 95 79 72 60.0 434 5,762 1,316 95 81 72 60.5 434 S,597 9,457 

Zone 16 Block 6/15 95 79 72 60.0 434 5,762 1,316 8/16 95 81 72 60.5 434 5,597 9,457 

17 FOOD PRE 6/17 93 77 72 60.0 887 11,777 2,547 8/16 95 81 72 63.4 887 18,985 17,050 

Zone 17 Total/Ave. 93 77 72 60.0 887 11,777 2,547 95 81 72 63.4 887 18,985 17,050 

Zone 17 Block 6/17 93 77 72 60.0 887 11,777 2,547 8/16 95 81 72 63.4 887 18,985 17,050 

18 XRAY EXT 6/14 95 78 72 60.0 2,124 28,200 3,468 8/16 95 81 72 64.2 2,124 47,739 45,689 

Zone 18 Total/Ave. 95 78 72 60.0 2,124 28,200 3,468 95 81 72 64.2 2,124 47,739 45,689 

Zone 18 Block 6/14 95 78 72 60.0 2,124 28,200 3,468 8/16 95 81 72 64.2 2,124 47,739 45,689 

19 XRAY IHT 6/14 95 78 72 60.0 1,640 21,774 2,987 8/16 95 81 72 60.0 1,640 41,714 21,763 

Zone 19 Total/Ave. 95 78 72 60.0 1,640 21,774 2,987 95 81 72 60.0 1,640 41,714 21,763 

Zone 19 Block 6/14 95 78 72 60.0 1,640 21,774 2,987 8/16 95 81 72 60.0 1,640 41,714 21,763 

20 PHY THER 6/14 95 78 72 60.0 1,664 22,093 4,668 8/16 95 81 72 64.5 1,664 37,831 39,505 

Zone 20 Total/Ave. 95 78 72 60.0 1,664 22,093 4,668 95 81 72 64.5 1,664 37,831 39,505 

Zone 20 Block 6/14 95 78 72 60.0 1,664 22,093 4,668 8/16 95 81 72 64.5 1,664 37,831 39,505 

21 ADMIN r 8/15 95 80 72 60.0 1,214 16,118 4,565 8/16 95 81 72 62.3 1,214 24,458 18,717 

Zone 21 Total/Ave. 95 80 72 60.0 1,214 16,118 4,565 95 81 72 62.3 1,214 24,458 18,717 

Zone 21 Block 8/1S 95 80 72 60.0 1,214 16,118 4,565 8/16 95 81 72 62.3 1,214 24,458 18,717 

22 SUR.CLINIC 6/14 95 78 72 60.0 1,421 18,866 3,178 8/16 95 81 72 63.6 1,421 30,933 27,791 

Zone 22 Total/Ave. 95 78 72 60.0 1,421 18,866 3,178 95 81 72 63.6 1,421 30,933 27,791 

Zone 22 Block 6/14 95 78 72 60.0 1,421 18,866 3,178 8/16 95 81 72 63.6 1,421 30,933 27,791 

23 SOR.CT.THIC 6/14 95 78 72 60.0 3,555 47,199 7,423 8/16 95 81 72 60.0 3,555 53,715 53,478 

Zone 23 Total/Ave. 95 78 72 60.0 3,555 47,199 7,423 95 81 72 60.0 3,555 93,715 53,478 

Zone 23 Block 6/14 95 78 72 60.0 3,555 47,199 7,423 8/16 95 81 72 60.0 3,5S5 S3,71S 53,478 

24 MECE 6/14 95 78 72 60.0 353 4,687 466 8/16 95 81 72 60.2 353 10,261 8,939 

Zone 24 Total/Ave. 95 78 72 60.0 353 4,687 466 95 81 72 60.2 353 10,261 8,939 

Zone 24 Block 6/14 95 78 72 60.0 353 4,687 466 8/16 95 81 72 60.2 3S3 10,261 8,939 

25 E.R.AC10 6/16 95 79 72 60.0 3,800 50,452 8,741 8/16 95 81 72 60.0 3,800 85,206 39,751 

Zone 25 Total/Ave. 95 79 72 60.0 3,800 50,452 8,741 95 81 72 60.0 3,800 85,206 39,751 

Zone 25 Block 6/16 95 79 72 60.0 3,800 50,452 8,741 8/16 95 81 72 60.0 3,800 85,206 39,751 

System 3 Total/Ave. 95 79 72 60.0 17,092 226,927 39,359 95 81 72 61.6 17,092 400,440 282,139 

System 3 Block 6/15 95 79 72 60.1 17,092 224,369 39,431 8/16 95 81 72 60.5 17,092 404,422 282,139 

26 ADMIN 6/14 95 78 72 60.0 1,939 25,744 4,298 8/16 95 81 72 60.0 1,939 41,031 33,442 

Zone 26 Total/Ave. 95 78 72 60.0 1,939 25,744 4,298 95 81 72 60.0 1,939 41,031 33,442 

Zone 26 Block 6/14 95 78 72 60.0 1,939 25,744 4,298 8/16 95 81 72 60.0 1,939 41,031 33,442 

27 DENT EXT 8/ 9 84 74 72 60.0 2,417 32,090 2,056 8/16 95 81 72 62.4 2,417 37,908 14,013 

Zone 27 Total/Ave. 84 74 72 60.0 2,417 32,090 2,056 95 81 72 62.4 2,417 37,908 14,013 

Zone 27 Block 8/ 9 84 74 72 60.0 2,417 32,090 2,056 8/16 95 81 72 62.4 2,417 37,908 14,013 

28 DENT INT 6/15 95 7S 72 60.0 3,182 42,247 8,554 8/16 95 81 72 63.4 3,182 69,904 65,758 

Zone 28 Total/Ave. 95 79 72 60.0 3,182 42,247 8,554 95 81 72 63.4 3,182 £9,504 65,758 

Zone 28 Block 6/15 95 79 72 60.0 3,182 42,247 8,554 8/16 95 81 72 63.4 3,182 69,904 65,758 

29 EENT EXT 8/15 95 SO 72 60.0 1,061 14,087 2,646 8/16 95 81 72 60.0 1,061 27,23S 17,364 

Zone 29 Total/Ave. 95 80 72 60.0 1,061 14,087 2,646 95 81 72 60.0 1,061 27,235 17,364 

Zone 29 Block 8/15 95 80 72 60.0 1,061 14,087 2,646 8/16 95 81 72 60.0 1,061 27,235 17,364 

326 



30  KENT INT 6/14  95 78  72  60.0     1,996    26,500     5,359  7/15  94  80 72  60.0     1,996    58,221    41,272 

«on«      30  Total/Ave.       95 78  72  60.0     1,996    26,500     5,359        94  80 72  60.0     1,996    58.221    41,272 

Zon«      30  Block      6/14  95 78  72  60.0     1,996    26,500     5.359  7/15  94  80 72  60.0     1,996    58,221    41,272 
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MAIN SYSTEM COOLING - ALTERNATIVE 1 

BASELINE MODEL 

E A K   C OOLING   LO 

(Hain System) 

ADS 

Peak OA Rm Supp. Space Space Space Peak 0A Rm Supp. Coil Coil Coil 

Time Cond. Dry Dry Air Sens. Lat. Time Cond. Dry Dry Air Sens. Lat. 

Room Mo/Hr DB/WB Bib Bulb Plow Load Load Mo/Hr DB/WB Bib Bulb Flow Load Load 

Number Description (F) on (F) (Cfm) (Btuh) (Btuh) 
■■: 

<F) (F) (F) (Cfm) (Btuh) (Btuh) 

31 AREA S fi/14 95 78 72 60.0 1,506 19,995 4,698 7/15 94 80 72 60.0 1,506 47,263 36,190 

Zone 31  Total/Ave. 95 78 72 60.0 1,506 19,995 4,698 94 80 72 60.0 1,506 47,263 36,190 

Zone 31  Block 6/14 95 78 72 60.0 1,506 19,995 4,698 7/15 94 80 72 60.0 1,506 47,263 36,190 

32 DINING 6/ 8 80 71 72 60.0 3,406 45,221 15,219 7/15 94 80 72 64.6 3,406 45,042 32,259 

Zone 32  Total/Ave. 80 71 72 60.0 3,406 45,221 15,219 94 80 72 64.6 3,406 45,042 32,259 

Zone 32  Block 6/ 8 80 71 72 60.0 3,406 45,221 15,219 7/15 94 80 72 64.6 3,406 45,042 32,259 

System 4  Total/Ave. 95 78 72 60.0 15,507 205,883 42,829 95 81 72 62.1 15,507 326,604 240,297 

System 4  Block 6/14 95 78 72 61.2 15,507 18S,628 42,873 8/16 95 81 72 61.3 15,507 323,603 238,688 

33 AC8 NORT 6/17 93 77 72 54.0 1,750 34,820 2,206 8/16 95 81 72 54.4 1,750 43,029 10,420 

Zone 33  Total/Ave. 93 77 72 54.0 1,750 34,820 2,206 95 81 72 54.4 1,750 43,029 10,420 

Zone 33  Block 6/17 93 77 72 54.0 1,750 34,820 2,206 8/16 95 81 72 54.4 1,750 43,029 10,420 

34 AC8 EAST 6/16 95 79 72 54.0 2,787 55,453 4,179 8/16 95 81 72 54.0 2,787 69,034 16,143 

Zone 34  Total/Ave. 95 79 72 54.0 2,787 55,453 4,179 95 81 72 54.0 2,787 69,034 16,143 

Zone 34  Block 6/16 95 79 72 54.0 2,787 55,453 4,179 8/16 95 81 72 S4.0 2,787 69,034 16,143 

35 AC7 SO 9/15 93 76 72 S4.0 5,033 100,142 7,721 8/16 95 81 72 55.4 5,033 118,618 31,851 

Zone 35 Total/Ave. 93 76 72 S4.0 5,033 100,142 7,721 95 81 72 55.4 5,033 118,618 31,851 

Zone 35  Block 9/15 93 76 72 54.0 5,033 100,142 7,721 8/16 95 81 72 55.4 5,033 118,618 31,851 

36 AC8 SO 9/15 93 76 72 54.0 3,273 65,123 4,064 8/16 95 81 72 55.7 3,273 73,896 15,380 

Zone 36  Total/Ave. 93 76 72 54.0 3,273 65,123 4,064 95 81 72 55.7 3,273 73,896 15,380 

Zone 36  Block 9/15 93 76 72 54.0 3,273 65,123 4,064 8/16 95 81 72 55.7 3,273 73,896 15,380 

37 AC7 WEST 6/17 93 77 72 54.0 2,571 51,156 2,894 8/17 94 80 72 54.6 2,571 60,891 11,871 

Zone 37  Total/Ave. 93 77 72 54.0 2,571 51,156 2,894 94 80 72 54.6 2,571 60,891 11,871 

Zone 37  Block 6/17 93 77 72 54.0 2,571 51,156 2,894 8/17 94 80 72 54.6 2,571 60,891 11,871 

38 AC7 INT 6/17 93 77 72 54.0 11,929 237,353 18,847 8/16 95 81 72 54.1 11,929 301,834 88,803 

Zone 38  Total/Ave. 93 77 72 54.0 11,929 237,353 18,847 95 81 72 54.1 11,929 301,834 88,803 

Zone 38  Block 6/17 93 77 72 54.0 11,929 237,353 18,847 8/16 95 81 72 54.1 11,929 301,834 88,803 

39 AC8 INT 6/17 93 77 72 54.0 12,507 248,854 26,420 8/16 95 81 72 54.1 12,507 317,752 104,797 

Zone 39  Total/Ave. 93 77 72 54.0 12,507 248,854 26,420 95 81 72 54.1 12,507 317,7S2 104,797 

Zone 39  Block 6/17 93 77 72 54.0 12,507 248,854 26,420 8/16 95 81 72 54.1 12,507 317,752 104,797 

System 5  Total/Ave. 93 77 72 54.0 39,850 792,901 66,331 95 81 72 54.4 39,850 985,054 279,266 

System 5  Block 6/17 93 77 72 54.6 39,850 766,058 63,894 8/16 95 81 72 54.5 39,850 983,740 279,639 

40 AC9 LAB 6/17 93 77 72 58.0 9,026 139,809 14,142 8/16 95 81 72 58.3 9,026 318,022 325,818 

Zone 40  Total/Ave. 93 77 72 58.0 9,026 139,809 14,142 95 81 72 58.3 9,026 318,022 325,818 

Zone 40  Block 6/17 93 77 72 58.0 9,026 139,809 14,142 8/16 95 81 72 58.3 9,026 318,022 325,818 

System 6  Total/Ave. 93 77 72 58.0 9,026 139,809 14,142 95 81 72 58.3 9,026 318,022 325,818 

System 6  Block 6/17 93 77 72 58.0 9,026 139,809 14,142 8/16 95 81 72 58.3 9,026 318,022 325,818 

41 WEST CMS 6/17 93 77 72 56.0 4,592 81,289 4,387 8/16 95 81 72 56.6 4,592 130,992 65,285 

Zone 41 Total/Ave. 93 77 72 56.0 4,592 81,289 4,387 95 81 72 56.6 4,592 130,992 65,285 

Zone 41  Block 6/17 93 77 72 56.0 4,592 81,289 4,387 8/16 95 81 72 56.6 4,592 130,992 65,285 

42 AC11 WES 6/17 93 77 72 56.0 3,884 68,756 2,928 8/16 95 81 72 56.6 3,884 108,824 49,746 

Zone 42  Total/Ave. 93 77 72 56.0 3,884 68,756 2,928 95 81 72 S6.6 3,884 108,824 49,746 

Zone 42  Block 6/17 93 77 72 56.0 3,884 68,756 2,928 8/16 95 81 72 56.6 3,884 108,824 49,746 

43 AC14 WES 6/17 93 77 72 56.0 2,OS6 36,396 1,713 8/16 95 81 72 56.9 2,056 55,915 24,300 

Zone 43  Total/Ave. 93 77 72 56.0 2,056 36,396 1,713 95 81 72 56.9 2,056 55,915 24,300 

Zone 43  Block 6/17 93 77 72 56.0 2,056 36,396 1,713 8/16 95 81 72 56.9 2,056 55,915 24,300 
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44  AC13 SOU 9/16  93 76  72  56.0     2,409    42.«45     1,780  8/16  95  81 72  56.8     2,409    64,095    24,691 

Zone       44  Total/Ave.        93 76  72  56.0     2,409    42,645      1,780 95  81 72  56.8     2,409    64,095    24,691 

Zone       44  Block       9/16  93 76  72  56.0     2,409    42,645      1,780  8/16  95  81 72  56.8     2,409    64,095    24,691 
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| MAIN SYSTEM COOLING 

BASELINE HODEL 

ALTERNATIVE 1 

E A K   C OOLING   LO 

(Main System) 

ADS 

Peak OA Rm Supp. Space Space Space Peak 0A Rm Supp. Coil Coil Coil 

Time Cond. Dry Dry Air Sens. Lat. Time Cond. Dry Dry Air Sena. Lat. 

Room Mo/Hr DB/WB Bib Bulb Flow Load Load Mo/Hr DB/WB Bib Bulb Flow Load Load 

number Description (F) (F) <F) (Cfm) (Btuh) (Btuh) (F) (F) (F) (Cfm) (Btuh) (Btuh) 

45 AC11 EAS 6/17 93 77 72 56.0 2,898 51,301 2,508 8/16 95 81 72 56.3 2,898 83,750 41,637 

Zone 45 Total/Ave. 93 77 72 56.0 2,898 51,301 2,508 95 81 72 56.3 2,898 83,750 41,637 

Zone 45 Block 6/17 93 77 72 56.0 2,898 51,301 2,508 8/16 95 81 72 56.3 2,898 83,750 41,637 

46 AC14 EAS 6/17 93 77 72 56.0 6,608 116,977 4,769 8/16 95 81 72 56.3 6,608 187,794 86,076 

Zone 46 Total/Ave. 93 77 72 56.0 6,608 116,977 4,769 95 81 72 56.3 6,608 187,794 86,076 

Zone 46 Block 6/17 93 77 72 56.0 6,608 116,977 4,769 8/16 95 81 72 56.3 6,608 187,794 86,076 

47 AC13 EAS 6/17 93 77 72 56.0 2,130 37,706 4,506 8/16 95 81 72 56.7 2,130 77,927 72,360 

Zone 47 Total/Ave. 93 77 72 56.0 2,130 37,706 4,506 95 81 72 56.7 2,130 77,927 72,360 

Zone 47 Block 6/17 93 77 72 56.0 2,130 37,706 4,506 8/16 95 81 72 56.7 2,130 77,927 72,360 

48 AC11 INT 6/17 93 77 72 56.0 3,802 67,304 3,083 8/16 95 81 72 56.6 3,802 111,591 60,171 

Zone 48 Total/Ave. 93 77 72 56.0 3,802 67,304 3,083 95 81 72 56.6 3,802 111,591 60,171 

Zone 48 Block 6/17 93 77 72 56.0 3,802 67,304 3,083 8/16 95 81 72 56.6 3,802 111,591 60,171 

49 AC14 INT 6/17 93 77 72 56.0 5,267 93,238 4,056 8/16 95 81 72 56.5 S.267 152,820 78,154 

Zone 49 Total/Ave. 93 77 72 56.0 5,267 93,238 4,056 95 81 72 56.5 5,267 152,820 78,154 

Zone 49 Block 6/17 93 77 72 56.0 S,267 93,238 4,056 8/16 95 81 72 56.5 5,267 152,820 78,154 

50 AC13 INT 6/17 93 77 72 56.0 7,187 127,227 5,197 8/16 95 81 72 56.4 7,187 206,757 101,423 

Zone 50 Total/Ave. 93 77 72 56.0 7,187 127,227 5,197 95 81 72 56.4 7,187 206,757 101,423 

Zone 50 Block 6/17 93 77 72 56.0 7,187 127,227 5,197 8/16 95 81 72 56.4 7,187 206,757 101,423 

System 7 Total/Ave. 93 77 72 56.0 40,833 722,841 34,928 95 81 72 56.5 40,833 1,180,465 603,843 

System 7 Block 6/17 93 77 72 56.1 40,833 718,868 34,826 8/16 95 81 72 56.5 40,833 1,180,464 603,843 

51 AC17 WES 6/17 93 77 72 58.9 1,332 19,305 950 8/16 95 81 72 S9.4 1,332 30,443 9,009 

Zone 51 Total/Ave. 93 77 72 58.9 1,332 19,305 950 95 81 72 59.4 1,332 30,443 9,009 

Zone 51 Block 6/17 93 77 72 58.9 1,332 19,305 950 8/16 95 81 72 59.4 1,332 30,443 9,009 

52 AC17 NOR 6/17 93 77 72 58.9 4,370 63,334 2,993 8/16 95 81 72 58.9 4,370 94,678 26,829 

Zone 52 Total/Ave. 93 77 72 58.9 4,370 63,334 2,993 95 81 72 58.9 4,370 94,678 26,829 

Zone 52 Block 6/17 93 77 72 58.9 4,370 63,334 2,993 8/16 95 81 72 58.9 4,370 94,678 26,829 

53 AC17 INT 6/17 93 77 72 58.9 9,612 139,306 6,302 8/16 95 81 72 58.9 9,612 220,162 70,981 

Zone 53 Total/Ave. 93 77 72 S8.9 9,612 139,306 6,302 95 81 72 58.9 9,612 220,162 70,981 

Zone 53 Block 6/17 93 77 72 58.9 9,612 139,306 6,302 8/16 95 81 72 58.9 9,612 220,162 70,981 

S4 AC16 INT 6/14 95 78 72 58.9 1,130 16,377 2,852 8/16 95 81 72 69.9 1,130 17,966 25,695 

Zone S4 Total/Ave• 95 78 72 58.9 1,130 16,377 2,852 95 81 72 69.9 1,130 17,966 25,695 

Zone 54 Block 6/14 95 78 72 58.9 1,130 16,377 2,852 8/16 95 81 72 69.9 1,130 17,966 25,695 

55 AC16 NOR 6/17 93 77 72 58.9 298 4,319 653 8/16 95 81 72 68.3 298 4,621 5,588 

Zone 55 Total/Ave. 93 77 72 58.9 298 4,319 653 95 81 72 68.3 298 4,621 5,588 

Zone 55 Block 6/17 93 77 72 58.9 298 4,319 653 8/16 95 81 72 68.3 298 4,621 5,588 

56 AC16 6/1S 95 79 72 58.9 2,187 31,696 7,280 8/16 95 81 72 71.9 2,187 32,795 65,598 

Zone 56 Total/Ave. 95 79 72 58.9 2,187 31,696 7,280 95 81 72 71.9 2,187 32,795 65,598 

Son« 56 Block 6/15 95 79 72 58.9 2,187 31,696 7,280 8/16 95 81 72 71.9 2,187 32,795 65,598 

57 AC18 6/17 9 3 77 72 58.9 1,633 23,667 4,286 8/16 95 81 72 58.9 1,633 35,413 13,082 

Zone 57 Total/Ave. 93 77 72 58.9 1,633 23,667 4,286 95 81 72 58.9 1,633 35,413 13,082 

Zone 57 Block 6/17 93 77 72 58.9 1,633 23,667 4,286 8/16 9S 81 72 58.9 1,633 35,413 13,082 

System 8 Total/Ave. 93 77 72 58.9 20,562 298,005 25,316 95 81 72 61.1 20,562 436,076 216,784 

System 8 Block 6/17 93 77 72 59.0 20,562 296,397 23,188 8/16 95 81 72 60.2 20.S62 454,452 216,784 
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.AUXILIARY SYSTEM COOLING - ALTERNATIVE 1 

'BASELINE HODEL 

PEAK        COOLING        LOADS 

(Auxiliary System) 

Peak OA Rm Supp. Space Space Space Peak OA Rm Supp. Coil Coil Coil 

Time Cond. 1 Dry Dry Air Sens. Lat. Time Cond. Dry Dry Air Sens. Lat. 

Room Ko/Hr DB/WB Bib Bulb Flow Load Load Mo/Hr DB/WB Bib Bulb. Flow Load Load 

Number Description <F) (F) <F) (Cfm) (Btuh) (Btuh) 
.-. 

<F) <F) (F) (Cfm) (Btuh) (Btuh) 

11 PERIH N. 6/14 9S 78 72 56.0 992 17,561 0 6/14 95 78 72 56.0 992 17,913 0 

Zone 11 Total/Ave. 95 78 72 56.0 992 17,561 0 95 78 72 56.0 992 17,913 0 

Zone 11 Block 6/14 95 78 72 56.0 992 17,561 0 6/14 95 78 72 56.0 992 17,913 0 

12 PERIH. S 8/15 95 80 72 56.0 381 6,745 0 8/15 95 80 72 56.0 381 6,880 0 

Zone 12 Total/Ave. 95 80 72 56.0 381 6,745 0 95 80 72 56.0 381 6,880 0 

Zone 12 Block 8/15 95 80 72 S6.0 381 6,745 0 8/15 95 80 72 56.0 381 " 6,880 0 

13 INT. N 6/14 95 78 72 56.0 2,764 48,935 0 6/14 95 78 72 56.0 2,764 49,918 0 

Zone 13 Total/Ave. 95 78 72 56.0 2,764 48,935 0 95 78 72 56.0 2,764 49,918 0 

Zone 13 Block 6/14 95 78 72 56.0 2,764 48,935 0 6/14 95 78 72 56.0 2,764 49,918 0 

14 INT. s 6/14 95 78 72 56.0 2,918 51,653 0 6/14 95 78 72 56.0 2,918 52,691 0 

Zone 14 Total/Ave. 95 78 72 56.0 2,918 51,653 0 95 78 72 56.0 2,918 52,691 0 

Zone 14 Block 6/14 95 78 72 56.0 2,918 51,653 0 6/14 95 78 72 56.0 2,918 52,691 0 

15 ICU 6/14 95 78 72 56.0 203 3,594 0 6/14 95 78 72 56.0 203 3,666 0 

Zone 15 Total/Ave. 95 78 72 56.0 203 3,594 0 95 78 72 56.0 203 3,666 0 

IZone 15 Block 6/14 95 78 72 56.0 203 3,594 0 6/14 95 78 72 56.0 203 3,666 0 

System 2 Total/Ave. 95 78 72 56.0 7,258 128,487 0 95 78 72 56.0 7,258 131,068 0 

System 2 Block 6/14 95 78 72 56.0 7,258 128,098 0 6/14 95 78 72 56.0 7,258 130,679 0 
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HAIN SYSTEH HEATING - ALTERNATIVE 1 

BASELINE MODEL 

PEAK HEATING        LOADS 

(Hain System) 

Room 

Number    Description 

1 SURGERY1 

Zone 1 Total/Ave. 

