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ENERGY CONSERVATION REPORT 

Analysis Data Summary 

SCOPE: This report is developed as part of the Fermilab D-0 Experimental 
Facility Project Title II Design Documentation Update under the provisions of 
D.O.E. Document 6430.1, Chapter XIIl-21, Section 14, paragraph a. As such, 
it concentrates primarily on HVAC mechanical systems design optimization and 
cost analysis. 

a. Identification of Methods used for Building Energy Consumption 
Anal sis: Carrier Corporation Model E20-II software run on an IBM 
PS 2 computer has been used to generate all loads, weather 
calculations, system simulations, life cycle costs, and payback data. 
This program has been used in conjunction with published data from: 

1. ASHRAE Fundamentals - Chapter 24: Weather data and design 
considerations 

2. Fermilab On-Site Records of lake and cooling pond performance 

3. Air Force Manual 88-29: Facility design and planning engineering 
weather data 

4. Richardson Engineering Services Corporation: Construction Costs 
Data 

b. Methodology of Analysis: Life cycle cost analysis employs the unified 
present worth approach. Significant figures used in this exercise are 
20 years reflecting minimum useful system life and 7.0% discount 
factor based upon projected outlooks from Chase, Data Resource 
Institute, Mellon and Evans. Project construction costs are paid off 
as a lump sum in the first year without amortization. The electrical 
energy escalation costs, used in consideration of the same projected 
outlooks used for the discount factor, seem rather conservative in the 
light of Illinois Edison's particular problems with over-built nuclear 
facilities coming on line. 

Payback analysis is based on the simple payback method with a 
maximum two (2) year return on investment period targeted. 

Building energy analysis is based on the bin method with 
temperature/humidity projections made by algorithm from the 
ASHRAE design weather data. System performance is executed in 
an integrated dynamic fashion from selected points of rating. 
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To analyze a complex structure, like this facility, the total building 
was divided into three (3) Subconstructions based upon the entirely 
different design conditions and systems employed in each of these 
zones. In essence, each of these subconstructions is analyzed as a 
separate building except insofar as they affect one another at their 
thermodynamic boundaries. The three (3) basic subconstructions are 
as follows: 

Subcon 1/3: Describes the Collision and Assembly Halls 

Subcon 2/3: Describes the Movable Counting House, Detector 
Platform and Side Bay Areas, together with the Deionized Chilled 
Water Systems 

Subcon 3/3: Describes the Low Conductivity Cooling Water Systems 

Applicable alternative mechanical systems were selected for each of 
the Subconstructions and were then combined as total building 
combined systems into several possible arrangements. These were 
then compared to each other, including the designed combined 
systems arrangement and FY1975 combined systems arrangement, to 
evaluate their merits. 

For Subconstruction 1/3 (the Collision and Assembly Halls), three (3) 
alternative HV AC systems were evaluated, including a typical 
FY1975 design. The systems were: 

1. Reciprocating chillers with lake water cooling, chilled water free 
cooling heat exchanger, pump cycling, high bay heat circulating 
fans, lake water filtration, integrated DDC controls, high 
efficiency motors, central station air handling units with nested 
fan inlet vanes and integrated enthalpy economizer. This 
represents our as designed system. 

2. Centrifugal chillers with all other energy features incorporated in 
the systems arrangement above. This represents Alternate 
System No. 1. 

3. Reciprocating chillers with pond water cooling and none of the 
energy features incorporated in the systems arrangements above. 
This represents Alternate System No. 2, our FYl 97 5 basic 
system design. 

For Subconstruction 2/3 (the Movable Counting House, Detector 
Platform and Side Bay Areas, together with the Deionized Chilled 
Water Systems), three (3) alternative HV AC systems were evaluated 
including a typical FY1975 design. The systems were: 
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1. Reciprocating chillers with lake water cooling, central station air 
handling units, chilled water computer room air conditioning 
units, water cooled electronics racks and these energy features: 
chilled water free cooling heat exchanger, pump cycling, lake 
water filtration, integrated DDC controls, high efficiency motors, 
integrated enthalpy economizer and supply air cooling 
temperature reset. This represents our as designed system. 

2. Centrifugal chillers with lake water cooling, central station air 
handling units, chilled water computer room air conditioning 
units, water cooled electronics racks and all of the energy 
features incorporated in the systems arrangement above. This 
represents Alternate System No. 1. 

3. Reciprocating chillers with pond water cooling, central station air 
handling units, chilled water computer room air conditioning 
units, water cooled electronics racks and none of the energy 
features incorporated in the systems arrangement above. This 
represents Alternate System No. 2, our FY1975 basic system 
design. 

For Subconstruction 3/3 (the Low Conductivity Cooling Water 
Systems), two (2) alternative HV AC systems were evaluated, 
including a typical FY1975 design. The systems were: 

1. Hydronic free cooling heat exchanger with these energy features: 
lake water cooling, lake