Zone 1 Block 

2 SUR CORR 

Zone 2 Total/Ave. 

Zone 2 Block 

3 SURGERY2 

Zone 3 Total/Ave. 

Zone 3 Block 

4 DEL 1 

Zone 4 Total/Ave. 

Zone 4 Block 

5 DEL 2 

Zone 5 Total/Ave. 

Zone S Block 

6 LABOR 

Zone 6 Total/Ave. 

Zone 6 Block 

7 SUR. LOUN 

Zone 7 Total/Ave. 

Zone 7 Block 

8 NURSERY 

Zone 8 Total/Ave. 

Zone 8 Block 

9 OB RECOV 

Zone 9 Total/Ave. 

Zone 9 Block 

10 OR RECOV 

Zone 10 Total/Ave. 

Zone 10 Block 

System 1 Total/Ave. 

System 1 Block 

11 PERIH N. 

Zone 11 Total/Ave. 

Zone 11 Block 

12 PERIH. S 

Zone 12 Total/Ave. 

Zone 12 Block 

13 INT. N 

Zone 13 Total/Ave. 

Zone 13 Block 

14 INT. S 

Zone 14 Total/Ave. 

Zone 14 Block 

15 ICU 

Peak OA Rm Supp. Space Space Peak OA Rm Supp. Coil Coil 

Floor Time Cond.  Dry Dry Air Sens. Time Cond.  Dry Dry Air Sena. 

Area Ko/Hr DB/WB Bib Bulb Flow Load Ho/Hr DB/WB  Bib Bulb Flow Load 

q Ft) <F) (F) <F) (Cfm) (Btuh) (F)  ( F) (F) (Cfm) (Btuh) 

441 13/ 1 24 20 72 86.0 662 -10,254 13/ 1 24  20 72 86.0 662 -26,294 

441 24 20 72 86.0 662 -10,254 24  20 72 86.0 662 -26,294 

441 13/ 1 24 20 72 86.0 662 -10,254 13/ 1 24  20 72 86.0 662 -26,294 

927 13/ 1 24 20 72 86.0 1,391 -21,546 13/ 1 24  20 72 86.0 1,391 -55,250 

927 24 20 72 86.0 1,391 -21,546 24  20 72 86.0 1,391 -55,250 

927 13/ 1 24 20 72 86.0 1,391 -21,546 13/ 1 24  20 72 86.0 1,391 -55,250 

400 13/ 1 24 20 72 86.0 600 -9,2S4 13/ 1 24  20 72 86.0 600 -23,832 

400 24 20 72 86.0 600 -9,294 24  20 72 86.0 600 -23,832 

400 13/ 1 24 20 72 86.0 600 -9,294 13/ 1 24  20 72 86.0 600 -23,832 

294 13/ 1 24 20 72 86.0 531 -8,225 13/ 1 24  20 72 86.0 531 -21,091 

294 24 20 72 86.0 531 -8,225 24  20 72 86.0 531 -21,091 

294 13/ 1 24 20 72 86.0 531 -8,225 13/ 1 24  20 72 86.0 531 -21,091 

273 13/ 1 24 20 72 86.0 474 -7,342 13/ 1 24  20 72 86.0 474 -18,827 

273 24 20 72 86.0 474 -7,342 24  20 72 86.0 474 -18,827 

273 13/ 1 24 20 72 86.0 474 -7,342 13/ 1 24  20 72 86.0 474 -18,827 

1,695 13/ 1 24 20 72 86.0 2,543 -39,390 13/ 1 24  20 72 86.0 2,543 -101,00* 

1,695 24 20 72 86.0 2,543 -39,390 24  20 72 86.0 2,543 -101,OOi 

1,695 13/ 1 24 20 72 86.0 2,543 -39,390 13/ 1 24  20 72 86.0 2,543 -101,00" 

1,968 13/ 1 24 20 72 86.0 2,952 -45,725 13/ 1 24  20 72 86.0 2,952 -117,25: 

1,968 24 20 72 86.0 2,952 -45.72S 24  20 72 86.0 2,952 -117,25: 

1,968 13/ 1 24 20 72 86.0 2,952 -45,725 13/ 1 24  20 72 86.0 2,952 -117,25: 

879 13/ 1 24 20 72 86.0 1,319 -20,431 13/ 1 24  20 72 86.0 1,319 -52,39« 

879 24 20 72 86.0 1,319 -20,431 24  20 72 86.0 1,319 -52,39< 

879 13/ 1 24 20 72 86.0 1,319 -20,431 13/ 1 24  20 72 86.0 1,319 -52,391 

252 13/ 1 24 20 72 86.0 378 -5,855 13/ 1 24  20 72 86.0 378 -15,01. 

252 24 20 72 86.0 378 -5,855 24  20 72 86.0 378 -15,01- 

252 13/ 1 24 20 72 86.0 378 -5,855 13/ 1 24  20 72 86.0 378 -15,01 

405 13/ 1 24 20 72 86.0 608 -9,418 13/ 1 24  20 72 86.0 608 -24,15 

405 24 20 72 86.0 608 -9,418 24  20 72 86.0 608 -24,15 

405 13/ 1 24 20 72 86.0 608 -S.418 13/ 1 24  20 72 86.0 608 -24,15 

7,534 24 20 72 86.0 11,458 -177,480 24  20 72 86.0 11,458 -455,10 

7,534 13/ 1 24 20 72 86.0 11,458 -177,479 13/ 1 24  20 72 86.0 11,458 -455,10 

4,644 13/ 1 24 20 72 86.0 2,994 -46,376 13/ 1 24  20 72 86.0 2,994 -99,37 

4,644 24 20 72 86.0 2,994 -46,376 24  20 72 86.0 2,994 -99,37 

4,644 13/ 1 24 20 72 86.0 2,994 -46,376 13/ 1 24  20 72 86.0 2,994 -99,37 

1,980 13/ 1 24 20 72 86.0 1,304 -20,198 13/ 1 24  20 72 86.0 1,304 -43,28 

1,980 24 20 72 86.0 1,304 -20,196 24  20 72 86.0 1,304 -43,28 

1,980 13/ 1 24 20 72 86.0 1,304 -20,198 13/ 1 24  20 72 86.0 1,304 -43,28 

4,968 13/ 1 24 20 72 86.0 2,121 -32,853 13/ 1 24  20 72 86.0 2,121 -70,4C 

4,968 24 20 72 86.0 2,121 -32,853 24  20 72 86.0 2,121 -70,4t 

4,968 13/ 1 24 20 72 86.0 2,121 -32,853 13/ 1 24  20 72 86.0 2,121 -70,4C 

5,244 13/ 1 24 20 72 86.0 2,239 -34,681 13/ 1 24  20 72 86.0 2,239 -74,33 

5,244 24 20 72 86.0 2,239 -34,681 24  20 72 86.0 2,239 -74,33 

5,244 13/ 1 24 20 72 86.0 2,239 -34,681 13/ 1 24  20 72 86.0 2,239 -74,33 

756 13/ 1 24 20 72 86.0 

332 
475 -7,358 13/ 1 24  20 72 86.0 475 -15,7« 



2 one 

Zone 

System 

15  Tota.l/Ave. 

15  Block 

2  Total/Ave. 

756 

75« 

17,592 

24     20     72       86.0 

13/   1     24     20     72       86.0 

24     20     72        86.0 

475 -7,358 24 

47S -7,358     13/   1     24 

9,133        -141,466 24 

20 72 86.0 475 -15,7*6 

20 72 86.0 475 -15,766 

20 72 86.0 9,133 -303,142 
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MAIN SYSTEM HEATING - ALTERNATIVE 1 

BASELINE MODEL 

PEAK        HEATING        LOADS 

(Main  SyBtem) 

Peak OA Rm Supp. Space Space Peak OA Rm Supp. Coil Coil 

Floor Time Cond.  Dry Dry Air Sens. Time Cond.  Dry Dry Air Sens. 

Room Area Mo/Hr DB/WB Bib Bulb Flow Load Mo/Hr DB/WB  Bib Bulb Flow Load 

Number Description (Sq Ft) (F) (F) <F) (Cfm) (Btuh.) (F)  <F) (F) (Cfm) (Btuh) 

System 2 Block 17,592 13/ 1 24 20 72 86.0 9,133 -141,466 13/ 1 24 20 72 86.0 9,133 -303,142 

16 KIT ADHIN 1,032 13/ 1 24 20 72 100.0 434 -13,445 13/ 1 24 20 72 100.0 434 -19,207 

Zone 16 Total/Ave. 1,032 24 20 72 100.0 434 -13,445 24 20 72 100.0 434 -19,207 

Zone 16 Block 1,032 13/ 1 24 20 72 100.0 434 -13,445 13/ 1 24 20 72 100.0 434 -19,207 

17 FOOD PRE 1,828 13/ 1 24 20 72 100.0 887 -27,479 13/ 1 24 20 72 98.3 887 -37,548 

Zone 17 Total/Ave. 1,828 24 20 72 100.0 887 -27,479 24 20 72 98.3 887 -37,548 

Zone 17 Block 1,828 13/ 1 24 20 72 100.0 887 -27,479 13/ 1 24 20 72 98.3 887 -37,548 

18 XRAY EXT 5,336 13/ 1 24 20 72 100.0 2,124 -65,800 13/ 1 24 20 72 97.9 2,124 -89,080 

Zone 18 Total/Ave. 5,336 24 20 72 100.0 2,124 -65,800 24 20 72 97.9 2,124 -89,080 

Zone 18 Block 5,336 13/ 1 24 20 72 100.0 2,124 -65,800 13/ 1 24 20 72 97.9 2,124 -89,080 

19 XRAY INT 2,352 13/ 1 24 20 72 100.0 1,640 -50,806 13/ 1 24 20 72 101.5 1,640 -69,116 

Zone 19 Total/Ave. 2,352 24 20 72 100.0 1,640 -50,806 24 20 72 101.5 1,640 -69,116 

Zone 19 Block 2,352 13/ 1 24 20 72 100.0 1,640 -50,806 13/ 1 24 20 72 101.5 1,640 -69,116 

20 PHI THER 4,404 13/ 1 24 20 72 100.0 1,664 -51,549 13/ 1 24 20 72 97.8 1,664 -69,606 

Zone 20 Total/Ave. 4,404 24 20 72 100.0 1,664 -51,549 24 20 72 97.8 1,664 -69,606 

Zone 20 Block 4,404 13/ 1 24 20 72 100.0 1,664 -51,549 13/ 1 24 20 72 97.8 1,664 -69,606 

21 ADMIN 1,790 13/ 1 24 20 72 100.0 1,214 -37,609 13/ 1 24 20 72 98.7 1,214 -47,906 

Zone 21 Total/Ave. 1,790 24 20 72 100.0 1,214 -37,609 24 20 72 98.7 1,214 -47,906 

Zone 21 Block 1,790 13/1 24 20 72 100.0 1,214 -37,609 13/ 1 24 20 72 98.7 1,21« -47,906 

22 SUR.CLINIC 3,116 13/ 1 24 20 72 100.0 1,421 -44,021 13/ 1 24 20 72 98.2 1,421 -59,989 

Zone 22 Total/Ave. 3,116 24 20 72 100.0 1,421 -44,021 24 20 72 98.2 1,421 -59,985 

Zone 22 Block 3,116 13/ 1 24 20 72 100.0 1,421 -44,021 13/ 1 24 20 72 98.2 1,421 -59,985 

23 SOR.CLINIC 5,822 13/ 1 24 20 72 100.0 3,555 -110,131 13/ 1 24 20 72 101.7 3,555 -157,091 

Zone 23 Total/Ave. 5,822 24 20 72 100.0 3,555 -110,131 24 20 72 101.7 3,555 -157,093 

Zone 23 Block 5,822 13/ 1 24 20 72 100.0 3,555 -110,131 13/ 1 24 20 72 101.7 3,555 -157,093 

24 HECH 1,072 13/ 1 24 20 72 100.0 353 -10,936 13/ 1 24 20 72 100.4 353 -15,76{ 

Zone 24 Total/Ave. 1,072 24 20 72 100.0 353 -10,936 24 20 72 100.4 353 -15,76f 

Zone 24 Block 1,072 13/ 1 24 20 72 100.0 353 -10,936 13/ 1 24 20 72 100.4 353 -15,76t 

25 E.R.AC10 3,915 13/ 1 24 20 72 100.0 3,800 -117,721 13/ 1 24 20 72 101.1 3,800 -144, BO: 

Zone 25 Total/Ave. 3,915 24 20 72 100.0 3,800 -117,721 24 20 72 101.1 3,800 -144,80" 

Zone 25 Block 3,915 13/ 1 24 20 72 100.0 3,800 -117,721 13/ 1 24 20 72 101.1 3,800 -144,so: 

System 3 Total/Ave. 30,667 24 20 72 100.0 17,092 -529,496 24 20 72 99.9 17,092 -710,111 

System 3 Block 30,667 13/ 1 24 20 72 100.0 17,092 -529,495 13/ 1 24 20 72 99.9 17,092 -74S,67: 

26 ADMIN 2,964 13/ 1 24 20 72 100.0 1,939 -60,069 13/ 1 24 20 72 100.0 1,939 -85,81: 

Zone 26 Total/Ave. 2,964 24 20 72 100.0 1,939 -60,069 24 20 72 100.0 1,939 -85,81; 

Zone 26 Block 2,964 13/ 1 24 20 72 100.0 1,939 -60,069 13/ 1 24 20 72 100.0 1,939 -85,81 

27 DENT EXT 1,210 13/ 1 24 20 72 100.0 2,417 -74,877 13/ 1 24 20 72 100.0 2,417 -83,19 

Zone 27 Total/Ave. 1,210 24 20 72 100.0 2,417 -74,877 24 20 72 100.0 2,417 -83,19 

Zone 27 Block 1,210 13/ 1 24 20 72 100.0 2,417 -74,877 13/ 1 24 20 72 100.0 2,417 -83,19 

28 DENT INT 5,899 13/ 1 24 20 72 100.0 3,182 -98,576 13/ 1 24 20 72 98.3 3,182 -134,93 

Zone 28 Total/Ave. 5,899 24 20 72 100.0 3,182 -98,576 24 20 72 98.3 3,182 -134,93 

Zone 28 Block 5,899 13/ 1 24 20 72 100.0 3,182 -98,576 13/ 1 24 20 72 98.3 3,182 -134,93 

29 EENT EXT 1,S12 13/ 1 24 20 72 100.0 1,061 -32,869 13/ 1 24 20 72 101.4 1,061 -48,59 

Zone 29 Total/Ave• 1,512 24 20 72 100.0 1,061 -32,869 24 20 72 101.4 1,061 -48,59 

Zone 29 Block 1.S12 13/ 1 24 20 72 100.0 1,061 -32,869 13/ 1 24 20 72 101.4 1,061 -48,59 



30 EEHT IHT 3,69« 13/ 1 24 20 72 100.0 1,996 -61,834 13/ 1 24 20 72 101.8 1,996 -92,342 
Zone 30 Total/Ave. 3,69« 24 20 72 100.0 1,996 -61,834 24 20 72 101.8 1,996 -92,342 
Zone 30 Block 3,696 13/ 1 24 20 72 100.0 1,996 -61,834 13/ 1 24 20 72 101.8 1,996 -92,342 
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MAIN 8YSTEM HEATING - ALTERNATIVE 1 

BASELINE MODEL 

PEAK        HEATING        LOADS 

(Main System) 

Peak OA Rm Supp. Space Space Peak OA Rm Supp. Coil Coil 

Floor Time Cond. Dry Dry Air Sens. Time Cond. Dry Dry Air Sens. 

Room Area Mo/Hr DB/WB Bib Bulb Flow Load Mo/Hr DB/WB Bib Bulb Flow Load 

Number Description (Sq Ft) ( F) <F) <F) (Cfm) (Btub) <F) (F) (F) (Cfm) (Btub) 

31 AREA S 3,240 13/ 1 24 20 72 100.0 1,506 -46,655 13/ 1 24 20 72 102.1 1,506 -70,160 

Zone 31  Total/Ave. 3,240 24 20 72 100.0 1,506 -46,655 24 20 72 102.1 1,506 -70,160 

Zone 31  Block 3,240 13/ 1 24 20 72 100.0 1,506 -46,655 13/ 1 24 20 72 102.1 1,506 -70,160 

32 DINING 1,734 13/ 1 24 20 72 100.0 3,406 -105,S15 13/ 1 24 20 72 99.5 3,406 -115,672 

Zone 32  Total/Ave. 1,734 24 20 72 100.0 3,406 -105,515 24 20 72 99.5 3,406 -115,672 

Zone 32  Block 1,734 13/ 1 24 20 72 100.0 3,406 -105,515 13/ 1 24 20 72 99.5 3,406 -115,672 

System 4  Total/Ave. 20,255 24 20 72 100.0 15,507 -480,394 24 20 72 100.1 15,507 -630,718 

System 4  Block 20,255 13/ 1 24 20 72 100.0 15,507 -480,393 13/ 1 24 20 72 100.1 15,507 -677,456 

33 AC8 NORT 1,579 13/ 1 24 20 72 86.0 1,750 -27,107 13/ 1 24 20 72 86.0 1,750 -30,582 

Zone 33  Total/Ave. 1,579 24 20 72 86.0 1,750 -27,107 .24 20 72 86.0 1,750 -30,582 

Zone 33  Block 1,579 13/ 1 24 20 72 86.0 1,750 -27,107 13/ 1 24 20 72 86.0 1,750 -30,582 

34 AC8 EAST 2,367 13/ 1 24 20 72 86.0 2,787 -43,169 13/ 1 24 20 72 86.0 2,787 -47,977 

Zone 34  Total/Ave. 2,367 24 20 72 86.0 2,787 -43,169 24 20 72 86.0 2,787 -47,977 

Zone 34  Block 2,367 13/ 1 24 20 72 86.0 2,787 -43,169 13/ 1 24 20 72 86.0 2,787 -47,977 

35 AC7 SO 4,967 13/ 1 24 20 72 86.0 5,033 -77,959 13/ 1 24 20 72 86.0 5,033 -89,948 

Zone 35  Total/Ave. 4,967 24 20 72 86.0 5,033 -77,959 24 20 72 86.0 5,033 -89,948 

Zone 35  Block 4,967 13/ 1 24 20 72 86.0 5,033 -77,959 13/ 1 24 20 72 86.0 5,033 -89,948 

36 AC8 SO 2,268 13/ 1 24 20 72 86.0 3,273 -50,697 13/ 1 24 20 72 86.0 3,273 -53,908 

Zone 36  Total/Ave. 2,268 24 20 72 86.0 3,273 -50,697 24 20 72 86.0 3,273 -53,908 

Zone 36  Block 2,268 13/ 1 24 20 72 86.0 3,273 -50,697 13/ 1 24 20 72 86.0 3,273 -53,908 

37 AC7 WEST 1,772 13/ 1 24 20 72 86.0 2,571 -39,824 13/ 1 24 20 72 86.0 2,571 -42,308 

Zone 37  Total/Ave. 1,772 24 20 72 86.0 2,571 -39,824 24 20 72 86.0 2,571 -42,308 

Zone 37  Block 1,772 13/ 1 24 20 72 86.0 2,571 -39,824 13/ 1 24 20 72 86.0 2,571 -42,308 

38 AC7 INT 13,657 13/ 1 24 20 72 86.0 11,929 -184,775 13/ 1 24 20 72 86.0 11,929 -222,137 

Zone 38  Total/Ave. 13,657 24 20 72 86.0 11,929 -184,775 24 20 72 86.0 11,929 -222,137 

Zone 38  Block 13,657 13/ 1 24 20 72 86.0 11,929 -184,775 13/ 1 24 20 72 86.0 11,929 -222,137 

39 AC8 INT 15,184 13/ 1 24 20 72 86.0 12,507 -193,728 13/ 1 24 20 72 86.0 12,507 -237,057 

Zone 39  Total/Ave. 15,184 24 20 72 86.0 12,507 -193,728 24 20 72 86.0 12,507 -237,057 

Zone 39  Block 15,184 13/ 1 24 20 72 86.0 12,507 -193,728 13/ 1 24 20 72 86.0 12,507 -237,057 

System 5  Total/Ave. 41,794 24 20 72 86.0 39,850 -617,260 24 20 72 86.0 39,850 -723,917 

System 5  Block 41,794 13/ 1 24 20 72 86.0 39,850 -617,259 13/ 1 24 20 72 86.0 39,850 -723,917 

40 AC9 LAB 8,039 13/ 1 24 20 72 86.0 9,026 -139,809 13/ 1 24 20 72 86.0 9,026 -279,618 

Zone 40  Total/Ave. 8,039 24 20 72 86.0 9,026 -139,809 24 20 72 86.0 9,026 -279,618 

Zone 40  Block 8,039 13/ 1 24 20 72 86.0 9,026 -139,809 13/ 1 24 20 72 86.0 9,026 -279,618 

System 6  Total/Ave. 8,039 24 20 72 86.0 9,026 -139,809 24 20 72 86.0 9,026 -279,618 

System 6  Block 8,039 13/ 1 24 20 72 86.0 9,026 -139,809 13/ 1 24 20 72 86.0 9,026 -279,618 

41 WEST CMS 4,776 13/ 1 24 20 72 86.0 4,592 -71,128 13/ 1 24 20 72 86.0 4,592 -106,728 

Zone 41 Total/Ave. 4,776 24 20 72 86.0 4,592 -71,128 24 20 72 86.0 4,592 -106,728 

Zone 41  Block 4,776 13/ 1 24 20 72 86.0 4,592 -71,128 13/ 1 24 20 72 86.0 4,592 -106,728 

42 ACH WES 3,671 13/ 1 24 20 72 86.0 3,884 -60,162 13/ 1 24 20 72 86.0 3,884 -85,810 

Zone 42  Total/Ave. 3,671 24 20 72 86.0 3,884 -60,162 24 20 72 86.0 3,884 -85,810 

Zone 42  Block 3,671 13/ 1 24 20 72 86.0 3,884 -60,162 13/ 1 24 20 72 86.0 3,884 -85,810 

43 AC14 WES 1,763 13/ 1 24 20 72 86.0 2,056 -31,847 13/ 1 24 20 72 86.0 2,056 -43,215 

Zone 43  Total/Ave. 1,763 24 20 72 86.0 2,056 -31,847 24 20 72 86.0 2,056 -43,215 

Zone 43  Block 1,763 13/ 1 24 20 72 86.0 

336 
2,056 -31,847 13/ 1 24 20 72 86.0 2.0S6 -43,215 



44 AC13 soo 1,798 13/ 1 24 20 72 86.0 2,409 

Zone 44 Total/Ave. 1,798 24 20 72 86.0 2,409 

Zone 44 Block 1,798 13/ 1 24 20 72 86.0 2,409 

-37,314  13/ 1  24  20  72   86.0 

-37,314 24  20  72   86.0 

-37,314  13/ 1  24  20  72   86.0 

2,409 -47,380 

2,409 -47,380 

2,409 -47,380 
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HAIN SYSTEM HEATING 

BASELINE MODEL 

ALTERNATIVE 1 

HEATING        LOADS 

(Main System) 

Peak OA Rm Supp. Space Space Peak OA Rm Supp. Coil Coil 

Floor Time Cond. Dry Dry Air Sena. Time Cond.  Dry Dry Air Sens. 

Room Area Mo/Hr DB/WB Bib Bulb Flow Load Mo/Hr DB/HB  1 Bib Bulb Flow Load 

Number Description (Sq Ft) ( F) (F) <F) (Cfm) (Btuh) (F) (F) (F) (Cfm) (Btuh] 

45 AC11 EAS 3,067 13/ 1 24 20 72 86.0 2,898 -44,889 13/ 1 24 20 72 86.0 2,898 -68,015 

Zone 45 Total/Ave. 3,067 24 20 72 86.0 2,898 -44,889 24 20 72 86.0 2,898 -68,015 

Zone 45 Block 3,067 13/ 1 24 20 72 86.0 2,898 -44,889 13/ 1 24 20 72 86.0 2,898 -68,015 

46 AC14 EAS 6,380 13/ 1 24 20 72 86.0 6,608 -102,355 13/ 1 24 20 72 86.0 6,608 -147,591 

Zone 46 Total/Ave- 6,380 24 20 72 86.0 6,608 -102,355 24 20 72 86.0 6,608 -147,593 

Zone 46 Block 6,380 13/ 1 24 20 72 86.0 6,608 -102,355 13/ 1 24 20 72 86.0 6,608 -147,593 

47 AC13 EAS 5,310 13/ 1 24 20 72 86.0 2,130 -32,993 13/ 1 24 20 72 86.0 2,130 -70,677 

Zone 47 Total/Ave. 5,310 24 20 72 86.0 2,130 -32,993 24 20 72 86.0 2,130 -70,677 

Zone 47 Block 5,310 13/ 1 24 20 72 86.0 2,130 -32,993 13/ 1 24 20 72 86.0 2,130 -70,67" 

48 AC11 INT 4,485 13/ 1 24 20 72 86.0 3,802 -58,891 13/ 1 24 20 72 86.0 3,802 -94,8«: 

Xone 48 Total/Ave. 4,485 24 20 72 86.0 3,802 -58,891 24 20 72 86.0 3,802 -94,8«; 

Zone 48 Block 4,485 13/ 1 24 20 72 86.0 3,802 -58,891 13/ 1 24 20 72 86.0 3,802 -94,8«! 

49 AC14 INT 5,828 13/ 1 24 20 72 86.0 5,267 -81,584 13/ 1 24 20 72 86.0 5,267 -126,661 

Zone 49 Total/Ave. 5,828 24 20 72 86.0 5,267 -81,584 24 20 72 86.0 5,267 -126,66! 

Zone 49 Block 5,828 13/ 1 24 20 72 86.0 5,267 -81,584 13/ 1 24 20 72 86.0 5,267 -126,66! 

50 AC13 INT 7,562 13/ 1 24 20 72 86.0 7,187 -111,324 13/ 1 24 20 72 86.0 7,187 -168,09! 

Zone 50 Total/Ave. 7,562 24 20 72 86.0 7,187 -111,324 24 20 72 86.0 7,187 -168,09! 

Zone 50 Block 7,562 13/ 1 24 20 72 86.0 7,187 -111,324 13/ 1 24 20 72 86.0 7,187 -168,09! 

System 7 Total/Ave. 44,640 24 20 72 86.0 40,833 -632,486 24 20 72 86.0 40,833 -959,034 

System 7 Block 44,640 13/ 1 24 20 72 86.0 40,833 -632,486 13/ 1 24 20 72 86.0 40,833 -975,35: 

51 AC17 WES 1,119 13/ 1 24 20 72 86.0 1,332 -20,632 13/ 1 24 20 72 86.0 1,332 -25,11* 

Zone 51 Total/Ave. 1,119 24 20 72 86.0 1,332 -20,632 24 20 72 86.0 1,332 -25,11< 

Zone 51 Block 1,119 13/ 1 24 20 72 86.0 1,332 -20,632 13/ 1 24 20 72 86.0 1,332 -25,11« 

52 AC17 NOR 3,295 13/ 1 24 20 72 86.0 4,370 -67,689 13/ 1 24 20 72 87.2 4,370 -85,4a 

Zone 52 Total/Ave. 3,295 24 20 72 86.0 4,370 -67,689 24 20 72 87.2 4,370 -85,40 

Zone 52 Block 3,295 13/ 1 24 20 72 86.0 4,370 -67,689 13/ 1 24 20 72 87.2 4,370 -85,4* 

53 AC17 INT 9,055 13/ 1 24 20 72 86.0 9,612 -148,886 13/ 1 24 20 72 87.5 9,612 -204,72 

Zone 53 Total/Ave. 9,055 24 20 72 86.0 9,612 -148,886 24 20 72 87.5 9,612 -204,72 

Zone 53 Block 9,055 13/ 1 24 20 72 86.0 9,612 -148,886 13/ 1 24 20 72 87.5 9,612 -204,72 

54 AC16 INT 3,278 13/ 1 24 20 72 86.0 1,130 -17,503 13/ 1 24 20 72 77.8 1,130 -23,67 

Zone 54 Total/Ave. 3,278 24 20 72 86.0 1,130 -17,503 24 20 72 77.8 1,130 -23,67 

Zone 54 Block 3,278 13/ 1 24 20 72 86.0 1,130 -17,503 13/ 1 24 20 72 77.8 1,130 -23,67 

55 AC16 NOR 680 13/ 1 24 20 72 86.0 298 -4,616 13/ 1 24 20 72 79.6 298 -6,71 

Zone SS Total/Ave. 680 24 20 72 86.0 298 -4,616 24 20 72 79.6 298 -6,71 

Zone 55 Block 680 13/ 1 24 20 72 86.0 298 -4,616 13/ 1 24 20 72 79.6 298 -6,71 

56 AC16 8,368 13/ 1 24 20 72 86.0 2,187 -33,876 13/ 1 24 20 72 75.3 2,187 -39,57 

Zone 56 Total/Ave. 8,368 24 20 72 86.0 2,187 -33,876 24 20 72 75.3 2,187 -39,57 

Zone 56 Block 8,368 13/ 1 24 20 72 86.0 2,187 -33,876 13/ 1 24 20 72 75.3 2,187 -39,57 

57 AC18 1,170 13/ 1 24 20 72 86.0 1,633 -25,294 13/ 1 24 20 72 87.2 1,633 -31,34 

Zone 57 Total/Ave. 1,170 24 20 72 86.0 1,633 -25,294 24 20 72 87.2 1,633 -31,34 

Zone 57 Block 1,170 13/ 1 24 20 72 86.0 1,633 -25,294 13/ 1 24 20 72 87.2 1,633 -31,34 

System 8 Total/Ave. 26,965 24 20 72 86.0 20,562 -318,497 24 20 72 85.4 20,562 -416,54 

System 8 Block 26,965 13/ 1 24 20 72 86.0 20,562 -318,496 13/ 1 24 20 72 85.4 20,562 -446,1C 
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SYSTEM PSYCHROMETRICS - ALTERNATIVE 1 

BASELINE MODEL 

PSYCHROME STATE  POINTS 

System 

Space 

Main System 

Return Air Heat Pickup 

Return Pan 

Return Air 

Outdoor Air 

Return/Outdoor Air Mix 

Blow through Fan 

Entering Coil 

Leaving Coil 

Draw Through Fan 

Duct Frictional Beat 

Supply Duct Beat Gain 

Cold Deck Supply Air 

Supply Air 

»Percent Outside Air 

Sensible Heat Ratio (SHR) 

Percent Supply Air Bypassing Coil 

Coil Airflow 

Dry 

Bulb 

(F) 

72.0 

Wet 

Bulb 

(F) 

58.0 

Relat. 

Humid. 

(*) 
42.5 

72.5 58.2 41.8 50.1 25.2 

94.9 80.7 54.8 138.0 44.5 

94.9 80.7 54.8 138.0 44.5 

95.4 80.9 54.0 138.0 44.7 

48.5 47.4 92.3 47.2 19.0 

Humid. Teap. 

Ratio Enthalpy Diff. 

(GR) (Btu/Lb) (F) 

50.1    25.1 

0.0 

0.5 

0.5 

0.0 

1.6 

0.0 

50.1             48.3 88.0 47.7 19.4 

53.5             49.8 77.6 47.7 20.2 

100.00      (t) 

0.926 

15.51     (%) 

9,681     (Cfm) 
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SYSTEM PSYCHROKETRICS - ALTERNATIVE 1 

BASELINE MODEL 

PSYCHROMETRIC   STATE  POINTS 

System 

Space 

Hain System 

Return Air Heat Pickup 

Return Fan 

Return Air 

Outdoor Air 

Return/Outdoor Air Mix 

Blow through Fan 

Entering Coil 

Leaving Coil 

Draw Through Fan 

Duct Frictional Heat 

Supply Duct Heat Gain 

Cold Deck Supply Air 

Supply Air 

Percent Outside Air 

Sensible Heat Ratio (SHR) 

Percent Supply Air Bypassing Coil 

Coil Airflow 

Dry Wet Relat. Humid. Temp- 

Bulb Bulb Humid. Ratio Enthalpy Diff. 

(F) (F) <»> (GR) (Btu/Lb) (F) 

72.0 61.1 53.9 63.8 27.2 

0.0 

1.1 

73.1 61.5 52.0 63.8 27.S 

94.0 80.4 56.1 137.2 44.2 

94.0 80.4 56.1 137.2 44.2 

0.0 

94.0 80.4 56.1 137.2 44.2 

53.9 52.7 92.5 57.9 21.9 

o.s 
1.6 

0.0 

56.0 53.6 85.8 57.9 22.4 

56.0 53.6 85.8 57.9 22.4 

100 .00  {%) 

0. 882 

0 .00  (%) 

9. 133  (Cfm) 

340 



Trane Air Conditioning Economic« 

Byi ENGINEERING RESOURCE GROUP, MC. 

V 600 

PAGE   3 

SYSTEM PSYCHROMETRICS - ALTERNATIVE 1 

BASELINE MODEL 

PSYCHROMETRIC   STATE  POINTS 

System 

Space 

Main System 

Return Air Heat Pickup 

Return Fan 

Return Air 

Outdoor Air 

Return/Outdoor Air Mix 

Blow through Fan 

Entering Coil 

Leaving Coil 

Draw Through Fan 

Duct Friction«! Heat 

Supply Duct Beat Gain 

Cold Deck Supply Air 

Supply Air 

I Percent Outside Air 

Sensible Heat Ratio (SHR) 

Percent Supply Air Bypassing Coil 

Coil Airflow 

Dry Wet Relat. 

Sulb Bulb Humid. 

<n <n (*) 
2.0 62.5 S9.1 

72.0 62.5 59.1 70.0 28.2 

94.9 80.7 54.8 138.0 44.5 

78.9 68.8 60.4 90.4 33.1 

79.6 69.0 59.0 90.4 33.3 

57.8 56.8 94.1 68.0 24.4 

Humid. Temp. 

Ratio Enthalpy Dif f. 

<GR) (Btu/Lb) (F) 

70.0    28.2 

0.0 

0.0 

0.7 

0.0 

2.2 

0.0 

60.0            57 .6 87.1 68.0 25.0 

60.0            57 .6 87.1 68.0 25.0 

29.98 (t) 
0.852 

0.00 (*) 
17,092 <Cfm) 
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SYSTEM PSYCHROMETRICS - ALTERNATIVE 1 

BASELINE MODEL 

PSYCHROMETRIC   STATE  POINTS 

System 

Space 

Main System 

Return Air Heat Pickup 

Return Fan 

Return Air 

Outdoor Air 

Return/Outdoor Air Mix 

Blow through Fan 

Entering Coil 

Leaving Coil 

Draw Through Fan 

Duct Fractional Heat 

Supply Duct Heat Gain 

Cold Deck Supply Air 

Supply Air 

kPercent Outside Air 

'Sensible Heat Ratio (SHR) 

Percent Supply Air Bypassing Coil 

Coil Airflow 

Dry 

Bulb 

(*> 
72.0 

Wet Relat. 

Bulb Humid. 

(F) <%) 

63.0 61.1 

72.0 63.0 61.1 72.4 28.6 

94.9 80.7 54.8 138.0 44.5 

78.4 68.7 61.6 90.8 33.0 

79.0 68.9 60.5 90.8 33.2 

S8.4 57.3 93.9 69.2 24.8 

Humid. Temp. 

Ratio Enthalpy Diff. 

(GR) (Btu/Lb) (F) 

72.4     28.6 

0.0 

0.0 

0.5 

0.0 

1.6 

0.0 

60.0     57 .9 88.7 69.2 25.2 

60.0     57 .9 88.7 69.2 25.2 

28.14 (*) 
0.828 

0.00 (t) 
15,507 (Cfm) 
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SYSTEM PSYCHROHETRICS - ALTERNATIVE 1 

BASELINE MODEL 

PSYCHROHE STATE  POINTS 

System 

Space 

Hain System 

Return Air Heat Pickup 

Return Fan 

Return Air 

Outdoor Air 

Return/Outdoor Air Mix 

Blow through Fan 

Entering Coil 

Leaving Coil 

Draw Through Fan 

Duct Fractional Beat 

Supply Duct Beat Gain 

Cold Deck Supply Air 

Supply Air 

I Percent Outside Air 

Sensible Beat Ratio (SER) 

Percent Supply Air Bypassing Coil 

Coil Airflow 

Dry 

Bulb 

{F> 

72.0 

Wet 

Bulb 

(E) 

59.8 

Relat. Humid. Tesnp- 

Humid. Ratio Enthalpy Diff. 

O) (GR) (Btu/Lb) (F) 

49.1 58.0     26.3 

-O.0 

0.6 

72.6 60.1 48.1 58.0 26.5 

94.9 80.7 54.8 138.0 44.5 

74.7 62.4 50.5 65.5 28.2 

0.5 

75.2 62.6 49.7 65.5 28.3 

52.5 51.1 91.4 54.2 21.0 

0.0 

1.6 

0.0 

54.0 52.3 89.6 S6.2 21.7 

57.8 53.9 

9.36  (%) 

0.923 

17.91  (») 

78.1 56.2 22.6 

32,714  (Cfm) 
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SYSTEM PSYCHROMETRICS - ALTERNATIVE 1 

BASELINE MODEL 

PSYCHROMETRIC   STATE  POINTS 

System 

Space 

Main System 

Return Air Heat Pickup 

Return Fan 

Return Air 

Outdoor Air 

Return/Outdoor Air Mix 

Blow through Fan 

Entering Coil 

Leaving Coil 

Draw Through Fan 

Duct Frictional Heat 

Supply Duct Heat Gain 

Cold Deck Supply Air 

Supply Air 

Percent Outside Air        ^ 

Sensible Heat Ratio (SHR) 

Percent Supply Air Bypassing Coil 

Coil Airflow 

Dry Wet Relat. 

Bulb Bulb Humid. 

<n (F) (%) 
72.0 63.0 61.3 

Humid. Temp. 

Ratio Enthalpy Diff. 

(GR) <Btu/Lb) (F) 

72.6    28.6 

-0.0 

0.2 

72.2 63.1 60.8 72.6 28.7 

94.9 80.7 54.8 138.0 44.5 

89.3 77.0 57.8 122.0 40.6 

89.5 77.1 57.4 122.0 40.7 

57. 4 57.2 99.1 70.5 24.7 
0.0 

0.6 

0.0 

58.0             57 .5 97.4 70.8 24.9 

58.0            57 .5 97.4 70.8 24.9 

75.45 <%) 
0.908 

0.00 (*) 
9,026 (Cfiu) 
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SYSTEH PSYCHROHETRICS - ALTERNATIVE 1 

BASELINE MODEL 

PSYCHROHETRIC   STATE  POINTS 

System 

Space 

Hain System 

Return Air Heat Pickup 

Return Fan 

Return Air 

Outdoor Air 

Return/Outdoor Air Mix 

Blow through Fan 

Entering Coil 

Leaving Coil 

Draw Through Fan 

Duct Frictional Heat 

Supply Duct Beat Gain 

Cold Deck Supply Air 

Supply Air 

Percent Outside Air 

Sensible Beat Ratio (SBR) 

Percent Supply Air Bypassing Coil 

Coil Airflow 

Dry Wet Relat. 

Bulb Bulb Humid. 

<F) (F) <») 
72.0 59.9 49.5 

72.7 60.2 48.3 58.4 26.6 

94.9 80.7 54.8 138.0 44.5 

78.3 66.3 53.5 78.3 31.0 

79.4 66.6 51.6 78.3 31.3 

52.7 51.9 94.8 56.7 21.4 

Humid. Temp. 

Ratio Enthalpy Diff. 

(GR) (Btu/Lb) (F) 

58.4    26.4 

0.0 

0.7 

1.1 

0.0 

3.3 

0.0 

.0             53.6             85.7 57.8 22.4 

.3             54.1             81.9 57.8 22.7 

24.95      (t) 

0.954 

5.41     (») 

38,626      (Cfm) 
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SYSTEM  PSYCHROMETRICS   -   ALTERNATIVE   1 

BASELINE  MODEL 

PSYCHROMETRIC        STATE     POINTS 

System 

Space 

Main System 

Return Air Heat Pickup 

Return Fan 

Return Air 

Outdoor Air 

Return/Outdoor Air Mix 

Blow through Fan 

Entering Coil 

Leaving Coil 

Draw Through Fan 

Duct Frictional Heat 

Supply Duct Heat Gain 

Cold Deck Supply Air 

Supply Air 

Percent Outside Air 

Sensible Heat Ratio (SHR) 

Percent Supply Air Bypassing Coil 

Coil Airflow 

Dry 

Bulb 

<F) 

72.0 

Wet Relat. Humid. Temp. 

Bulb Humid. Ratio Enthalpy Diff. 

(F) (») (GR) (Btu/Lb) (F) 

61.6 55.9 66.1    27.6 

-0.0 

0.4 

72.4 61.8 55.2 66.1 27.7 

94.9 80.7 54.8 138.0 44.5 

76.6 65.9 57.5 79.4 30.8 

0.7 

77.2 66.1 56.2 79.4 31.0 

S6.9 SS.6 92.6 64.7 23.7 

0.0 

2.0 

0.0 

58. 9 56.5 86.4 64.8 24.2 

60.0 

18 

0. 

8 

56.9 

-52     (%) 

922 

•25     (») 

83.1 64.8 24.5 

18, 866     (Crm) 
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AUXILIARY   PSYCHROHETRICS   -  ALTERKATXVE   1 

BASELINE  MODEL 

PSYCHROMETRIC        STATE     POINTS 

Space 

Auxiliary System 

Blow through Fan 

Entering Coil 

Leaving Coil 

Draw Through Fan 

Duct Frictional Heat 

Supply Air 

Dry Wet Relat. Humid. Tesap. 

Bulb Bulb Humid. Ratio Enthalpy Diff. 

<F) <F) (%) (GR) (Btu/Lb) (F) 

72.0 €0.0 49.8 58.9 26.5 

72.1     60.1     49.6     58.9     26.5 

55.8     53.7     87.8     58.9     22.5 

56.0    53.8     87.2     58.9     22.6 

0.0 

0.2 

Sensible Heat Ratio (SHR) 

Coil Airflow 

1.000 

992     (Cfm) 

• THE PSYCHROMETRIC LOOP DID NOT CLOSE  * 

• SUPPLY AIR TEMPERATURE RESET * 

 PSYCHROMETRIC       STATE     POINTS 

Room 12 

Space 

Auxiliary System 

Blow through Fan 

Entering Coil 

Leaving Coil 

Draw Through Fan 

Duct Frictional Heat 

Supply Air 

Dry Wet Relat. Humid. Teoep. 

Bulb Bulb Humid. Ratio Enthalpy Diff. 

<F) (F) (*) (GR) (Btu/Lb) (F) 

72.0 60.0 49.8 58.9 26.5 

72.1    60.1     49.6     58.9     26.5 

55.8    53.7     87.8     58.9     22.5 

56.0    53.8     87.2     58.9     22.6 

0.0 

0.2 

Sensible Heat Ratio (SHR) 

Coil Airflow 

1.000 

381  (Cfm) 

• THE PSYCHROMETRIC LOOP DID NOT CLOSE * 

* SUPPLY AIR TSXPERATURE RESET * 
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AUXILIARY  PSYCHROMETRICS   -  ALTERNATIVE   1 

BASELINE   MODEL 

PSYCHROHETRIC       STATE     POINTS  

Room 13 

Space 

Auxiliary System 

Blow through Pan 

Entering Coil 

Leaving Coil 

Draw Through Fan 

Duct Frictional Beat 

Supply Air 

Dry 

Bulb 

(?) 

72.0 

72.1 

SS.8 

Wet Relat. Humid. Temp. 

Bulb Humid. Ratio Enthalpy Diff. 

(F) (*) (GR) (Btu/Lb) (F) 

60.0 49.8 58.9     26.5 

60.1     49.6     58.9    26.5 

53.7     87.8     58.9    22.5 

0.1 

0.0 

0.2 

56.0     53.8     87.2     58.9     22.6 

Sensible Heat Ratio (SHR) 

Coil Airflow 

1.000 

2,764  (Cfm) 

* THE PSYCHROtETRIC LOOP DID HOT CLOSE * 

* SUPPLY AIR TEMPERATURE RESET * 

Room 14 

PSYCHROMETRIC       STATE     POINTS 

Space 

Auxiliary System 

Blow through Fan 

Entering Coil 

Leaving Coil 

Draw Through Fan 

Duct Frictional Heat 

Supply Air 

Sensible Heat Ratio (SHR) 

Coil Airflow 

Dry 

Bulb 

(*> 
72.0 

72.1 

55.8 

Wet Relat. Humid. Temp. 

Bulb Humid. Ratio Enthalpy Diff. 

(F) (t) (GR) (Btu/Lb) (F) 

60.0 49.8 58.9     26.5 

60.1     49.6     58.9    26.5 

53.7     87.8     58.9    22.5 

0.1 

0.0 

0.2 

56.0     53.8     87.2     58.9     22.6 

1.000 

2,918  (Cfm) 

* THB PSYCHROK5SRIC LOOP DID HOT CLOSE * 

* SUPPLY AIR TEMPERATURE RESET * 
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AUXILIARY   PSYCHROMETRICS   -   ALTERNATIVE   1 

BASELINE   MODEL 

PSYCHROHETRIC        STATE     POINTS 

Space 

Auxiliary System 

Blow through Fan 

Entering Coil 

Leaving Coil 

Draw Through Fan 

Duct Frictional Heat 

Supply Air 

Dry Wet Relat. 

Bulb Bulb Humid. 

(F) (?) (*) 
72.0 60.0 49.6 

Humid. Temp. 

Ratio Enthalpy Diff. 

(GR) (Btu/Lb) (F) 

58.9     2«.5 

0.1 

72.1 60.1 49.6 58.9 26.5 

55.8 53.7 87.8 58.9 22.5 

0.0 

0.2 

S6.0 53.8 87.2 58.9 22.6 

Sensible Heat Ratio (SER) 

Coil Airflow 

1.000 

203  (Cfm) 

» THE PSYCHROHETRIC LOOP DID NOT CLOSE 

• SUPPLY AIR TEMPERATURE RESET 

349 



Tran« Air Conditioning Economic» 

By I ENGINEERING RESOURCE GROUP, IÜC. 

BUILDING U-VALUES - ALTERNATIVE 1 

BASELINE MODEL 

BUILDING   U-VALUES 

_ 
B U-Val 

^hr/sqf 

Room 

Mass 

Room 

(Btu t/F) Capac. 

Room Summr Hintr Summr Wintr (lb/ (Btu/ 

Humber Description Part. ExFlr Skylt Skylt Roof Windo Windo Hall Ceil. sqft) sqft/F) 

1 SURGERY1 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.250 0.000 148.0 29.95 

Zone 1  Total/Ave. 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.250 0.000 148.0 29.95 

2 SUR CORR 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.250 0.000 51.1 10.81 

Zone 2  Total/Ave. 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.250 0.000 51.1 10.81 

3 SURGERY2 0.000 0.000 0.000 0.000 0.100 o.ooo 0.000 0.000 0.000 20.9 4.83 

Zone 3  Total/Ave. 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.000 0.000 20.9 4.83 

4 DEL 1 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.250 0.000 179.7 36.23 

Zone 4  Total/Ave. 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.250 0.000 179.7 36.23 

5 DEL 2 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.250 0.000 84.4 17.39 

Zone S  Total/Ave. 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.250 0.000 84.4 17.39 

•'6 LABOR 0.000 o.ooo 0.000 0.000 0.2S0 0.000 0.000 0.000 0.000 20.9 4.83 

Zone 6  Total/Ave. 0.000 0.000 0.000 0.000 0.250 0.000 0.000 0.000 0.000 20.9 4.83 

7 SUR. LOUN 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.100 0.000 48.0 10.19 

Zone 7  Total/Ave. 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.100 0.000 48.0 10.19 

8 NURSERY 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.000 0.000 20.9 4.83 

Zone 8  Total/Ave. 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.000 0.000 20.9 4.83 

9 OB RECOV 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.250 0.000 84.4 17.39 

Zone 9  Total/Ave. 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.2S0 0.000 84.4 17.39 

10 OR RECOV 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.000 0.000 20.9 4.83 

Zone 10  Total/Ave. 0.000 0.000 o.ooo 0.000 0.100 0.000 0.000 0.000 0.000 20.9 4.83 

System 1  Total/Ave. 0.000 0.000 0.000 0.000 0.134 0.000 0.000 0.213 0.000 49.8 10.54 

11 PERIM N. 0.000 0.000 0.000 0.000 0.100 1.130 1.247 0.250 0.000 62.9 13.13 

Zone 11  Total/Ave. 0.000 0.000 0.000 0.000 0.100 1.130 1.247 0.250 o.ooo 62.9 13.13 

12 PERIM. S 0.000 0.000 0.000 0.000 0.100 1.130 1.247 0.250 0.000 79.8 16.47 

Zone 12  Total/Ave. 0.000 0.000 0.000 0.000 0.100 1.130 1.247 0.2SO 0.000 79.8 16.47 

13 INT. N 0.000 o.ooo 0.000 0.000 0.100 0.000 0.000 0.000 0.000 20.9 4.83 

Zone 13  Total/Ave. 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.000 0.000 20.9 4.83 

14 INT. S 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.000 0.000 20.9 4.83 

Zone 14  Total/Ave. 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.000 0.000 20.9 4.83 

15 ICU 0.000 0.000 0.000 0.000 0.100 1.130 1.247 0.250 0.000 73.6 15.26 

Zone 15  Total/Ave. 0.000 0.000 0.000 0.000 0.100 1.130 1.247 0.250 0.000 73.6 15.26 

System 2  Total/Ave. 0.000 0.000 0.000 0.000 0.100 1.130 1.247 0.250 0.000 40.9 8.78 

1« KIT ADMIN 0.000 0.000 0.000 0.000 0.000 0.000 0.000 o.ooo 0.317 13.3 2.67 

Zone 16  Total/Ave. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.317 13.3 2.67 

17 FOOD PRE o.ooo 0.000 0.000 0.000 0.000 0.000 0.000 0.150 0.317 20.6 4.11 

Zone 17  Total/Ave. 0.000 0.000 0.000 0.000 o.ooo 0.000 0.000 0.150 0.317 20.6 4.11 

18 XRAY EXT 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.317 13.3 2.67 

Zone 18 Total/Ave. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.317 13.3 2.67 

19 XRAY INT 0.000 0.000 0.000 0.000 0.050 0.000 0.000 0.150 0.317 76.5 15.82 

Zone 19  Total/Ave. 0.000 0.000 0.000 0.000 0.050 0.000 0.000 0.150 0.317 76.5 15.82 

20 PHY THER 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.317 13.3 2.67 

Zone 20  Total/Ave. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.317 13.3 2.67 

21 ADMIN 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.317 13.3 2.67 

Zone 21  Total/Ave. o.ooo 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.317 13.3 2.67 

22 SUR.CLINIC 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.317 13.3 2.67 



Zone      22  Total/Ave.  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.317     13.3    2.67 

23  SUR.CLINIC        0.000  0.000  0.000  0.000  0.050  0.000  0.000  0.000  0.317     20.9    4.83 

lone      23  Total/Ave.  0.000  0.000  0.000  0.000  0.050  0.000  0.000  0.000  0.317     20.9    4.83 
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BUILDING  U-VALUES   -   ALTERNATIVE   1 

BASELINE   MODEL 

BUILDING        U-VALUES 

Room 

Number       Description 

  Room U-ValueB    

(Btu/hr/sqft/F) 

Summr    Hintr Sunnr    Wintr 

Part.     ExFlr    Sky It     Sky It       Roof    Hindo    Windo Nail    Ceil. 

Room Room 

Hass Capao. 

(lb/ (Btu/ 

sqft) sqft/F) 

24 MECH 0.000 0.000 0.000 0.000 0.050 0.000 0.000 o.ooo 0.317 16.9 3.68 

Zone 24 Total/Ave. 0.000 0.000 0.000 0.000 0.050 0.000 0.000 0.000 0.317 16.9 3.68 

25 E.R.AC10 0.000 0.000 0.000 0.000 0.050 1.130 1.247 0.250 0.317 33.3 7.29 

Zone 25 Total/Ave. 0.000 0.000 0.000 0.000 0.050 1.130 1.247 0.250 0.317 33.3 7.29 

System 3  Total/Ave. 0.000 0.000 0.000 0.000 0.050 1.130 1.247 0.175 0.317 22.7 4.80 

26 ADMIN 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.317 13.3 2.67 

Zone 26 Total/Ave. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.317 13.3 2.67 

27 DENT EXT 0.000 0.000 0.000 0.000 0.050 1.170 1.296 0.2S0 0.317 105.4 21.21 

Zone 27  Total/Ave. 0.000 0.000 0.000 0.000 0.050 1.170 1.296 0.250 0.317 105.4 21.21 

28 DENT INT 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.317 13.3 2.67 

Zone 28 Total/Ave. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.317 13.3 2.67 

29 EENT EXT 0.000 0.000 0.000 0.000 0.050 0.000 0.000 0.150 0.317 95.0 19.49 

Zone 29  Total/Ave. 0.000 0.000 0.000 0.000 0.050 0.000 0.000 0.150 0.317 95.0 19.49 

30 EENT INT 0.000 0.000 o.ooo 0.000 0.050 0.000 0.000 0.000 0.317 20.9 4.83 

Zone 30 Total/Ave. 0.000 0.000 0.000 0.000 0.050 0.000 0.000 0.000 0.317 20.9 4.83 

31 AREA S 0.000 0.000 0.000 0.000 0.050 0.000 0.000 0.000 0.317 20.9 4.83 

Zone 31 Total/Ave. 0.000 0.000 0.000 0.000 0.050 0.000 0.000 0.000 0.317 20.9 4.83 

32 DINING 0.000 0.000 0.000 0.000 0.000 1.170 1.296 0.250 0.317 31.0 6.16 

Zone 32 Total/Ave. 0.000 o.ooo 0.000 0.000 0.000 1.170 1.296 0.250 0.317 31.0 6.16 

System 4 Total/Ave. 0.000 0.000 0.000 0.000 0.050 1.170 1.296 0.205 0.317 29.0 6.07 

33 AC8 NORT 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 120.3 24.82 

Zone 33 Total/Ave. 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 120.3 24.82 

34 AC8 EAST 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 161.1 32.88 

Zone 34 Total/Ave. 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 161.1 32.88 

35 AC7 SO 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 88.7 18.59 

Zone 35 Total/Ave. 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 88.7 18.59 

36 AC8 SO 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 148.9 30.49 

Zone 36  Total/Ave. 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 148.9 30.49 

37 AC7 WEST 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.1S0 0.317 173.6 35.36 

Zone 37 Total/Ave. 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 173.6 35.36 

38 AC7 INT 0.000 0.000 0.000 0.000 0.150 0.000 0.000 0.000 0.317 64.8 13.86 

Zone 38 Total/Ave. 0.000 0.000 0.000 0.000 0.150 0.000 0.000 0.000 0.317 64.8 13.86 

39 AC8 INT 0.000 0.000 0.000 0.000 0.150 0.000 0.000 0.000 0.317 64.8 13.86 

Zone 39 Total/Ave. 0.000 0.000 0.000 0.000 0.150 0.000 0.000 0.000 0.317 64.8 13.86 

System 5 Total/Ave. o.ooo 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 84.4 17.73 

40 AC9 LAB 0.000 0.000 0.000 0.000 0.150 0.000 0.000 0.150 0.317 71.1 15.10 

Zone 40 Total/Ave. 0.000 0.000 o.ooo 0.000 0.150 0.000 0.000 0.150 0.317 71.1 15.10 

System 6 Total/Ave. 0.000 0.000 0.000 0.000 0.150 0.000 0.000 0.150 0.317 71.1 15.10 

41 WEST CMS 0.000 0.000 0.000 0.000 0.150 0.000 0.000 0.150 0.317 84.3 17.71 

Zone 41 Total/Ave. 0.000 0.000 o.ooo 0.000 0.150 0.000 0.000 0.150 0.317 84.3 17.71 

42 AC11 WES 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 88.9 18.62 

Zone 42 Total/Ave. 0.000 o.ooo 0.000 0.000 0.150 0.490 0.511 0.150 0.317 88.9 18.62 

43 AC14 WES 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 132.2 27.17 

Zone 43 Total/Ave. o.ooo 0.000 0.000 0.000 0.1S0 0.490 0.511 0.150 0.317 132.2 27.17 

44 AC13 SOU 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 121.3 2S.02 
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Zone 44     Total/Ave.     0.000     0.000     0.000     0.000     0.150    0.490     0.511     0.150     0.317 121.3       25.02 

45     ACH   EAS 0.000     0.000     0.000     0.000     0.150     0.490     0.511     0.150     0.317 92.1        19.26 

Zone 45     Total/Ave.      0.000     0.000     0.000     0.000     0.150     0.490     0.511     0.150     0.317 92.1        19.26 
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BUILDING U-VALUES 

BASELINE MODEL 

ALTERNATIVE 1 

BUILDING U-VALUES 

(Btu/hr/sqft/F) 

Room 

Mass 

Room 

Capac. 

Room Summr Hintr Summr Hintr (lb/ (Btu/ 

Number Des cription Part. ExFlr Skylt Skylt Roof Hindo Hindo Hall Ceil. sqft) sqft/F) 

46 AC14 EAS 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 78.3 16.53 

Zone 46 Total/Ave. 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 78.3 16.53 

47 AC13 EAS 0.000 0.000 0.000 0.000 0.150 0.000 0.000 0.150 0.317 102.9 21.38 

Zone 47 Total/Ave. 0.000 0.000 o.ooo 0.000 0.150 0.000 0.000 0.150 0.317 102.9 21.38 

48 ACH INT 0.000 0.000 0.000 0.000 0.150 0.000 0.000 0.000 0.317 64.8 13.86 

Zone 48 Total/Ave. 0.000 0.000 0.000 0.000 0.150 0.000 0.000 0.000 0.317 64.8 13.86 

49 AC14 INT o.ooo o.ooo 0.000 0.000 0.150 0.000 0.000 0.000 0.317 64.8 13.86 

Zone 49 Total/Ave. 0.000 0.000 0.000 o.ooo 0.150 o.ooo o.ooo 0.000 0.317 64.8 13.86 

SO AC13 INT 0.000 0.000 0.000 0.000 0.150 0.000 0.000 0.000 0.317 64.8 13.86 

Zone 50 Total/Ave. 0.000 0.000 0.000 0.000 0.150 0.000 0.000 0.000 0.317 64.8 13.86 

System 7 Total/Ave. 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 82.2 17.29 

51 AC17 «ES 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 106.6 22.12 

Zone 51 Total/Ave. 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 106.6 22.12 

52 AC17 NOR o.ooo o.ooo 0.000 0.000 0.150 0.490 0.511 0.150 0.317 125.0 25.76 

Zone 52 Total/Ave. 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 125.0 25.76 

53 AC17 INT 0.000 0.000 0.000 0.000 0.150 0.000 0.000 0.000 0.317 64. 8 13.86 

Zone 53 Total/Ave. o.ooo 0.000 0.000 0.000 0.150 0.000 0.000 0.000 0.317 64.8 13.86 

54 AC16 INT 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.317 13.3 2.67 

Zone 54 Total/Ave. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.317 13.3 2.67 

55 AC16 NOR 0.000 0.000 0.000 0.000 0.000 o.ooo 0.000 0.150 0.317 91.6 18.13 

Zone 55 Total/Ave. 0.000 0.000 0.000 0.000 0.000 0.000 o.ooo 0.150 0.317 91.6 18.13 

56 AC16 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.317 13.3 2.67 

Zone 56 Total/Ave. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.317 13.3 2.67 

57 AC18 0.000 0.000 0.000 0.000 0.150 0.000 0.000 0.150 0.317 117.3 24.23 

Zone 57 Total/Ave. 0.000 o.ooo 0.000 0.000 0.150 0.000 0.000 0.1S0 0.317 117.3 24.23 

System 8 Total/Ave. 0.000 0.000 0.000 0.000 0.150 0.490 0.511 0.150 0.317 54.6 11.38 

Building 0.000 0.000 0.000 0.000 0.130 0.770 0.833 0.172 0.317 58.8 12.38 
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Room 

Vosber Description 

Number of 

Duplicate 

Fir  Rn 

1 SURGERY1 

Zone 1  Total/Ave. 

2 SUR CORR 

Zone 2  Total/Ave. 

3 SURGERY2 

Zone 3  Total/Ave. 

4 DEL 1 

Zone 4  Total/Ave. 

5 DEL 2 

Zone 5  Total/Ave. 

6 LABOR 

Zone 6  Total/Ave. 

7 SUR. LOUN 

Zone 7  Total/Ave. 

8 NURSERY 

Zone 8 Total/Ave. 

9 OB RECOV 

Zone 9  Total/Ave. 

10 OR RECOV 

Zone 10  Total/Ave. 

System 1  Total/Ave. 

11 PERIM N. 

Zone 11  Total/Ave. 

12 PERIM. S 

Zone 12  Total/Ave. 

13 INT. N 

Zone 13  Total/Ave. 

14 INT. S 

Zone 14  Total/Ave. 

IS ICU 

Zone IS  Total/Ave. 

System 2  Total/Ave. 

16 KIT ADMIN 

Zone 16  Total/Ave. 

17 FOOD PRE 

Zone 17  Total/Ave. 

18 XRAY EXT 

Zone 18  Total/Ave. 

19 XRAY INT 

Zone 19  Total/Ave. 

20 PHY THER 

Zone 20  Total/Ave. 

21 ADMIN 

Zone 21  Total/Ave. 

22 SUR.CLINIC 

Floor 

Area/Dupl 

Room 

(sqft) 

441 

927 

400 

294 

273 

1,695 

1,968 

879 

252 

405 

4 ,644 

1 ,980 

4 ,968 

5 ,244 

756 

1 ,032 

1 ,828 

5 ,336 

2 ,352 

4 ,404 

1 ,790 

3 ,116 

BUILDING   AREAS 

Total Exposed 

Floor Partition Floor 

Area Area Area 

(sqft) (sqft) (sqft) 

441 0 0 

441 0 0 

927 0 0 

927 0 0 

400 0 0 

400 0 0 

294 0 0 

294 0 0 

273 0 0 

273 0 0 

1,695 0 0 

1,695 0 0 

1,968 0 0 

1,968 0 0 

879 0 0 

879 0 0 

252 0 0 

252 0 0 

405 0 0 

405 0 0 

7,534 0 0 

4,644 0 0 

4,644 0 0 

1,980 0 0 

1,980 0 0 

4,968 0 0 

4,968 0 0 

5,244 0 0 

5,244 0 0 

756 0 0 

756 0 0 

17,592 0 0 

1,032 0 0 

1,032 0 0 

1,828 0 0 

1,828 0 0 

5,336 0 c 
5,336 0 0 

2,352 0 e 
2,352 0 0 

4,404 0 c 
4,404 0 G 

1,790 0 0 

1,790 0 0 

3.116 0 0 

Skylight  Ski  Net Roof 

Area  /Rf      Area 

(sqft)  (%)     (sqft) 

0 0 441 

0 0 441 

0 0 927 

0 0 927 

0 0 400 

0 0 400 

0 0 294 

0 0 294 

0 0 273 

0 0 273 

0 0 1,695 

0 0 ,1,695 

0 0 1,968 

0 0 1,968 

0 0 879 

0 0 879 

0 0 252 

0 0 252 

0 0 405 

0 p. 405 

0 0 7,534 

0 0 4,644 

0 0 4,644 

0 0 1,980 

0 0 1,980 

0 0 4,968 

0 0 4,968 

0 0 5,244 

0 0 5,244 

0 0 756 

0 0 756 

0 0 17,592 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 2,352 

0 0 2,352 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

Window  Win  Net Wall 

Area  /Wl     Area 

(sqft)  (%)    (sqft) 

0 0 546 

0 0 546 

0 0 273 

0 0 273 

0 0 0 

' 0 0 0 

0 0 455 

0 0 455 

0 0 169 

0 0 169 

0 0 0 

0 0 0 

0 0 520 

0 0 520 

0 0 0 

0 0 0 

0 0 156 

0 0 156 

0 0 0 

0 0 0 

0 0 2,119 

389 17 1,899 

389 17 1,899 

60 5 1,13« 

60 5 1,136 

0 0 C 

0 0 C 

0 0 c 
0 0 c 

80 17 38E 

80 17 38£ 

528 13 3,42< 

0 0 C 

0 0 ( 
0 0 13< 

0 0 13( 

0 0 C 

0 0 1 

0 0 1,27- 

0 0 1,27- 

0 0 

0 0 

0 0 

0 0 

0 0 
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Zone      22  Total/Ave. 

23  SUR.CLINIC 

Zone      23  Total/Ave. 

5,822 

3,116 0 0 0 0 0 0 0 

5,822 0 0 0 0 5,822 0 0 

5,822 0 0 0 0 S,822 0 0 
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BUILDING  AREAS   -   ALTERNATIVE   1 

BASELINE   MODEL 

BUILDING        AREAS 

Floor Total 

Numb«: r of Area/Dupl Floor 

Room Duplicate Room Area 

Bumber Description Plr Rm (sqft) (sqft) 

24 MECH 1 1 1,072 1,072 

Zone 24  Total/Ave. 1,072 

25 E.R.AC10 1 1 3,915 3,915 

Zone 25 Total/Ave. 3,915 

System 3 Total/Ave. 30,667 

26 ADMIN 1 1 2,964 2,964 

Zone 26  Total/Ave. 2,964 

27 DENT EXT 1 1 1,210 1,210 

Zone 27 Total/Ave. 1,210 

28 DENT INT 1 1 5,899 5,899 

Zone 28 Total/Ave. 5,899 

29 EENT EXT 1 1 1,512 1,512 

Zone 29  Total/Ave. 1,512 

30 EENT INT 1 1 3,696 3,696 

Zone 30 Total/Ave. 3,696 

31 AREA S 1 1 3,240 3,240 

Zone 31 Total/Ave. 3,240 

32 DINING 1 1 1,734 1,734 

Zone 32 Total/Ave. 1,734 

System 4 Total/Ave. 20,255 

33 AC8 NORT 1 1 1,579 1,579 

Zone 33  Total/Ave. 1,579 

34 AC8 EAST 1 1 2,367 2,367 

Zone 34 Total/Ave. 2,367 

35 AC7 SO 1 1 4,967 4,967 

Zone 35  Total/Ave. 4,967 

36 AC8 SO 1 1 2,268 2,268 

Zone 36  Total/Ave. 2,268 

37 AC7 WEST 1 1 1,772 1,772 

Zone 37  Total/Ave. 1,772 

38 AC7 INT 1 1 13,657 13,657 

Zone 38 Total/Ave. 13,657 

39 AC8 INT 1 1 15,184 15,184 

Zone 39  Total/Ave. 15,184 

System 5 Total/Ave. 41,794 

40 AC9 LAB 1 1 8,039 8,039 

Zone 40  Total/Ave. 8,039 

System 6 Total/Ave. 8,039 

41 WEST CMS 1 1 4,776 4,776 

Zone 41 Total/Ave. 4,776 

42 AC11 WES 1 1 3,671 3,671 

Zone 42 Total/Ave. 3,671 

43 AC14 WES 1 1 1,763 1,763 

Zone 43 Total/Ave. 1,763 

44 AC13 SOU 1 1 1,798 1,798 

Area 

(sqft) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Exposes 

Floor 

Area 

(sqft) 

0 

0 

0 

0 

0 

0 

0 

o 

o 

0 

o 

o 

0 

0 

0 

0 

0 

0 

o 

0 

0 

0 

o 

0 

0 

0 

o 

0 

0 

0 

o 

0 

o 

0 

0 

0 

0 

o 

0 

o 

o 

0 

0 

0 

0 

Skylight    Ski 

Area    /Rf 

(sqft)      (%) 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Net  Roof 

Area 

(sqft) 

500 

500 

3,915 

3,915 

12,589 

0 

0 

605 

605 

0 

0 

1,512 

1,512 

3,696 

3,696 

3,240 

3,240 

0 

0 

9,053 

1,579 

1,579 
2,367 

2,367 

4,967 

4,967 

2,268 

2,268 

1,772 

1,772 

13,657 

13,657 

15,184 

15,184 

41,794 

8,039 

8,039 

8,039 

4,776 

4,776 

3,671 

3,671 

1,763 

1,763 

1,798 

Window    Win    Met Wal] 

Area     /Wl Are* 

(sqft)      (») (sqft; 

0 0 ( 
0 0 < 

118 20 47- 

118 20 47- 

118 6 1,87) 

0 0 1 

0 0 < 
116 10 1,04 

116 10 1,04 

0 0 l 

0 0 t 

0 0 1,09: 

0 0 1,09 

0 0 

0 0 

0 0 

0 0 

365 55 29 

365 55 29 

480 16 2,43 

106 11 85 

106 11 85 

194 8 2,22 

19« 8 2,22 

255 18 1,1« 

255 18 1,1« 

2S4 12 1,8« 

254 12 1,8« 

209 10 l,8t 

209 10 1,8£ 

0 0 

0 0 

0 0 

0 0 

1,018 11 7,9! 

0 0 4! 

0 0 4'. 

0 0 4' 

0 0 9 

0 0 9 

46 5 8 

46 5 8 

61 5 1,1 

61 5 1,1 

86 8 9 
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Zone 44 Total/Ave. 

45 ACH EAS 

Zone 45 Total/Ave. 

3,067 

1,798 0 0 0 0 1,798 86 8 99: 

3,067 0 0 0 0 3,067 91 10 81! 

3,067 0 0 0 0 3,067 91 10 81! 
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BUILDING  AREAS   -   ALTERNATIVE   1 

BASELINE   MODEL 

BUILDING        AREAS 

Floor Total Exposed 

Number of Area/Dupl Floor Partition Floor Skylight Ski Net Roof Window Win Net Hall 

Room Duplicate Room Area Area Area Area /Rf Area Area /HI Area 

Number Description Fir Rm (sqft) (sqft) (sqft) (sqft) (sqft) (*) (sqft) (sqfx) (*> (sqft) 

46 AC14 EAS 1 1 6,380 6,380 0 0 0 0 6,380 94 10 842 

Zone 46  Total/Ave. 6,380 0 0 0 0 6,380 94 10 842 

47 AC13 EAS 1 1 5,310 5,310 0 0 0 0 5,310 0 0 1,97« 

Zone 47  Total/Ave. 5,310 0 0 0 0 5,310 0 0 1,97( 

48 AC11 INT 1 1 4,485 4,485 0 0 0 0 4,485 0 0 ( 

Zone 48  Total/Ave. 4,485 0 0 0 0 4,485 0 0 ( 

49 AC14 INT 1 1 5,828 5,828 0 0 0 0 5,828 0 0 1 

Zone 49  Total/Ave. 5,828 0 0 0 0 5,828 0 0 ( 

50 AC13 INT 1 1 7,562 7,562 0 0 0 0 7,562 0 0 ( 

Zone 50  Total/Ave. 7,562 0 0 0 0 7,562 0 0 1 

System 7  Total/Ave. 44,640 0 0 0 0 44,640 378 5 7,56! 

51 AC17 WES 1 1 1,119 1,119 0 0 0 0 1,119 24 5 45' 

Zone 51  Total/Ave. 1,119 0 0 0 0 1,119 24 5 45 

52 AC17 NOR 1 1 3,295 3,295 0 0 0 0 3,295 102 5 1,93 

Zone 52  Total/Ave. 3,295 0 0 0 0 3,295 102 5 1,93 

53 AC17 INT 1 1 9,055 9,055 0 0 0 0 9,055 0 0 

Zone 53  Total/Ave. 9,055 0 0 0 0 9,055 0 0 

54 AC16 INT 1 1 3,278 3,278 0 0 0 0 0 0 0 

Zone 54  Total/Ave. 3,278 0 0 0 0 0 0 0 

55 AC16 NOR 1 1 680 680 0 0 0 0 0 0 0 52 

Zone 55  Total/Ave. 680 0 0 0 0 0 0 0 52 

56 AC16 1 1 8,368 8,368 0 0 0 0 0 0 0 

Zone 56  Total/Ave. 8,368 0 0 0 0 0 0 0 

57 AC18 1 1 1,170 1,170 0 0 0 0 1,170 0 0 60 

Zone 57  Total/Ave. 1,170 0 0 0 0 1,170 0 0 60 

System 8  Total/Ave. 26,965 0 0 0 0 14,639 126 3 3,51 

Building 197,486 0 0 0 0 155,880 2,649 8 29,42 
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ASHRAE 90 ANALYSIS - ALTERNATIVE 1 

BASELINE HODEL 

ASHRAE   90   ANALYSIS 

Overall Roof U-Value     = 

Overall Wall U-Value 

Overall Building U-Value = 

0.130 (Btu/Br/Sq Ft/F) 

0.222 (Btu/Hr/Sq Ft/F) 

0.14S (Btu/Hr/Sq Ft/F) 

Roof Overall Thermal Transfer Value (OTTVr) 

Wall Overall Thermal Transfer Value (OTTVw) 

7.33 (Btu/Hr/Sq Ft) 

11.39 (Btu/Hr/Sq Ft) 
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SYSTEH LOAD PROFILE - ALTERNATIVE 1 

BASELINE MODEL 

Main System 1  B PMZ BY? AS: 5 MULT1ZUNC 

Percent    -   Cooling Load   Beating Load -   Cooling Airflow     Heating Airflow 

Design Cap- Hours Hours Capacity Hours Hours Cap. Hoars Hours Cap. Hours Hours 

Load (Ton) (t) (Btuh) («) (Cfm) <%> (Cfm) (*) 
0 

0 - 5 5.3 20 967 -55,089 19 807 572.9 p 0 0.0 0 

5 - 10 10.5 13 644 -110,178 15 652 1,145.8 0 0 0.0 0 0 

10 - 15 15.8 13 629 -165,268 17 722 1,718.7 0 0 0.0 0 0 

0 
15 - 20 21.1 11 524 -220,357 14 614 2,291.6 0 0 0.0 0 

20 - 25 26.3 7 329 -275,446 14 582 2,864.5 0 0 0.0 0 0 

25 - 30 31.6 8 400 -330,535 8 335 3,437.4 0 0 0.0 0 0 

0 

0 

0 

30 - 35 36.9 6 272 -385,624 8 356 4,010.3 0 0 0.0 0 

35 - 40 42.2 6 316 -440,713 5 235 4,583.2 0 0 0.0 0 

40 - 45 47.4 5 233 -495,803 0 0 5,156.1 0 0 0.0 . o 

45 - 50 52.7 4 209 -550,892 0 0 5,729.0 0 0 0.0 0 0 

0 
50 - 55 58.0 2 109 -605,981 0 0 6,301.9 0 0 0.0 0 

55 - £0 63.2 2 88 -661,070 0 0 6,874.8 0 0 0.0 0 0 

0 

0 

0 

0 

0 

eo - 65 68.5 4 173 -716,159 0 0 7,447.7 0 0 0.0 0 

65 - 70 73.8 0 23 -771,249 0 0 8,020.6 0 0 0.0 0 

70 - 75 79.0 0 0 -826,338 0 0 8,593.5 0 0 0.0 0 

75 - 80 84.3 0 0 -881,427 0 0 9,166.4 0 0 0.0 0 

80 - 85 89.6 0 0 -936,516 0 0 9,739.3 0 0 0.0 0 

85 - 

90 - 

90 

95 

94.9 

100.1 

0 

0 

0 

0 

-991,605 

-1,046,695 

0 

0 

0 

0 

10,312.2 

10,885.1 

0 

0 

0 

0 

0.0 

0.0 

0 

0 

0 

0 

0 

8,760 95 - 100 

Hours Off 

105.4 

0.0 

0 

0 

0 

3,844 

-1,101,784 

0 

0 

0 

0 

4,457 

11,458.0 

0.0 

100 

0 

8,760 

0 

0.0 

0.0 

0 

0 

Main System TERKIHAL REHEAT 

Percent  Cooling Load   Heating Load •   

Design Cap. Hours Hours Capacity Hours Hours 

Load (Ton) (*) (Btuh) (*) 

0 - 5 4.1 10 693 -46,141 10 773 

5 - 10 8.3 5 338 -92,282 21 1,627 

10 - 15 12.4 8 551 -138,422 23 1,824 

15 - 20 16.6 5 368 -184,563 13 1,043 

20 - 25 20.7 6 426 -230,704 13 1,018 

25 - 30 24.9 5 368 -276,84S 7 520 

30 - 35 29.0 4 276 -322,985 6 499 

35 - 40 33.2 7 483 -369,126 4 308 

40 - 45 37.3 3 194 -415,267 2 131 

45 - 50 41.5 5 320 -461,408 0 34 

50 - 55 45.6 6 398 -507,549 0 32 

55 - 60 49.8 6 370 -553,689 0 0 

60 - 65 53.9 7 460 -599,830 0 0 

65 - 70 58.1 4 275 -645,971 0 0 

70 - 75 62.2 3 212 -692,112 0 0 

75 - 80 66.4 3 213 -738,252 0 0 

80 - 85 70.5 3 214 -784,393 0 0 

85 - 90 74.7 2 153 -830,534 0 0 

90 - 95 78.8 3 185 -876,675 0 0 

95 - 100 83.0 3 216 -922,81S 0 0 

Hours Off 0.0 0 2,047 0 0 951 

361 

Cooling Airflow   

Cap. Hours Hours 

(Cfm) (*) 
456.6 0 0 

913.3 0 0 

1,370.0 0 0 

1,826.6 0 0 

2,283.3 0 0 

2,739.9 0 0 

3,196.6 0 0 

3,653.2 0 0 

4,109.9 0 0 

4,566.5 0 0 

5,023.2 0 0 

5,479.8 0 0 

5,936.5 0 0 

6,393.1 0 0 

6,849.8 0 0 

7,306.4 0 0 

7,763.1 0 0 

8,219.7 0 0 

8,676.4 0 0 

9,133.0 100 8,760 

0.0 0 0 

eating Airflow   

Cap. Hours Hoars 

(Cfm) <*) 
0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 8,760 
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SYSTEM LOAD PROFILE 

BASELINE MODEL 

ALTERNATIVE 1 

Main System 3 DD DOUBLE DUCT 

Percent    -   Cooling Load   Load   Cooling Airflow     Heating Airflow 

Design Cap. Hours Hours Capacity Sours Hours Cap. Hours Hours Cap. Hours Hours 

Load (Ton) (*) (Btuh) (») (Cfm) (*) (Cfm) <*) 

0 - 5 2.9 0 0 -35,506 33 1,435 854.6 0' 0 0.0 0 0 

5 - 10 5.7 3 295 -71,012 19 825 1,709.2 0 0 0.0 0 0 

10 - 15 8.6 13 1,182 -106,518 17 737 2,563.8 0 0 0.0 0 0 

15 - 20 11.4 18 1,578 -142,024 18 772 3,418.4 '••  0 0 0.0 0 0 

20 - 25 14.3 11 956 -177,529 12 524 4,273.0 0 0 0.0 0 0 

25 - 30 17.2 11 957 -213,035 2 86 5,127.6 0 0 0.0 0 0 

30 - 35 20.0 7 636 -248,541 0 0 5,982.2 0 0 0.0 0 0 

35 - 40 22.9 6 520 -284,047 0 0 6,836.8 0 0 0.0 0 0 

40 - 45 25.7 3 290 -319,553 0 0 7,691.4 0 0 0.0 0 0 

45 - 50 28.6 4 341 -355,059 0 0 8,546.0 0 0 0.0 0 0 

50 - 55 31.5 4 307 -390,565 0 0 9,400.6 0 0 0.0 0 0 

55 - 60 34.3 3 237 -426,071 0 0 10,255.2 0 0 0.0 0 0 

CO - 65 37.2 3 227 -461,577 0 0 11,109.8 0 0 0.0 0 0 

65 - 70 40.0 4 330 -497,083 0 0 11,964.4 0 0 0.0 0 0 

70 - 75 42.9 3 268 -532,589 0 0 12,819.0 0 0 0.0 0 0 

75 - 80 45.8 2 205 -568,094 0 0 13,673.6 0 0 0.0 0 0 

80 - 85 48.6 1 105 -603,600 0 0 14,528.2 0 0 0.0 0 0 

85 - 90 51.5 2 132 -639,106 0 0 15,382.8 0 0 0.0 0 0 

90 - 95 54.4 1 105 -674,612 0 0 16,237.4 0 0 0.0 0 0 

95 - 100 57.2 1 89 -710,118 0 0 17,092.0 100 8,760 0.0 0 0 

Houre Off 0.0 0 0 0 0 4,381 0.0 0 0 0.0 0 8,760 

Main System 4 DD DOUBLE DUCT 

Percent   - — Cooling Load    Heating Load   Cooling Airflow     Heating Airflow   

Design Cap. Hours Hour 8 Capacity Hours Hour6 Cap. Hoars Hoars Cap. Hours Hoars 

Load (Ton) (») (Btuh) (») (Cfm) (%) (Cfm) (%) 

0 - 5 2.3 0 0 -31,536 19 873 775.4 0 0 0.0 0 0 

5 - 10 4.7 4 355 -63,072 24 1,120 1,550.7 0 0 0.0 0 0 

10 - 15 7.0 28 2,464 -94,608 13 589 2,326.1 0 0 0.0 0 0 

15 - 20 9.4 13 1,138 -126,144 15 704 3,101.4 0 0 0.0 0 0 

20 - 25 11.7 12 1,062 -157,679 15 682 3,876.7 0 0 0.0 0 0 

25 - 30 14.1 7 640 -189,215 13 593 4,652.1 0 0 0.0 0 0 

30 - 35 16.4 5 478 -220,751 1 46 5,427.5 0 0 0.0 0 0 

35 - 40 18.7 5 427 -252,287 0 0 6,202.8 0 0 0.0 0 0 

40 - 45 21.1 3 280 -283,823 0 0 6,978.2 0 0 0.0 0 0 

45 - SO 23.4 2 211 -315,359 0 0 7,753.5 0 0 0.0 0 0 

50 - 55 25.8 3 279 -346,895 0 0 8,528.9 0 0 0.0 0 0 

55 - 60 28.1 2 198 -378,431 0 0 9,304.2 0 0 0.0 0 0 

60 - 65 30.5 2 202 -409,967 0 0 10,079.6 0 0 0.0 0 0 

65 - 70 32.8 3 230 -441,502 0 0 10,854.9 0 0 0.0 0 0 

70 - 75 35.1 3 240 -473,038 0 0 11,630.3 0 0 0.0 0 0 

75 - 80 37.5 125 -S04,574 0 0 12,405.6 0 0 0.0 0 0 

80 - 85 39.8 127 -536,110 0 0 13,181.0 0 0 0.0 0 0 

85 - 90 42.2 110 -567,646 0 0 13,956.3 0 0 0.0 0 0 

90 - 95 44.5 10S -599,182 0 0 14,731.7 0 0 0.0 0 0 

95 - 100 46.9 89 -630,718 0 0 15,507.0 100 6,760 0.0 0 0 

Hours Off 0.0 0 0 0 0 4,153 

362 
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SYSTEM LOAD PROFILE 

BASELINE MODEL 

ALTERNATIVE 1 

Main System 5  HZ MULTI ZONE 

Percent    -   Cooling Load    Heating Load •   Cooling Airflow     Heating Airflow 

Design Cap.  Hours Sours Capacity Hours Hours Cap. Hours Hours Cap. Hours Hours 

Load (Ton) (*) (Btuh) (t) (CfE) (t) (Cfm) (*) 

0 - 5 5.3 0 0 -36,196 10 396 1,992-S 0 0 0.0 0 0 

S - 10 10.5 0 34 -72,392 13 491 3,985.0 0 0 0.0 0 0 

10 - IS 15.8 28 2,476 • -108,588 14 534 5,977.5 0 0 0.0 0 0 

15 - 20 21.1 10 904 -144,783 15 558 7,970.0 0 0 0.0 0 0 

20 - 25 26.3 9 767 -180,979 14 534 9,962.5 0 0 0.0 0 0 

25 - 30 31.6 11 993 -217,175 12 443 11,955.0 0 0 0.0 0 0 

30 - 35 36.8 12 1,052 -253,371 7 268 13,947.5 0 0 0.0 0 0 

35 - 40 42.1 8 685 -289,567 8 297 15,940.0 0 0 0.0 0 0 

40 - 45 47.4 6 493 -325,763 6 245 17,932.5 0 0 0.0 0 0 

45 - 50 52.6 3 288 -361,958 2 74 19,925.0 0 0 0.0 0 0 

50 - 55 57.9 5 405 -398,154 0 0 21,917.5 0 0 0.0 0 0 

55 - 60 63.2 2 173 -434,350 0 0 23,910.0 0 0 0.0 0 0 

60 - 6S 68.4 2 167 -470,546 0 0 25,902.5 0 0 0.0 0 0 

65 - 70 73.7 1 130 -506,742 0 0 27,895.0 0 0 0.0 0 0 

70 - 75 79.0 2 173 -542,938 0 0 29,887.5 0 0 0.0 0 0 

75 - 80 84.2 0 0 -579,134 0 0 31,880.0 0 0 0.0 0 0 

80 - 85 89.5 0 0 -615,329 0 0 33,872.5 0 0 0.0 0 0 

85 - 90 94.8 0 0 -651,525 0 0 35,865.0 0 0 0.0 0 0 

90 - 95 100.0 0 0 -687,721 0 0 37,857.5 0 0 0.0 0 0 

95 - 100 105.3 0 0 -723,917 0 0 39,850.0 100 8,760 0.0 0 0 

Hours Off 0.0 0 0 0 0 4,920 0.0 0 0 0.0 0 8,760 

Main System KDLTIZONE 

Perce nt  Cooling Load   Load •     Cooling Airflow     Heating Airflow 

Design Cap. Hours Hours Capacity Hours Hours Cap. Hours Hours Cap. Hours Hours 

Load (Ton) (*) (Btuh) (*) (Cfm) (%) (Cfm) (*) 

0 - 5 2.7 29 2,008 -24,664 15 784 451.3 0 0 0.0 0 0 

5 - 10 5.4 21 1,421 -49,328 11 561 902.6 0 0 0.0 0 0 

10 - 15 8.0 9 638 -73,993 11 550 1,353.9 0 0 0.0 0 0 

15 - 20 10.7 6 443 -98,657 15 775 1,805.2 0 0 0.0 0 0 

20 - 25 13.4 8 523 -123,321 15 784 2.2S6.5 0 0 0.0 0 0 

25 - 30 16.1 5 326 -147,985 18 957 2,707.8 0 0 0.0 0 0 

30 - 35 18.8 6 411 -172,650 15 772 3,159.1 0 0 0.0 0 0 

35 - 40 21.5 5 308 -197,314 0 0 3,610.4 0 0 0.0 0 0 

40 - 45 24.1 3 212 -221,978 0 0 4,061.7 0 0 0.0 0 0 

45 - 50 26.8 2 138 -246,642 0 0 4,513.0 0 0 0.0 0 0 

50 - 55 29.5 1 96 -271,307 0 0 4,964.3 0 0 0.0 0 0 

55 - 60 32.2 2 109 -295,971 0 0 5,415.6 0 0 0.0 0 0 

60 - 65 34.9 1 85 -320,635 0 0 5,86S.S 0 0 0.0 0 0 

65 - 70 37.6 1 86 -345,299 0 0 6,318.2 0 0 0.0 0 0 

70 - 75 40.2 0 23 -369,964 0 0 6,769.5 0 0 0.0 0 0 

75 - 80 42.9 0 0 -394,628 0 0 7,220.8 0 0 0.0 0 0 

80 - 85 45.6 0 0 -419,292 0 0 7,672.1 0 0 0.0 0 0 

85 - 90 48.3 0 0 -443,956 0 0 8,123.4 0 0 0.0 0 0 

90 - 95 51.0 0 0 -468,621 0 0 8,574.7 0 0 0.0 0 0 

95 - 100 53.7 0 0 -493,285 0 0 9,026.0 100 8,760 0.0 0 0 

Boure 1 Off 0.0 0 1,933 0 0 3,577 0.0 0 0 0.0 0 8,760 
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SYSTEM LOAD PROFILE 

BASELINE MODEL 

ALTERNATIVE 1 

Main System 7 MZ MULTIZONE 

Percent   Cooling Load   Load   Cooling Airflow   Heating Airflow 

Design Cap. Hours Eoura Capacity Hours Hours Cap. Hours Hours Cap. Hoars Hours 

Load (Ton) (*) (Btuh) (*) (Cfm) (%) (Cfm) (%) 

0 - 5 7.4 0 0 -47,951 11 397 2,041.7 0 0 0.0 0 0 

5 - 10 14.9 20 1,785 -95,903 14 488 4,083.3 • 0 0 0.0 0 0 

10 - IS 22.3 13 1,181 -143,854 IS 537 6,125.0 . 0 0 0.0 0 0 

15 - 20 29.7 14 1,234 -191,806 16 551 8,166.6 ■■-           0 0 0.0 0 0 

20 - 25 37.2 5 447 -239,757 14 478 10,208.2 0 0 0.0 0 0 

25 - 30 44.6 8 738 -287,709 8 273 12,249.9 0 0 0.0 0 0 

30 - 35 52.0 7 614 -335,660 8 275 14,291.6 0 0 0.0 0 0 

35 - 40 59.5 6 512 -383,612 7 259 16,333.2 0 0 0.0 0 0 

40 - 45 66.9 5 458 -431,563 6 217 18,374.9 0 0 0.0 0 0 

45 - 50 74.3 5 465 -479,515 0 9 20,416.5 0 0 0.0 0 0 

50 - 55 81.8 5 397 -527,466 0 0 22,458.2 0 0 0.0 0 0 

55 - 60 89.2 3 269 -575,418 0 0 24,499.8 0 0 0.0 0 0 

60 - 65 96.7 3 229 -623,370 0 0 26,541.5 0 0 0.0 0 0 

65 - 70 104.1 1 128 -671,321 0 0 28,583.1 0 0 0.0 0 0 

70 - 75 111.5 1 107 -719,273 0 0 30,624.8 0 0 0.0 0 0 

75 - 80 119.0 1 127 -767,224 0 0 32,666.4 0 0 0.0 0 0 

80 - 85 126.4 1 69 -815,175 0 0 34,708.1 0 0 0.0 0 0 

85 - 90 133.8 0 0 -863,127 0 0 36,749.7 0 0 0.0 0 0 

90 - 95 141.3 0 0 -911,079 0 0 38,791.4 0 0 0.0 0 0 

95 - 100 148.7 0 0 -959,030 0 0 40,833.0 100 8,760 0.0 0 0 

Eoure Off 0.0 0 0 0 0 5,276 0.0 0 0 0.0 0 8,760 

Main System 8  MZ MULTIZONE 

ferce nt  ca 

Design Cap 

Load (Ton) 

0 - 5 2.8 

5 - 10 5.6 

10 - 15 8.4 

15 - 20 11.2 

20 - 25 14.0 

25 - 30 16.8 

30 - 35 19.6 

35 - 40 22.4 

40 - 45 25.2 

45 - 50 28.0 

50 - 55 30.8 

55 - 60 33.6 

60 - 65 36.4 

65 - 70 39.2 

70 - 75 42.0 

75 - 80 44.7 

80 - 85 47.5 

85 - 90 50.3 

90 - 95 53.1 

95 - 100 55.9 

Hours Off 0.0 

Hours  Hoars 

0 0 

2 186 

31 2,745 

6 556 

11 977 

11 933 

7 606 

7 618 

4 382 

4 382 

4 381 

4 330 

2 193 

2 146 

1 65 

2 151 

1 109 

0 0 

0 0 

0 0 

0 0 

  Beating Load -_  
Capacity Hours Hours 

(Btuh) <*) ,. 
-20,827 11 448 

-41,655 12 462 

-62,482 15 613 

-83,310 14 573 

-104,137 12 472 

-124,964 13 506 

-145,792 6 236 

-166,619 8 327 

-187,447 6 . 252 

-208,274 2 74 

-229,102 0 0 

-249,929 0 0 

-270,756 0 0 

-291,584 0 0 

-312,411 0 0 

-333,239 0 0 

-354,066 0 0 

-374,893 0 0 

-395,721 0 0 

-416,548 0 0 

0 0 4,797 

— Cooling Airflow   

Cap. Eoure Eoura 

(Cfm) (») 
1,028.1 0 0 

2,056.2 0 0 

3,084.3 0 0 

4,112.4 0 0 

5,140.5 0 0 

6,168.6 0 0 

7,196.7 0 0 

8,224.8 0 0 

9,252.9 0 0 

10,281.0 0 0 

11,309.1 0 0 

12,337.2 0 0 

13,365.3 0 0 

14,393.4 0 0 

15,421.5 0 0 

16,449.6 0 0 

17,477.7 0 0 

18,505.8 0 0 

19.S33.9 0 0 

20,562.0 100 8,760 

0.0 0 0 

 Heating Airflotr  

Cap. eonrs Hours 

(Cfm) (%) 
0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 . 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 8,760 
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SYSTEM TOTALS   LOAD  PROFILE   -  ALTERNATIVE   1 

BASELINE   HODEL 

SYSTEM        LOAD        PROFILE 

System Totals 

Percent   Cooling Load     Heating Load   
Design Cap. Hours Hours Capacity  ] Hours Hours 

Load (Ton) (%) (Btuh) (t) 

0 - 5 32.8 0 0 -297,911 52 4,065 

S - 10 65.6 26 2,272 -595,821 11 868 

10 - 15 98.4 15 1,315 -893,732 10 756 

15 - 20 131.2 11 1,005 -1,191,643 8 658 

20 - 25 164.0 7 575 -1,489,553 7 585 

25 - 30 196.8 8 714 -1,787,464 5 374 

30 - 35 229.6 6 517 -2,085,375 4 296 

35 - 40 262.4 4 376 -2,383,286 3 252 

40 - 45 295.2 5 438 -2,681,197 0 21 

45 - 50 328.0 4 326 -2,979,107 0 0 

50 - 55 360.8 4 308 -3,277,018 0 0 

55 - 60 393.6 3 292 -3,574,929 0 0 

60 - 65 426.4 2 211 -3,872,840 0 0 

65 - 70 459.2 1 108 -4,170,751 0 0 

70 - 75 492.0 1 109 -4,468,662 0 0 

75 - 80 524.8 2 148 -4,766,571 0 0 

80 - 85 557.6 1 46 -5,064,482 0 0 

85 - 90 590.4 0 0 -5,362,394 0 0 

90 - 95 623.2 0 0 -5,660,305 0 0 

S5 - 100 656.0 0 0 -5,958,215 0 0 

Hours Off ■■-' 0.0 0 0 0 0 88S 

 Cooling Airflow  

Cap.   Hours  Hours 

(Cf.)     <%) 

Heating Airflow   

Cap.   Hours  Hours 

(Cfm)     (%) 

8,173.0 0 0 

16,346.1 0 0 

24,519.2 0 0 

32,692.2 0 0 

40,865.2 0 0 

49,038.3 0 0 

57,211.4 0 0 

65,384.4 0 0 

73,557.5 0 0 

81,730.5 0 0 

89,903.6 0 0 

98,076.6 0 0 

106,249.7 0 0 

114,422.7 0 0 

122,595.8 0 0 

130,768.8 0 0 

138,941.9 0 0 

147,114.9 0 0 

155,288.0 0 0 

163,461.0 100 8,760 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 . 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

0.0 0 0 

d.o 0 0 

0.0 0 8,760 
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BUILDING COOL-HEAT DEMAND - ALTERNATIVE 1 

BASELINE MODEL 

January   Design   

Hour OADB OAWB Htg Btuh  Clg Ton 

1 42.6 39.9 -1,429,445 50.6 

2 41.4 38.7 -1,79S,620 48.S 

3 40.7 38.1 -1,S7S,06S 47.3 

4 40.4 37.8 -1,882,677 46.1 

5 40.8 38.1 -1,660,262 44.7 

6 41.8 39.1 -1,862,672 44.5 

7 43.4 40.7 -1,324,200 59.0 

8 45.4 42.8 -1,098,025 83.2 

9 47.7 44.9 -863,272 87.1 

10 50.2 46.6 -643,544 90.7 

11 52.5 47.9 -511,804 98.6 

12 54.5 49.3 -313,768 108.2 

13 56.1 50.5 -230,781 117.S 

14 57.1 51.1 -138,691 127.7 

15 57.5 50.8 -117,358 135.8 

16 57.2 50.4 -130,609 136.9 

17 56.5 49.9 -300,113 131.4 

18 55.3 49.7 -371,579 122.0 

19 53.8 49.3 -716,354 90.3 

20 52.0 48.2 -975,013 62.1 

21 50.0 46.6 -1,119,588 58.2 

22 47.9 44.8 -1,284,863 55.4 

23 45.9 43.0 -1,358,481 53.5 

24 44.1 41.2 -1,557,509 50.8 

  Weekday   

Htg Btuh Clg Ton 

-1,976,341 47.3 

-2,146,285 46.4 

-2,147,770 45.3 

-2,213,713 44.1 

-2,176,526 42.8 

-2,141,921 43.0 

-1,697,081 55.9 

-1,339,991 77.1 

-1,019,007 79.7 

-1,108,813 82.7 

-660,508 87.0 

-761,749 91.6 

-446,388 97.7 

-530,652 103.7 

-469,520 107.6 

-591,703 109.2 

-500,704 106.8 

-764,735 102.1 

-1,027,900 71.2 

-1,293,410 51.4 

-1,435,830 51.3 

-1,605,938 49.9 

-1,755,193 49.6 

-1,926,527 48.2 

  Saturday  

Htg Btuh Clg Ton 

-1,981,861 47.4 

-2,133,486 46.5 

-2,156,432 45.4 

-2,202,781 44.2 

-2,184,812 42.9 

-2,152,871 41.8 

-2,023,023 40.6 

-1,858,296 -40.7 

-1,339,608 56.6 

-1,227,317 57.0 

-1,085,423 58.2 

-871,123 60.4 

-752,032 64.9 

-785,571 46.4 

-817,667 49.4 

-845,332 51.7 

-902,457 52.1 

-1,093,856 50.6 

-1^129,154 49.7 

-1,348,311 50.1 

-1,414,016 50.2 

-1,646,187 50.1 

-1,720,964 49.8 

-1,868,064 49.2 

 Saturday  

Htg Btuh Clg Ton 

-1,864,379 47.0 

-1,994,058 

-2,070,580 

-2,192,654 

-2,246,653 

-2,300,931 

-2,305,876 

-2,147,933 

-1,803,387 

-1,650,019 

-1,424,697 

-1,358,209 

-891,964 

-1,067,300 

-766,930 

-958,524 

-761,728 

-1,192,027 

-984,861 

-1,299,777 

-1,196,812 

-1,550,266 

-1,446,465 

-1,809,154 

46.4 

46.1 

45.2 

44.1 

43.0 

42.4 

43.3 

57.0 

58.2 

59.7 

62.2 

63.9 

46.0 

49.0 

51.2 

52.1 

50.0 

50.1 

48.6 

48.7 

48.8 

48.7 

48.5 

  Sunday   

Htg Btuh Clg Ton 

-2,011,151 47.4 

-2,133,419 46.5 

-2,130,530 45.4 

-2,230,458 44.2 

-2,169,349 42.8 

-2,160,926 41.8 

-2,012,229 40.6 

-1,871,155 40.7 

-1,453,681 52.6 

-1,322,712 52.7 

-1,030,194 53.7 

-964,468 55.6 

-764,567 59.6 

-814,895 46.2 

-788,690 49.3 

-878,450 51.7 

-843,875 52.1 

-1,098,878 50.6 

-1,153,087 49.7 

-1,345,607 50.1 

-1,419,191 50.2 

-1,638,922 50.1 

-1,715,631 49.8 

-1,895,886 49.3 

——— Sunday  

Htg Btuh Clg Ton 

-1,775,736 47.0 

-2,065,266 

-2,003,840 

-2,270,748 

-2,151,763 

-2,387,178 

-2,235,280 

-2,202,949 

-1,930,553 

-1,686,618 

-1,433,451 

-1,335,490 

-1,091,926 

-964,602 

-868,030 

-807,691 

-949,923 

-1,020,674 

-1,107,888 

-1,194,007 

-1,303,925 

-1,443,457 

-1,553,419 

-1,703,500 

46.4 

46.1 

45.2 

44.1 

43.0 

42.4 

43.3 

53.6 

54.5 

55.6 

57.7 

59.2 

45.9 

48.9 

51.2 

52.1 

50.0 

50.1 

48.6 

48.7 

48.8 

48.7 

48.5 

  Monday   

Htg Btuh    Clg Ton 

-1,978,873 47.4 

-2,153,592 46.5 

-2,123,153 45.4 

-2,245,730 44.2 

-2,157,982 42.8 

-2,141,944 43.0 

-1,702,463 55.9 

-1,338,981 77.1 

-1,010,047 79.6 

-1,108,813 82.7 

-671,611 86.9 

-752,074 91.6 

-446,388 97.7 

-530,652 103.1 

-479,918 107.6 

-580,273 109.2 

-510,195 106.8 

-752,051 102.1 

-1,042,312 71.2 

-1,278,956 51.4 

-1,450,050 51.3 

-1,592,112 49.9 

-1,768,577 49.6 

-1,913,351 48.2 

Monday 

Htg Btuh Clg Ton 

-1,869,275 46.9 

-1,996,087 46.4 

-2,072,622 46.1 

-2,194,733 45.1 

-2,248,794 44.1 

-2,267,415 44.2 

-2,017,981 55.7 

-1,485,549 74.0 

-1,493,293 76.0 

-1,358,845 78.6 

-1,117,882 81.9 

-991,946 86.8 

-692,062 91.3 

-646,502 96.4 

-482,612 102.4 

-592,642 105.7 

-496,235 105.4 

-787,752 101.4 

-907,370 71.7 

-1,251,774 49.9 

-1,211,415 49.8 

-1,520,285 48.5 

-1,494,278 48.5 

-1,822,838 47.2 

366 



Trane Air Conditioning Economics 

By: ENGINEERING RESOURCE CROUP, INC. 

V  600 

PAGE        7 

BUILDING  COOL-HEAT  DEMAND 

BASELINE   MODEL 

ALTERNATIVE   1 

March   Design     Weekday     Saturday    Sunday   

Hour OADB OAWB Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton 

1 SS.3 52.2 -760,624 60.0 -1,093,472 52.5 -1,058,574 54.7 -1,071,687 54.5 -1,060,037 54.4 

2 53.5 50.4 -1,053,787 56.7 -1,187,324 49.7 -1,227,480 50.5 -1,214,438 50.5 -1,229,125 50.4 

3 52.0 49.2 -903,076 54.3 -1,361,270 49.6 -1,313,882 50.1 -1,326,767 50.1 -1,315,553 50.0 

4 50.7 48.0 -1,171,311 51.8 -1,401,637 49.1 -1,448,976 49.5 -1,436,135 49.5 -1,450,752 49.4 

5 49.8 46.9 -980,608 50.1 -1,537,838 48.2 -1,484,383 48.4 -1,497,123 48.4 -1,486,108 48.4 

6 49.2 46.4 -1,145,699 49.2 -1,516,176 48.7 -1,586,139 47-3 -1,573,963 47.3 -1,567,704 48.7 

7 49.0 46.4 -682,375 69.8 -1,307,886 64.8 -1,535,962 46 J 8 -1,546,728 46.8 -1,260,690 64.8 

8 49.8 46.7 -546,033 104.2 -813,273 89.7 -1,371,981 47.8 -1,371,981 47.8 -827,460 89.8 

9 52.0 47.8 -265,094 112.6 -933,968 93.2 -959,735 65.2 -1,132,964 60.7 -952,829 93.3 

10 5S.3 49.6 -136,422 124.0 -517,925 98.7 -948,740 66.8 -787,376 61.7 -517,925 98.7 

11 59.2 52.1 -43,140 147.0 -455,192 107.7 -481,421 71.4 -670,547 65.1 -446,453 108.3 

12 63.1 54.5 -7,526 171.6 -143,608 118.2 -318,776 75.0 -266,848 67.6 -143,608 118.5 

13 66.4 56.9 -2,585 193.1 -116,607 137.5 -150,217 88.2 -187,535 77.4 -116,607 137.5 

14 68.6 58.5 -3,426 208.7 -28,799 155.4 -55,699 69.2 -47,332 68.1 -37,166 155.5 

15 69.4 58.7 -3,084 218.6 -20,458 165.1 -26,509 76.7 -26,509 75.9 -20,458 165.1 

16 69.2 58.6 -4,391 220.2 -112,348 166.3 -112,864 78.4 -122,849 78.0 -102,362 166.3 

17 68.6 58.8 -5,175 212.7 -113,968 162.2 -142,886 77.7 -132,687 77.S -124,166 162.2 

18 67.7 58.7 -7,069 193.6 -134,503 161.3 -156,071 76.9 -167,412 76.6 -123,162 161.3 

19 66.4 59.0 -104,855 137.5 -197,626 114.0 -269,868 72.3 -256,279 72.1 -211,215 114.0 

20 64.9 59.3 -233,248 97.8 -359,952 79.4 -304,443 74.0 -318,793 73.9 -345,602 79.4 

21 63.1 58.5 -384,107 86.7 -429,944 69.5 -494,986 67.3 -480,735 67.3 -444,195 69.5 

22 61.2 57.2 -513,050 76.7 -639,382 64.8 -597,493 65.3 -611,457 65.3 -625,418 64.8 

23 59.2 55.4 -664,117 71.6 -754,290 64.1 -772,268 64.7 -758,535 64.7 -768,023 64.1 

24 57.2 53.9 -758,692 64.8 -947,640 57.0 -907,201 59.2 -920,572 59.2 -934,269 57.0 

April   Weekday   —~ Saturday  ______ Sunday    Mond ay   

Hour OADB OAWB Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton 

1 63.1 60.6 -168,426 87.2 -476,514 82.3 -586,483 81.4 -538,280 81.4 -587,215 81.2 

2 62.0 59.6 -218,879 81.4 -545,654 75.3 -464,136 73.9 -512,403 73.8 -465,159 73.7 

3 61.1 58.8 -222,128 76.6 -665,815 70.6 -728,196 69.7 -679,417 69.7 -729,342 69.S 

4 60.5 58.3 -274,325 71.6 -661,433 66.8 -606,839 67.4 -655,271 67.4 -608,077 67.3 

5 60.4 58.4 -247,713 71.4 -677,789 67.6 -771,748 65.0 -725,917 65.0 -727,430 67.8 

6 60.9 58.7 -229,818 102.9 -497,916 9S.1 -585,355 62.1 -627,783 62.1 -443,719 95.2 

7 62.3 60.1 -37,803 160.6 -372,924 153.2 -497,810 70.7 -522,116 70.7 -348,618 152.7 

8 64.6 61.8 -133,007 186.2 -109,986 166.0 -219,188 108.0 -186,645 98.4 -171,371 165.8 

9 67.3 63.2 -1,152 205.4 -47,846 179.5 -124,600 119.0 -124,793 106.2 -72,856 179.5 

10 70.3 64.3 0 213.1 -98,731 214.3 -100,353 149.6 -100,809 134.0 -98,731 214.3 

11 73.0 65.3 0 244.5 -25,675 238.7 0 175.9 -25,675 159.5 0 238.7 

12 75.2 66.1 0 266.1 0 255.6 0 194.6 0 178.3 0 255.6 

13 76.7 66.6 0 283.6 0 268.5 0 165.3 0 163.4 0 268.5 

14 77.2 66.9 0 298.9 0 277.3 0 175.2 0 174.6 0 277.3 

IS 77.0 66.4 0 307.9 0 278.7 0 177.6 0 177.4 0 278.7 

16 76.5 66.2 0 307.0 0 274.0 0 176.8 0 176.7 0 274.0 

17 75.6 65.8 0 299.6 -158,996 252.9 -126,897 161.8 -157,072 161.8 -126,897 252.9 

18 74.4 66.0 0 245.6 -32,510 207.2 -77,287 160.3 -32,510 160.3 -77,287 207.2 

19 73.0 66.1 0 197.1 -182,770 160.5 -141,599 149.1 -182,770 149.1 -141,599 160. S 

20 71.4 66.3 0 184.1 -33,714 150.4 -80,199 142.5 -33,714 142. 5 -80,199 150.4 

21 69.7 65.6 -123,097 156.0 -241,834 128.9 -192,696 129.7 -241,834 129.7 -192,696 128.9 

22 67.9 64.6 -91,001 135.9 -107,872 110.6 -157,090 112.6 -107,184 112.6 -157,778 110.6 

23 66.2 63.4 -174,656 117.8 -391,665 97.6 -334,207 103.0 -383,13S 103.0 -342,737 97.6 

24 64.6 62.0 -111,436 107.8 -245,347 86.8 -292,731 86.9 -244,752 86.9 -293,326 86.8 
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BUILDING  COOL-HEAT  DEMAND  -  ALTERNATIVE   1 

BASELINE  MODEL 

May  Weekday      Saturday     Sunday       Monday 

Hour OADB OAWB Htg Btuh Clg Ton Htg  Btuh Clg Ton Htg  Btuh Clg Ton Htg Btuh Clg Ton Htg   Bteh     Clg   Ion 

1 67.4 66.0 -180,838 152.9 -159,586 114.1 -279,642 112.5 -279,512 111.9 -279,921 III. / 

2 66.4 64.6 -155,307 146.0 -372,220 104.1 -237,310 99.3 -237,277 99.6 -237,735 59.4 

3 65.6 63.5 -42,451 125.8 -225,200 97.3 -369,259 94.1 -369,259 94.2 -370,047 54.0 

4 65.0 62.4 -221,696 116.1 -4S0,305 95.3 -295,726 92.3     " -295,726 92.3 -299,659 92.2 

5 64.8 62.3 -43,13S US.5 -258,639 96.6 -421,086 89.7 . -421,086 89.7 -408,982 53.3 

6 65.2 62.1 -197,028 167.3 -291,985 136.8 -225,718 90.0 -225,718 90.0 -160,134 136.0 

7 66.2 62.4 0 242.5 -167,555 204.6 -248,098 101.2 -248,098 101.2 -181,930 205.4 

8 68.0 62.5 -118,619 248.5 -19,204 206.1 -63,735 145.4 -70,870 131.6 -27,670 206.3 

9 70.6 63.4 0 268.0 -29,645 228.4 -30,630 164.7 -30,906 148.7 -29,645 228.4 

10 73.7 64.2 0 293.5 -87,747 254.0 -87,747 192.0 -87,747 175.6 -87,747 253.9 

11 77.1 65.5 -88,672 323.1 0 282.3 0 221.6 0 205.0 0 2S2.2 

12 80.3 67.0 0 354.2 0 323.1 0 261.3 0 243.9 0 323.1 

13 82.8 68.7 0 397.7 -85,988 346.9 -85,988 241.2 -85,988 239.3 -85,988 246.9 

14 84.4 69.4 -93,975 420.5 0 364.9 0 261.1 0 260.6 0 364.8 

15 85.0 69.4 0 432.1 -88,192 373.5 -88,192 270.9 -88,192 270.8 -88,192 373.4 

16 84.4 69.7 -107,389 428.8 0 380.0 0 278.9 0 278.9 0 380. 0 

17 83.0 70.0 -79,036 416. 5 -126,270 364.7 -126,270 267.9 -126,270 267.9 -126,270 364.6 

18 80.7 70.5 -87,259 351.3 -29,318 300.5 -29,318 253.5 -29,318 253.5 -29,318 3O0.5 

19 78.1 71.0 -95,676 291.9 -218,002 235.3 -228,670 222.8 -228,670 222.8 -228,670 235.3 

20 75.5 71.9 -101,030 272.0 -106,824 213.1 -106,824 203.8 -106,824 203.8 -106,824 213.1 

21 73.3 71.8 -99,040 247.4 -85,994 192.8 -85,994 190.4 -85,994 190.4 -85,994 192.8 

22 71.2 70.4 -192,060 212.5 -166,528 162.0 -166,528 160.3 -166,528 160.3 -166,528 162.0 

23 69.6 69.0 -88,543 188.7 -106,117 133.7 -106,117 137.2 -106,117 137.2 -106,117 133.7 

24 68.4 67.5 -198,198 175.2 -217,687 124.8 -218,202 122.9 -218,202 122.9 -217,687 

  Honda; 

124.8 

.   Sunday   
Jane 

Hoar OADB OAWB 

  Design —— 

Htg Btuh    Clg Ton Htg Btuh    Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh    Clg Ton 

1 73.1 70.5 -194,572 227.6 -79,047 184.3 -168,426 187.0 -79,047 184.1 -168,426 183.7 

2 72.2 69.6 -128,790 219.3 -123,389 173.7 -32,484 171.7 -123,390 169.6 -32,484 169.3 

3 71.5 68.6 -181,120 207.6 -140,272 163.3 -232,245 162.3 -140,272 159.8 -232,245 158.6 

4 71.0 68.2 -125,692 199.4 -129,941 148.7 -36,003 147.0 -129,941 144.6 -36,O03 145.4 

5 70.8 68.0 -174,428 199.4 -143,940 147.0 -236,345 141.0 -144,014 139.1 -236,270 144.5 

£ 71.1 68.1 -117,672 249.2 -108,441 202.1 -31,651 141.4 -108,441 142.1 -31,651 201.5 

7 72.0 68.6 0 321.1 -113,105 294.4 -113,105 170.6 -113,105 170.9 -113,105 294.9 

8 73.7 69.1 -129,113 336.5 0 293.8 0 231.1 0 214.5 0 293.5 

9 76.0 70.7 0 343.7 -79,598 319.9 -79,598 253.2 -79,S98 235.5 -79,598 319.5 

10 78.7 72.9 -100,527 383.2 0 348.0 0 281.7 0 263.5 0 347.6 

11 81.7 74.6 0 414.1 0 371.7 0 307.5 0 289.3 0 371.3 

12 84.6 75.3 -89,060 444.3 -106,782 401.7 -106,782 338.4 -106,782 320.1 -106,782 401.3 

13 86.7 75.7 0 487.7 0 450.3 0 334.7 0 333.1 0 450.0 

14 88.2 75.7 -85,853 508.8 -92,234 485.2 -92,234 371.5 -92,234 371.2 -92,234 484.9 

15 88.7 76.2 0 537.7 0 505.4 0 392.0 0 391.9 0 505.1 

16 88.2 75.2 -115,375 535.5 -126,095 481.9 -126,095 375.7 -126,095 375.7 -126,095 481.6 

17 86.9 74.7 -87,287 S06.7 -84,623 466.3 -84,623 363.0 -84,623 363.1 -84,623 466.0 

18 84.9 74.3 -99,266 439.8 -115,558 387.3 -115,558 338.7 -115,558 338.7 -115,558 387.0 

19 82.6 74.4 -109,051 378.3 -91,532 333.0 -91,532 318.9 -91,532 318.9 -91,532 332.7 

20 80.3 74.8 -116,793 345.7 -119,953 300.0 -188,157 290.4 -119,953 290.3 -188,157 299.7 

21 78.3 74.4 -115,960 319.7 -188,147 270.2 -92,314 266.5 -188,147 266.5 -92,314 269.9 

22 76.5 73.5 -137,536 296.4 -117,698 247.3 -199,703 245.5 -117,698 245.5 -199,703 247.0 

23 75.1 72.7 -108,376 273.1 -167,998 226.5 -83,710 230.5 -167,998 230.5 -83,710 226.3 

24 74.0 71.3 -224,530 247.9 -113,142 206.6 -200,033 202.8 -113,142 202.8 -200,033 206.4 
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BUILDING COOL-HEAT DEMAND 

BASELINE MODEL 

ALTERNATIVE 1 

July 

Hour OADB OAHB 

1 74.0 72.9 

2 73.2 71.6 

3 72.6 70.7 

4 72.1 70.0 

5 72.0 69.6 

6 72.3 69.4 

7 73.1 70.0 

8 74.5 70.0 

9 76.5 70.7 

10 78.8 71.5 

11 81.4 73.0 

12 83.9 74.3 

13 85.8 76.1 

14 87.0 77.3 

15 87.5 77.9 

16 87.0 77.9 

17 85.9 78.1 

18 84.2 77.6 

19 82.2 77.7 

20 80.2 78.0 

21 78.5 77.5 

22 76.9 76.6 

23 75.7 75.3 

24 74.8 74.1 

August 

Hour OADB OAWB 

1 74.4 72.7 

2 73.5 71.6 

3 72.9 70.9* 

4 72.4 70.2 

5 72.2 69.6 

6 72.5 69.6 

7 73.4 70.3 

8 74.9 71.2 

9 77.0 72.0 

10 79.5 73.5 

11 82.4 74.9 

12 85.0 76.5 

13 87.1 76.9 

14 88.4 77.5 

15 88.9 78.0 

16 88.4 78.2 

17 87.2 78.6 

18 85.4 78.1 

19 83.2 78.3 

20 81.0 78.5 

21 79.2 77.6 

22 77.5 76.2 

23 76.2 75.0 

24 75.2 73.9 

  Design   

Htg Btuh Clg Ton 

-106,743 254.9 

-215,081 238.8 

-102,407 229.2 

-216,581 221.5 

-96,962 222.0 

-195,340 269.6 

-81,014 344.4 

0 357.7 

-122,890 378.6 

0 401.4 

-95,103 428.0 

0 473.6 

-87,552 516.2 

0 537.3 

-95,631 560.« 

0 546.8 

-144,717 534.4 

-98,838 467.6 

-108,306 390.6 

-117,475 372.5 

-117,849 335.7 

-137,029 311.2 

-169,545 290.3 

-147,237 264.7 

Design 

Htg Btuh Clg Ton 

-107,361 258.6 

-212,744 239.9 

-102,531 231.3 

-215,396 223.2 

-96,867 212.7 

-199,631 267.4 

-84,366 344.7 

-77,963 358.1 

0 379.1 

-118,598 403.8 

0 433.7 

-101,182 479.0 

0 505.7 

-92,449 541.9 

0 553.9 

-120,657 564.7 

-93,778 556.9 

-107,462 471.9 

-117,960 407.2 

-122,330 375.7 

-120,058 352.4 

-170,967 314.1 

-148,799 291.5 

-180,333 278.7 

   Weekday    

Htg Btuh    Clg Ton 

-156,345 206.7 

-123,985 192.6 

-157,550 183.7 

-46,108 165.8 

-217,377 167.8 

-42,424 223.1 

-117,703 320.3 

0 321.3 

-87,643 339.3 

0 360.8 

0 400.6 

-106,814 442.4 

0 481.7 

-89,307 498.7 

0 519.9 

-121,812 510.8 

-81,245 495.4 

-113,598 411.2 

-90,788 343.0 

-204,453 323.1 

-93,182 293.7 

-203,861 264.6 

-86,553 234.7 

-202,765 225.7 

  Saturday  

Htg Btuh Clg Ton 

-82,076 209.7 

-203,113 191.0 

-77,740 181.8 

-126,911 167.0 

-138,588 157.9 

-113,579 I6*-,-8 

-117,703 192-1 

0 256.5 

-87,643 270.8 

0 293.6 

0 332.9 

-106,814 374.9 

0 359.7 

-89,307 382.5 

0 402.5 

-121,812 398.8 

-81,245 387.8 

-113,598 362.0 

-90,788 330.1 

-195,275 313.4 

-93,182 290.7 

-203,861 263.0 

-86,553 239.0 

-202,765 221.7 

  Sunday   

Htg Btuh Clg Ton 

-82,076 207.4 

-203,113 189.0 

-77,740 179.5 

-126,911 164.6 

-138,588 157.2 

-113,579 162.4 

-117,703 192.3 

0 238.7 

-87,643 . 252.5 

0 275.0 

0 313.8 

-106,814 355.3 

0 358.4 

-89,307 382.2 

0 402.5 

-121,812 398.8 

-81,245 387.8 

-113,598 362.0 

-90,788 330.1 

-195,275 313.4 

-93,182 290.7 

-203,861 263.0 

-86,553 239.0 

-202,765 221.7 

  Monday   

Etg Btuh  Clg Ton 

-82,076 207.0 

-203,113 188.6 

-77,740 17S.1 

-126,911 162.9 

-138,588 165.4 

-113,579 222.6 

-117,703 320.9 

0 321.0 

-87,643 339.0 

0 360.5 

0 400.3 

-106,814 442.1 

0 481.5 

-89,307 498.4 

0 519.6 

-121,812 510.6 

-81,245 495.1 

-113,598 411.0 

-90,788 342.8 

-195,275 322.9 

-93,182 293.4 

-203,861 264.3 

-86,553 234.4 

-202,765 225.4 

  Weekday    Saturday  -■.--— Sunday     Honda y  

Htg Btuh Clg Ton Htg Btuh cig Ton Htg Btuh Clg Ton Etg Btuh Clg Ton 

-122,810 212.6 -204,160 214.8 -204,160 212.8 -204,160 212.4 

-160,532 197.5 -80,919 195.9 -80,919 194.0 -80,919 193.6 

-122,959 187.4 -203,169 185.7 -203,169 183.3 -203,169 183.0 

-158,762 176.7 -77,616 178.9 -77,616 176.5 -77,616 174.6 

-43,779 173.8 -122,389 164.9 -122,389 164.2 -122,389 171.4 

-205,758 226.6 -132,821 164.5 -132,821 165.2 -132,821 226.1 

-23,092 321.7 -23,092 193.7 -23,092 193.8 -23,092 322.2 

-106,189 332.5 -106,189 265.4 -106,189 247.1 -106,189 332.2 

0 351.0 0 281.3 0 262.7 0 3S0.6 

-88,929 368.2 -88,929 300.8 -88,929 282.2 -88,929 367.8 

0 407.8 0 340.1 0 321.0 0 407.4 

-87,225 451.2 -87,225 383.9 -87,225 364.3 -87,225 450.9 

0 478.4 0 359.1 0 357.8 0 478.1 

-97,625 502.8 -97,625 387.1 -97,625 386.9 -97,625 502.5 

0 530.2 0 412.9 0 412.8 0 529.9 

-130,625 525.7 -130,625 413.9 -130,625 413.9 -130,625 525.4 

-88,130 523.9 -88,130 412.4 -88,130 412.4 -88,130 523.6 

-93,007 427.5 -93,007 378.5 -93,007 378.5 -93,007 427.2 

-193,368 368.2 -204,066 354.6 -204,066 354.6 -204,066 368.0 

-99,705 336.3 -99,705 326.8 -99,705 326.8 -99,705 336.1 

-204,639 305.7 -204,639 303.2 -204,639 303.2 -204,639 305.5 

-91,840 274.8 -91,840 273.3 -91,840 273.3 -91,840 274.6 

-202,631 242.9 -202,631 247.5 -202,631 247.5 -202,631 242.7 

-86,512 232.5 -86,512 228.5 -86,512 228. 5 -86,512 232.3 
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BUILDING COOL-HEAT DEMAND - ALTERNATIVE 1 

BASELINE MODEL 

September 

Hour  OADB 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

71.2 

70.3 

69.6 

69.1 

68.9 

69.2 

70.1 

71.7 

74.0 

76.7 

79.7 

82.5 

84.6 

86.1 

86.6 

86.1 

84.8 

82.9 

80.6 

78.3 

76.3 

74.6 

73.1 

72.1 

October 

Hour  OADB 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

58.4 

56.7 

55.3 

54.1 

53.2 

52.6 

52.4 

53.5 

56.5 

60.8 

65.7 

70.0 

73.0 

74.1 

73.9 

73.3 

72.4 

71.2 

69.8 

68.1 

66.2 

64.2 

62.3 

60.3 

OAWB 

70.1 

68.7 

67.5 

66.7 

66.0 

65.4 

65.6 

65.4 

65.5 

66.1 

67.7 

69.9 

71.5 

72.9 

73.3 

73.0 

73.3 

74.8 

76.2 

76.1 

75.4 

74.3 

73.1 

71.6 

OAWB 

55.8 

53.9 

52.7 

51.8 

51.0 

50.4 

50.4 

51.1 

52.9 

54.3 

57.3 

60.0 

62.0 

62.2 

62.2 

61.8 

61.7 

62.8 

64.0 

63.7 

62.5 

60.9 

59.2 

57.4 

  Design   

Htg Btuh  Clg Ton 

-212,764 204.1 

-93,908 185.5 

-207,366 176.5 

-89,264 168.2 

-200,507 166.9 

-85,042 212.6 

0 282.7 

-164,958 296.9 

0 318.2 

-109,067 342.4 

0 372.4 

-93,340 401.6 

0 443.5 

-99,472 464.7 

0 474.6 

-138,803 470.8 

-98,741 457.2 

-110,263 399.7 

-118,124 341.9 

-199,116 312.7 

-110,956 288.8 

-189,096 253.4 

-101,495 232.8 

-217,107 209.6 

Design 

Htg Btuh Clg Ton 

-533,725     68.8 

-727,549 

-713,217 

-849,679 

-745,691 

-671,341 

-411,378 

-317,289 

-115,391 

-36,467 

-2,036 

0 

0 

0 

0 

0 

0 

-157,004 

0 

-234,934 

-98,354 

-407,921 

-267,449 

-632,436 

60.0 

55.8 

52.8 

52.6 

73.8 

109.1 

117.3 

130.4 

147.4 

171.8 

202.1 

222.8 

238.1 

246.6 

243.5 

232.5 

183.7 

137.2 

113.3 

94.3 

78.5 

68.3 

61.3 

  Weekday   

Htg Btuh Clg Ton 

0 143.7 

-277,854 131.4 

-14,375 124.1 

-310,679 121.5 

-31,850 118.0 

-278,963 164.5 

-6,579 247.9 

-98,898 266.9 

-33,216 278.0 

-85,159 299.7 

0 339.1 

-90,721 362.0 

0 394.3 

-104,762 424.2 

0 429.7 

-136,315 421.1 

-166,007 402.8 

-93,766 345.3 

-209,538 290.8 

-92,127 260.6 

-202,364 230.3 

-81,259 204.0 

-120,216 180.8 

-138,555 162.8 

 Weekday   

Htg Btuh Clg Ton 

-725,340 58.3 

-1,093,392 

-964,644 

-1,287,338 

-1,099,549 

-1,146,838 

-748,266 

-678,633 

-621,616 

-394,658 

-91,898 

-15,353 

0 

-9,546 

-87,696 

-68,261 

-123,855 

-84,669 

-186,414 

-156,982 

-337,801 

-334,056 

-594,104 

-654,512 

54.3 

52.2 

49.6 

49.7 

68.0 

94.9 

98.7 

107.3 

118.1 

134.1 

168.9 

192.8 

203.2 

206.0 

201.6 

192.8 

146.6 

107.7 

104.1 

87.3 

82.2 

71.4 

64.9 

370 

  Saturday  

Htg Btuh Clg Ton 

-126,242 143.3 

-148,150 129.0 

-147,660 122.1 

-172,512 118.9 

-174,286 110.7 

-164,056 HO-« 

-102,954 127.7 

-98,898 199.5 
0 211.8 

-85,159 234.9 

0 273.4 

-90,721 298.0 

0 280.9 

-104,7C2 311.2 
0 318.9 

-136,315 315.8 

-160,862 301.6 

-123,706 295.4 

-175,813 279.9 

-118,239 252.0 

-175,888 229.6 

-108,179 202.9 

-92,220 186.8 

-167,669 161.2 

■ Saturday—— 

Htg Btuh Clg Ton 

-889,827     62.6 

-927,413 

-1,131,420 

-1,116,557 

-1,298,308 

-1,232,914 

-1,287,104 

-834,033 

-801,867 

-544,940 

-181,423 

-17,528 

0 

0 

0 

-206,072 

0 

-232,030 

-20,712 

-323,909 

-170,225 

-497,318 

-413,746 

-813,820 

5S.8 

53.0 

50.0 

48.1 

47.5 

48.3 

67.6 

71.8 

75.2 

82.9 

111.8 

99.1 

109.8 

113.3 

112.1 

105.8 

100.8 

99.6 

101.3 

88.6 

83.3 

75.1 

65.0 

  Sunday   

Htg Btuh Clg Ton 

-96,140 143.9 

-179,663 129.2 

-114,745 122.2 

-206,500 118.9 

-140,842 110.7 

-196,141 110.6 

-77,433 127.7 

-98,898 182.5 

-24,504 194.7 

-85,159 217.5 

0 255.3 

-90,721 280.0 

0 279.2 

-104,762 310.8 

0 318.8 

-136,315 315.8 

-160,862 301.6 

-93,766 295.4 

-209,538 279.9 

-92,127 252.0 

-202,364 229.6 

-81,259 202.9 

-120,216 186.8 

-138,555 161.2 

— Sunday —  

Htg Btuh Clg Ton 

-731,072     62.6 

-1,083,551 

-977,890 

-1,268,842 

-1,152,156 

-1,369,517 

-1,195,049 

-932,360 

-878,015 

-536,590 

-178,995 

-18,138 

0 

-9,546 

-87,696 

-68,261 

-123,855 

-84,669 

-186,414 

-153,211 

-339,424 

-331,103 

-576,129 

-653,310 

  Monday   

Htg Btuh  Clg Ton 

-126,242 143.6 

-148,150 128.7 

-147,660 121.8 

-173,135 118.7 

-166,157 115.5 

-153,111 164.8 

-99,479 248.5 

-98,898 266.9 

0 278.0 

-85,159 299.7 

0 339.1 

-90,721 362.0 
0 394.3 

-104,762 424.2 
0 429.7 

-136,315 421.1 
-160,862 402.8 

-123,706 34S.3 

-175,813 290.8 

-118,239 260.6 

-175,888 230.3 

-108,179 204.0 
-92,220 180.8 

-167,669 162.8 

Monday 

Htg Btuh    Clg Ton 

-891,073 62.5 

55.8 

53.0 

50.0. 

48.1 

47.5 

48.3 
62.6 

65.4 

67.5 

73.2 

97.3 

97.2 

108.9 
112.8 

111.8 

105.7 

100.7 

99.6 

101.3 

88.6 

83.3 

75.1 

65.0 

-928,832 

-1,132,988 

-1,118,109 

-1,263,580 

-994,260 

-840,321 
-705,645 

-519,811 

-449,902 

-101,887 

-15,353 

0 

0 

0 

-206,072 

0 

-232,030 

-20,712 

-327,680 

-168,602 

-500,270 

-431,721 

-815,022 

55.7 

52.9 

49.9 

49.8 

68.1 

95.0 

98.7 

107.3 

118.0 

133.8 

168.9 

192.8 

203.2 

206.0 

201.6 

192.8 

146.6 

107.7 

104.1 

87.3 

82.2 

71.4 

64.9 
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BUILDING  COOL-HEAT  DEMAND   -  ALTERNATIVE   1 

BASELINE   MODEL 

November  Deal 5=   Weekday     Saturday   Sund iy   Mondj »y  

Hour OADB OAWB Htg  Btuh Clg Ton Htg  Btuh Clg Ton Btg Btuh Clg Ton Htg Btuh Clg Ton Htg Btuh Clg Ton 

1 56.4 54.8 -665,778 55.8 -1,145,732 53.2 -885,015 57.6 -914,067 57.7 -886,415 57.6 

2 54.7 53.1 -975,526 53.1 -998,770 50.2 -1,254,004 51.9 -1,224,656 51.9 -1,255,601 51.8 

3 53.3 51.8 -809,399 51.1 -1,382,354 48.5 -1,119,905 49.4 -1,149,485 49.4 -1,121,500 49.3 

4 52.1 50.4 -1,082,277 48.3 -1,203,266 47.3 -1,465,509 47.7 -1,435,623 47.7 -1,467,236 47.6 

S 51.2 49.7 -884,326 47.2 -1,556,191 47.1 -1,301,356 47.3 -1,331,595 47.3 -1,303,071 47.2 

6 50.6 49.1 -1,045,431 46.9 -1,302,959 .47.6 -1,566,760 46.1 -1,537,813 46.1 -1,535,198 47.7 

7 50.5 49.0 -608,384 67.0 -1,357,620 64.4 -1,367,545 45.2 -1,394,972 45.2 -1,141,566 64.5 

8 51.2 49.7 -568,120 104.9 -750,442 91.0 -1,423,079 «.0 -1,423,079 46.0 -876,922 91.0 

9 53.3 50.9 -240,459 114.0 -775,424 95.5 -863,389 64.7 -962,708 59.8 -802,670 95.6 

10 56.4 52.3 -108,726 12S.7 -559,992 101.6 -822,871 67.7 -738,063 61.7 -486,390 101.6 

11 60.0 54.1 -34,182 145.8 -455,328 113.0 -453,813 72.3 -587,357 65.0 -386,952 111.9 

12 63.7 56.5 -1,920 173.7 -153,199 124.5 -411,545 76.8 -398,601 68.4 -263,446 124.5 

13 66.8 58.1 0 194.3 -55,882 140.0 -89,183 88.4 -121,060 77.2 -55,882 140.0 

14 68.9 59.6 0 208.5 -26,130 164.5 -50,76S 72.1 -50,765 70.4 -36,072 164.5 

15 69.6 60.0 0 216.0 -106,969 175.1 -24,177 80.3 -24,177 79.3 -18,792 175.1 

16 69.4 60.2 -8,482 214.2 -87,318 174.3 -161,201 80.3 -161,201 79.8 -155,149 174.3 

17 68.9 60.4 -157,598 201.6 -35,488 167.1 -81,735 76.8 -53,031 76.6 -66,884 167.1 

18 68.0 62.1 -11,685 192.8 -285,936 176.7 -256,312 83.0 -291,803 82.8 -224,738 176.7 

19 66.8 62.5 -230,397 136.8 -120,722 126.5 -191,851 82.7 -161,165 82.6 -151,407 126.5 

20 65.4 62.0 -126,171 87.5 -445,521 80.5 -405,415 78.5 -435,656 78.4 -415,280 80.5 

21 63.7 60.8 -438,013 75.3 -294,210 79.1 -352,232 77.2 -322,242 77.2 -324,200 79.1 

22 61.9 59.5 -384,054 64.9 -697,454 69.4 -651,264 70.4 -680,946 70.4 -667,772 69.4 

23 60.0 58.0 -686,293 60.4 -596,733 68.0 -623,868 68.9 -594,798 68.9 -625,803 68.0 

24 58.2 56.3 -578,267 55.9 -989,561 59.7 -935,231 62.4 -964,066 62.4 -960,726 59.7 

1*1 *fc naiwln »~     V««VHav  ■             SatnrdAV-——   Sunday     Monday   

Eour OADB OAWB Btg Btuh    Clg Ton Htg Btuh Clg Ton Btg Btuh Clg Ton Etg Btuh Clg Ton Htg Btuh Clg Ton 

1 47.7 45.9 -1,176,115 50.3 -1,541,616 48.0 -1,735,267 48.3 -1,657,040 48.2 -1,777,015 48.1 

2 46.2 44.5 -1,461,035 48.3 -1,881,858 47.5 -1,688,344 47.6 -1,777,405 47.6 -1,675,556 47.5 

3 45.0 43.4 -1,335,883 47.1 -1,773,532 46.8 -1,960,151 46.8 -1,853,248 46.8 -1,934,636 46.8 

4 44.3 42.7 -1,562,907 46.0 -1,984,917 46.4 -1,793,595 46.4 -1,906,649 46.4 -1,835,497 46.3 

S 44.1 42.8 -1,414,694 45.2 -1,868,306 45.2 -2,058,330 4S.2 -1,956,821 45.2 -2,049,727 45.2 

6 44.6 43.1 -1,543,574 45.0 -1,997,324 44.9 -1,830,976 43.6 -1,911,327 43.6 -1,781,034 44.9 

7 45.9 44.4 -1,098,410 61.1 -1,450,514 58.6 -1,920,915 42.2 -1,848,796 42.2 -1,669,297 58.6 

8 48.0 46.5 -821,849 87.8 -1,183,199 81.3 -1,572,664 42.0 -1,646,462 42.0 -1,004,913 81.4 

9 50.6 48.8 -651,368 94.8 -911,967 86.0 -1,126,957 59.0 -1,225,033 54.7 -932,042 86.2 

10 53.6 51.0 -389,166 102.2 -721,747 90.2 -1,105,943 59.1 -1,101,891 54.0 -873,706 90.3 

11 56.5 52.8 -2S6,768 111.9 -642,779 99.1 -777,272 63.9 -726,966 57.6 -574,729 99.1 

12 59.1 54.3 -89,294 123.9 -471,766 109.4 -561,572 69.0 -736,887 61.5 -395,692 109.1 

13 61.2 55.3 -52,280 141.0 -294,184 115.8 -419,400 71.9 -423,005 63.8 -294,184 116.2 

14 62.6 56.2 -30,306 155.9 -172,429 122.2 -409,501 47.3 -436,061 46.4 -220,420 122.2 

15 63.0 56.3 -24,560 163.2 -217,236 126.3 -340,628 50.0 -318,335 49.3 -169,756 126.3 

16 62.8 56.2 -183,293 162.6 -198,072 128.4 -425,755 52.5 -355,263 51.9 -294,239 128.4 

17 62.1 S6.1 -47,707 149.4 -420,000 125.1 -546,466 52.8 -607,144 52.4 -324,095 125.1 

18 61.0 56.8 -256,289 137.4 -334,274 127.6 -623,609 S6.2 -540,129 55.9 -429,278 127.6 

19 59.5 56.4 -291,091 96.2 -787,386 88.2 -765,702 57.8 -891,181 57.6 -678,931 88.2 

20 57.7 55.1 -776,743 66.0 -772,505 59.8 -888,582 57.4 -768,721 57.2 -882,865 59.8 

21 55.7 53.5 -668,914 61.1 -1,125,595 55.1 -1,044,882 53.3 -1,165,224 53.3 -1,017,076 55.1 

22 53.6 51.3 -1,083,528 56.6 -1,101,152 49.5 -1,186,20S 49.6 -1,066,474 49.5 -1,206,385 49.5 

23 51.5 49.6 -961,996 54.1 -1,442,698 50.1 -1,348,994 SO.3 -1,467,998 50.2 -1,340,916 50.1 

24 49.5 47.8 -1,316,399 50.1 -1,443,686 48.8 -1,487,665 50.1 -1,369,151 50.1 -1,542,199 48.8 
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BUILDING  TEMPERATURE  PROFILES   -   ALTERNATIVE   1 

BASELINE   MODEL 

BUILDING        TEMPERATURE     PROFILES 

Temperature lone Number - 

Range 1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 

(F) 

Max. Temp. 72 .6 72 .1 72 .8 72 .7 73.5 72 .5 72 .0 73 .5 72 !.0 73.4 74.5 73 .3 73 1.6 73 1.6 74 .3 73.7 73.7 73.7 73 1.0 

Mo./Hr. 6 15 5 1 6 14 8 IS 6 15 5 3 1 1 6 1 1 1 6  1 6 16 '9 16 4 15 4 15 6 16 6 17 6 17 6 17 6 17 

Day Type 1 1 1 1 1 1 1 1 1     1 1 1 1 1 1 1 1 1 1 

Above 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

95 - 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

90 -  9S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

85 -  90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

80 -  85 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 

75 -  80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

70 -  75 8,760 8,506 7,470 8,760 8,408 8,301 8,450 8,158 8,737 8,150 8,760 8,760 8,760 8,760 8,760 8,760 8,7«0 8,760 8,760 

65 -  70 0 254 1,290 0 352 459 310 602 23 610 0 0 0 0 0 0 o 0 0 

60 -  65 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

55 -  60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

50 -  55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Below 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Min. Temp. 70 .8 68 .9 66 .8 70 .8 69.7 66 .8 68 .7 66 .7 7C 1.0 66.7 71.1 71 .3 70 1.8 7C 1.8 71 .3 71.9 71-9 71.9 71.9 

Mo./Ex. 1 7 1 9 1 5 1 1 1  1 2 9 1 8 1 7 2 8 1  7 2 10 1 8 1 15 1 15 1 5 1 20 1 11 1 20 1 10 

Day Type 2 2 2 2 2 2 2 1 2 2 3 1 2 2 1 1 1 1 1 
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BUILDING  TEMPERATURE   PROFILES   -  ALTERNATIVE   1 

BASELINE   MODEL 

BUILDING        TEMPERATURE     PROFILES 

rature one  Number - Tempel 

Range 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 

(F) 

Max. Temp. 73.7 73.4 73.7 72 .6 73.2 72 .1 73.6 72 .0 73.6 72.7 72.6 73 .6 72 .4 72 .0 72 .0 72 .0 72 .0 72 .0 72 .0 

Mo./Hr. 6 17 6 16 6 17 6 17 6 17 6 16 6 17 1 1 6 17 8   17 6   16 6 16 6 8 1 1 1 1 1 1 1 1 1 1 1 1 

Day Type 1 1 1 1 1 1 1 1 1             1 

Wiimhor"   nf 

1 

Hours 

1 1 1 1 1 1 1 1 

Above  100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

95 -  100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

90 -     95 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

85 -     90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

80 -     85 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

75 -     80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

70 -     75 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 

65 -     70 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

60 -     65 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

S5 -     60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

50 -     55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Below 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Min. Temp. 71.9 71.9 71.9 71.9 71.9 71 .9 71.9 71 .9 71.9 71.9 71.9 71.9 71 .9 71 .9 71 .9 71 .9 71 .9 71.9 71.9 

Mo./Hr. 1 20 1 20 1 20 1 11 1 11 1 1 1 19 1 4 1 19 1   11 1   11 1 19 1 2 1 18 1 11 2 2 2 2 2 15 4 21 

Day Type 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 2 1 
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BUILDING  TEMPERATURE  PROFrLES   -  ALTERNATIVE   1 

BASELINE   MODEL 

BUILDING        TEMPERATORE     PROFILES 

Temperature 

Range 

(F) 

39 40 41 42 43 44 45 46 

— Zone Number - 

47          48          49 so 51 52 53 54 55 56 57 

Max. Tenp. 72 .0 72 .0 72 .0 72 .0 72 .0 72 .0 72 .0 72 .0 74.4 72.0 72.0 • ̂ 72 .0 72 .0 72 .0 72 .0 7£ .3 74.7 75 .4 72.0 

Mo./Hr. 1 1 1 1 1 1 1 1 1 1 1 2 1 2 1 1 6 18 1     1 1     1 1 1 1 1 1 1 1 1 6 17 6   18 6 18 1     1 

Day Type 1 1 1 1 1 1 1 1 1             1 

HiiniK*r   r\-f 

1 

Hours 

1 1 1 1 1 1 1 1 

Above  100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

95 -  100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

90 -     95 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

85 -     90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

80 -     85 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

75 -     80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

70 -     75 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 8,760 

65 -     70 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

60 -     65 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

55 -     60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

50 -     55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Below 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Min. Temp. 71 .9 71 .9 71 .9 71 .9 71 .9 71 .9 71 .9 71 .9 71.9 71.9 71.9 71 .9 71.9 71 .9 71 .9 71.9 71.8 71.9 71.9 

Mo./Ex. 4 23 1 22 1 12 1 10 2 16 1 1 1 1 2 16 1 8 1     4 1 21 1 21 1 IS 1 3 1 15 1 20 1   16 1 3 1  15 

Day Type 1 1 1 2 2 1 1 1 3 1 1 - 1 1 1 1 1 3 1 1 
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MONTHLY ENERGY CONSUMPTION - ALTERNATIVE 1 

BASELINE MODEL 

 MONTHLY   ENERGY   CONSUMPTION 

Month 

Jan 

Feb 

March 

April 

May 

June 

July 

Aug 

Sept 

Oct 

Hov 

Dec 

Total 

ELEC DEMAND GAS GAS DMND 

On Peak On Peak On Peak WATER On Peak 

(kWh) (kW) (Therm) (1000 Gl) (Thrm/hr) 

445,229 802 16,459 206 35 

399,481 803 15,400 183 37 

464,572 872 9,170 270 25 

496,435 1,029 4,243 443 13 

535,096 1,048 3,322 618 9 

567,035 1,056 2,744 844 6 

591,031 1,077 2,870 923 6 

604,737 1,087 2,904 966 6 

536,973 1,057 2,896 709 7 

473,992 878 7,126 318 22 

447,031 871 8,576 264 25 

447,881 825 13,262 222 32 

6,009,495 1,087 88,973 5 ,965 37 

Building Energy Consumption 

Source Energy Consumption 

148,910 (Btu/Sq Ft/Year) 

359,027 (Btu/Sq Ft/Year) 

Floor Area 197,486 (Sq Ft) 
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EQUIPMENT  ENERGY  CONSUMPTION   -  ALTERNATIVE   1 

BASELINE   MODEL 

EQUIPMENT        ENERGY        CONSUMPTION 

Ref Equip 

Hun Code 

0 LIGHTS 

ELEC 

PK 

1 MISC LD 

ELEC 

PK 

2 MISC LD 

GAS 

PK 

3 MISC LD 

OIL 

PK 

4 HISC LD 

P STEAM 

PK 

5 HISC LD 

P HOTH20 

PK 

6 MISC LD 

P CHILL 

PK 

Apr 

- Monthly Consumption   

May   June   July    Aug Sep 

97029   87721  101425   93220   99227   97590   94858  101425 ■• 93220   99227   93168   94858 

279.4   279.4   279.4   279.4   279.4   279.4-  279.4   279.4   279.4   279.4   279.4   279.4 

6095 5513 6246 5890 6170 6027 6034 6246 5890 6170 5861 6034 

14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

o 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

Total 

1,152,968 

279.4 

72,176 

14.7 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

ELEC 

PK 

BASE UTILITY 

37200   33600   37200   36000   37200   36000   37200   37200   36000   37200   36000   37200 

50.0    50.0    50.0    50.0    50.0    50.0    50.0    50.0    50.0    50.0    50.0    50.0 

438,000 

SO.O 

HOTLD 

PK 

BASE UTILITY 

1284    1160    1284    1243    1284    1243    1284    1284    1243    1284    1243    1284 

1.7     1.7     1.7     1.7     1.7     1.7     1.7     1.7     1.7     1.7     1.7     1.7 

15,123 

1.7 

1  EQ1008L 3-STG CTV >200 TONS 

ELEC 35635   31748   45542   75875   61511   60038   66725   68388   54813   54626   4S044   37962 

PK 86.7    88.3   156.5   176.6   177.5   190.3   194.6   193.8   179.4   168.6   155.0   108.7 

637,905 

194.6 

1  EQ5100 

ELEC 

PK 

COOLING TOWER 

7295    4278   12186   14317   10480    7755 

19.9    19.9    19.9    19.9    19.9    19.9 

8014    8014    8352   14795   13435    9854 

19.9    19.9    19.9    19.9    19.9    19.9 

118,775 

19.9 

1  EQ5100 

WATER 

PK 

COOLING TOWER 

184     163     247     401 

0.5     0.5     0.8     0.9 

322 301 329 335 282 296 242 200 

0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.6 

376 
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1  EQ5001 CHILLED HATER PUMP C.V. 
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EQUIPMENT ENERGY CONSUMPTION - ALTERNATIVE 1 

BASELINE MODEL 

ELEC 

PK 

36987 

49.7 

33407 

49.7 

36987 

49.7 

35794 

49.7 

26199 

49.7 

19388 

49.7 

20035 

49.7 

20035 

49.7 

20880 

49.7 

36987 

49.7 

35794 

49.7 

36987 

49.7 

355,478 

45.7 

1  EQS010 

ELEC 

PK 

CONDENSER HATER PUMP C.V. 

14795   13363   14795   14317   10480 

19.9    19.9    19.9    19.9    19.9 

7755 8014 8014 8352 14795 14317 14795 143,791 

19.9 19.9 19.9 19.9 19.9 19.9 19.9 19.9 

1  EQ5300 

ELEC 

PK 

CONTROL PANEL t   INTERLOCK 

744     672     744     720     527 

1.0     1.0     1.0     1.0     1.0 

390 403 403 .. 420 744 720 744 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 

7,231 

1.0 

2  EQ1008L 

ELEC 

PK 

3-STG CTV >200 TONS 

0       0       0    4941   45683 

0.0     0.0     0.0   187.9   232.0 

82744 89876 93612 67028 0 0 0 383,883 

246.9 251.7 253.0 239.8 139.5 0.0 0.0 253.0 

2  EQ5100 

ELEC 

PK 

COOLING TOWER 

0        0        0    3480 

0.0     0.0     0.0    24.9 

258 11434 12329 12901 10191 0 0 0 

4.9 24.9 24.9 24.9 24.9 24.9 0.0 0.0 

57,593 

24.9 

2  EQ5100 

HATER 

PK 

0 

0.0 

COOLING TOWER 

0        0 

0.0     0.0 

20 

1.2 

269 

1.4 

461 

1.4 

495 

1.4 

512 

1.4 

382 

1.4 

0 

0.9 

0 

0.0 

0 

0.0 

2,139 

1.4 

2  EQ5001 

ELEC 

PK 

CHILLED WATER PUMP C.V. 

0       0       0    5568   11613 

0.0     0.0     0.0    39.8    39.8 

8613 19925 20641 16306 0 0 0 92,666 

39.8 39.8 39.8 39.8 39.8 0.0 0.0 39.8 

2  EQ5010 

ELEC 

PK 

CONDENSER WATER PUMP C.V. 

0       0       0    3480    7258 

0.0     0.0     0.0    24.9    24.9 

11633 12453 12901 10191 0 0 0 57,916 

24.9 24.9 24.9 24.9 24.9 0.0 0.0 24.9 

2  ES5300 

ELEC 

PK 

CONTROL PANEL i INTERLOCK 

0        0        0      140     292 

0.0     0.0     0.0     1.0     1.0 

468 501 519 410 0 0 0 

1.0 1.0 1.0 1.0 1.0 0.0 0.0 

2,330 

1.0 

3  EQ1008L 

ELEC 

PK 

3  EQ5100 

ELEC 

PK 

3-STG CTV >200 TONS 

0 0       0 0 0 34 115 0 36 0 0 0 

0.0 0.0     0.0 

COOLXNG TOWER 

0.0 0.0 35.7 37.8 0.0 33.5 0.0 O.O 0.0 

0 0        0 0 1750 4057 4454 4991 2088 0 0 0 

o.o 0.0     0.0 0.0 19.9 19.9 19.9 19.9 19.9 0.0 0.0 0.0 

185 

37.8 

17,340 

19.9 

3  EQ5100 

WATER 

PK 

0 

0.0 

COOLING TOWER 

0        0 

0.0      0.0 

0 

0.0 

4 

0.3 

61 

0.7 

77 

0.8 

97 

0.8 

22 

0.4 

0 

0.0 

0 

0.0 

0 

0.0 

261 

0.8 

3  EQ5001 

ELEC 

PK 

0 

0.0 

CHILLED WATER  PUMP  C.V. 

00000000000 

0.0     0.0     0.0     0.0     0.0     0.0     0.0     0.0     0.0      0.0      0.0 

0 

0.0 

3  EQ5010 

ELEC 

PK 

CONDENSER WATER PUMP C.V. 

0        0        0        0        0 

0.0     0.0     0.0     0.0     0.0 

398 616 0 99 0 0 0 

9.9 19.9 19.9 19.9 19.9 0.0 0.0 
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EQ5300 CONTROL PANEL  &   INTERLOCK 
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EQUIPMENT  ENERGY  CONSUMPTION 

BASELINE  MODEL 

ALTERNATIVE   1 

ELEC 

PK 

1 EQ4003 

ELEC 

PK 

1 EQ4003 

ELEC 

PK 

1 EQ4002 

ELEC 

PK 

2 EQ4003 

ELEC 

PK 

2 EQ4003 

ELEC 

PK 

2 EQ4002 

ELEC 

PK 

3 EQ4001 

ELEC 

PK 

3 EQ4002 

ELEC 

PK 

4 EQ4001 

ELEC 

PK 

S EQ4003 

ELEC 

PK 

5 EQ4003 

ELEC 

PK 

5 EQ4002 

ELEC 

PK 

6 EQ4003 

ELEC 

PK 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

20 

1.0 

31 

1.0 

FC CENTRIF. FAN C.V. 

7142    6451    7142    6912    7142    6912    7142 

9.6     9.6     9.6     9.6     9.6     9.6     9.6 

0 

1.0 

7142 

9.6 

5 

1.0 

0 

1.0 

0 

0.0 

0 

0.0 

6912    7142    6912    7142 

9.6     9.6     9.6     9.6 

FC CEHTRIF. FAN C.V. 

2971    2683    2971    2875    2971    2875    2971    2971 .-,  2875    2971    2875    2971 

4.0     4.0     4.0     4.0-    4.0     4.0     4.0     4.0 4.0 

74 

0.1 

4.0 4.0 4.0 

BI CEKTRIF. FAN C.V. 

67     74     72     74 

0.1     0.1     0.1     0.1 

72 74 74 72 74 72 74 

.1 0.1 0.1 0.1 0.1 0.1 0.1 

72 74 74 72 74 72 74 

0.1 0.1 0.1 0.1 0.1 0.1 0.1 

FC CEHTRIF. FAN C.V. 

16740   15120   16740 16200   16740 16200 16740 16740 16200 16740 16200 16740 

22.5    22.5   22.5 22.5   22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 

FC CEHTRIF. FAN C.V. 

6963    6290    6963 6739   6963 6739 6963 6963 6739 6963 6739 6963 

9.4     9.4     9.4 9.4    9.4 9.4 9.4 9.4 9.4 9.4 9.4 9.4 

BI CEHTRIF. FAN C.V. 

74      67     74     72     74 

0.1     0.1     0.1     0.1     0.1 

AIRFOIL CENTRIF. FAN C.V. 

25817   23318   25817   24984   25817   24984   25817   25817   24984   2S817   24984   25817 

34.7    34.7    34.7    34.7    34.7    34.7    34.7.   34.7    34.7    34.7    34.7    34.7 

BI CEHTRIF. FAN C.V. 

296     268     296     287 

0.4     0.4     0.4     0.4 

AIRFOIL CENTRIF. FAN C.V. 

23659   21370  23659   22896  23659 22896 23659 23659 22896 23659 22896 23659 

31.8    31.8    31.8    31.8    31.8 31.8 31.8 31.8 31.8 31.8 31.8 31.8 

FC CZ8TRIF. FAN C.V. 

20311   18346   20311   19656  20311 19656 20311 20311 19656 20311 19656 20311 

27.3    27.3    27.3   27.3   27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3 

FC CEHTRIF. FAN C.V. 

9427    8515    9427    9123   9427 

12.7    12.7    12.7    12.7    12.7 

296 287 296 296 287 296 287 296 

0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

BI CENTRIF. FAN C.V. 

2470    2231    2470 2390 

3.3     3.3     3.3 3.3 

FC CSNTRIF. FAN C.V. 

7589    6854    7589 7344 

10.2    10.2    10.2 10.2 

2470    2390 

3.3     3.3 

56 

1.0 

84,096 

9.6 

34,975 

4.0 

874 

0.1 

197,100 

22.5 

81,989 

9.4 

872 

0.1 

303,972 

34.7 

3,490 

0.4 

278,568 

31.8 

239,148 

27.3 

9123 9427 9427 9123 9427 9123 9427 111,001 

12.7 12.7 12.7 12.7 12.7 12.7 12.7 12.7 

2470 2470 2390 2470 2390 2470 29,081 

3.3 3.3 3.3 3.3 3.3 3.3 3.3 

7589 7344 7589 7589 7344 7589 7344 7589 89,352 

10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 
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6      EQ4003 FC  CENTRIF.   FAN C.V. 
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^^^    EQUIPMENT ENERGY CONSUMPTION - ALTERNATIVE 1 

^^F    BASELINE MODEL 

ELEC 1785 1612 1785 1727 1785 1727 1785 1785 1727 1785 1727 1785 21,012 

PK 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 

6 EQ4002 BI CENTRIF. FAN C.V. 

ELEC 3494 3156 3494 3382 3494 3382 3494 3494 3382 3494 3382 3494 41,142 

PK 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 

7 EQ4003 FC CENTRIF. FAN C.V. 

ELEC 32066 28963 32066 31032 32066 31032 32066 32066 •• 31032 32066 31032 32066 377,556 

PK 43.1 43.1 43.1 43.1 43.1 43.1 43.1 43.1 43.1 43.1 43.1 43.1 43.1 

7 EQ4003 FC CENTRIF. FAN C.V. 

ELEC 10025 9054 10025 9701 10025 9701 10025 10025 9701 10025 9701 10024 118,030 

PK 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 

7 EQ4002 BI CENTRIF. FAN C.V. 

ELEC 2805 2534 2805 2715 2805 2715 2805 2805 2715 2805 2715 2805 33,030 

PK 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 

8 EQ4003 FC CENTRIF. FAN C.V. 

ELEC 19344 17472 19344 18720 19344 18720 19344 19344 18720 19344 18720 19344 227,760 

PK 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 

8 EQ4003 Fc a JNTRIF. FAN C.V. 

ELEC 6016 5434 £016 5822 6016 5822 6016 6016 5822 6016 5822 6016 

PK 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 

8 EQ4002 BI CENTRIF. FAN C.V. 

ELEC 1695 1531 1695 1640 1695 1640 1695 1695 1640 1695 1640 1695 

PK 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 

1 EQ2004 CAS WATER TUBE STEAM 

GAS 16459 15400 9170 4243 3322 2744 2870 2904 2896 7126 8576 13262 

PK 34.5 36.7 25.1 13.5 8.9 5.8 5.6 5.5 6.9 22.0 24.8 31.9 

1 EQ5020 BEAT WATER CIRC. POMP C.V. 

ELEC 1981 1789 1981 1917 1981 1917 1981 1981 1917 1981 1917 1981 

PK 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 

1 EQ5240 BOILER FORCED DRAFT FAN 

ELEC 4307 3890 4307 4168 4307 4168 4307 4307 4168 4307 4168 4307 

PK 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 

1 EQ5307 BOILER CONTROLS 

ELEC 372 336 372 360 372 360 372 372 360 372 360 372 

PK 0.5 O.S 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

1 EQ5062 CONDENSATE RETURN PUMP 

ELEC 2024 1828 2024 1959 2024 1959 2024 2024 1959 2024 1959 2024 

PK 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 

1 EQ5406 MAKE -UP WATER 

WATER 22 20 22 22 22 22 22 22 22 22 22 22 

PK 0.0 0.0 0.0 0.0 0.0 0.0 

382 
0.0 0.0 0.0 0.0 0.0 0.0 

70,831 

8.1 

19,957 

2.3 

88,973 

36.7 

23,326 

2.7 

50,710 

5.8 

4,380 

0.5 

23,834 

2.7 

263 

0.0 



2  EQ2004 GAS WATER TOBE STEAM 
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CALIFORNIA TITLE 24 COMPLIANCE - ALTERNATIVE 1 

BASELINE MODEL 

 CALIFORNIA TITLE 24 COMPLIANCE REPORT 

Weather Name  

Gross Conditioned Floor Area (mqft). 

ACM Multiplier   

MOBILE.H 

197,486 

1.02S 

ENERGY   USE   SUMMART 

ELEC CAS MATER 

(kWh/yr)     (kBtu/yr)    (1000 gal) 

PERCENT TOTAL ADJUSTED 

OF TOTAL SOURCE UNIT SOURCE 

ENERGY ENERGY ENERGY 

(t) (kBtu/yr) (kBtu/yx-af) 

Primary Heating 

Primary Cooling 

Compressor 

Tower/Cond Fans 

Condenser Pump 

Other Accessories 

Auxiliary 

Supply Fans 

Circulation Pumps 

Base Utilities 

Subtotal 

Lighting 

Receptacle 

Domestic Hot Water 

Cogeneration 

Totals 

78,923.2       6,736,824.0 198.9 23.8       7,899,569.0 41.0 

1,021,974.1 0.0 0.0 11.9 10,465,038.0 54.3 

193,708.0 0.0 5,702.8 2.2 1,983,574.8 10.3 
202,821.0 0.0 0.0 2.4 2,076,891.6 10.8 

9,617.0 0.0 0.0 0.1 98,478.3 0.5 

2,363,839.0 0.0 0.0 27.4 24,205,768.0 125.6 

475,470.3 0.0 0.0 5.5 4,868,827.0 25.3 

438,000.0 0.0 0.0 5.1 4,485,130.5 23.3 

3,277,309.2 0.0 0.0 38.0 33,559,724.0 174.2 

1,152,967.5 0.0 0.0 13.4 11,806,414.0 S9.8 

72,175.6 0.0 0.0 0.8 739,080.3 3.7 

0.0 2,160,435.8 63.8 7.3 2,274,143.0 11.5 

0.0 0.0 0.0 0.0 0.0 0.0 

6,009,495.5 8,897,260.0 5,965.4 100.0 70,902,912.0 366.1 
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UTILITY  PEAK  CHECKSUMS 

BASELINE   MODEL 

ALTERNATIVE   1 

UTILITY CHECKSUMS 

Utility        ELECTRIC   DEMAND 

Peak Value 1,087.2        (kW) 

Yearly Time of Peak  10 (hr)   8 (mo) 

Hour 10  Month  8 

Eqp. 

Ref. Equipment 

Num. Code Name Equipment Description 

Utility    Percnt 

Demand    Of Tot 

<W») (%> 

Cooling Equipment 

EQ1008L   3-STG CTV >200 TONS 

EQ1008L   3-STG CTV >200 TONS 

279.1       25.67 
182.5       14.79 

Sob Total 4SI.«       42.4« 

Heating Equipment 

1 EQ2004    GAS WATER TUBE STEAM 

Sub Total 

11.7 

11.7 

1.07 

1.07 

Air Moving Equipment 

SUMMATION OF 

SUMMATION OF 

SUMMATION OF 

SUMMATION OF 

SUMMATION OF 

SUMMATION OF 

SUMMATION OF 

SUMMATION OF 

FAN ELECTRICAL 

FAN ELECTRICAL 

FAN ELECTRICAL 

FAN ELECTRICAL 

FAN ELECTRICAL 

FAN ELECTRICAL 

FAN ELECTRICAL 

FAN ELECTRICAL 

DEMAND 

DEMAND 

DEMAND 

DEMAND 

DEMAND 

DEMAND 

DEMAND 

DEMAND 

13.7 1.2« 

32.0 2.94 

35.1 3.23 

31.8 2.92 

43.3 3.98 

17.3 1.59 

60.3 5.55 

36.4 3.34 

Sub Total 269.8   24.82 

Sub Total 0.0 0.00 

Miscellaneous 

Lights 

Base Utilities 

Misc Equipment 

Sub Total 

279.4 25.69 

50.0 4.60 

14.7 1.35 

344.1 31.CS 

Grand Total 1,087.2     100.00 
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EQUIPMENT ENERGY CONSUMPTION - ALTERNATIVE 1 

BASELINE MODEL 

GAS 0 0 0       0 0 0 0 0 0 0 0 0 

PK 0.0 0.0 0.0     0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2 EQ5020 HEAT WATER CIRC. PUMP c.v. 
ELEC 0 0 0       0 0 0 0 0 0 0 0 0 

PK 0.0 0.0 0.0     0.0 0.0 0.0 0.0 0.0 0^0 0.0 0.0 0.0 

2 EQ5240 BOILER FORCED DRAFT FAN 

ELEC 0 0 0       0 0 0 0 0 ■' 0 0 0 0 

PK 0.0 0.0 0.0     0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2 EQ5307 BOILER CONTROLS 

ELEC 0 0 0       0 0 0 0 0 0 0 0 0 

PK 0.0 0.0 0.0     0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 

2 EQ5062 CONDENSATE RETURN PUMP 

ELEC 0 0 0       0 0 0 0 0 0 0 0 0 

PK 0.0 0.0 0.0     0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2 EQ5406 MAKE-UP HATER 

MATER 0 0 0      0 0 0 0 0 0 0 0 0 

PK 0.0 0.0 0.0     0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 
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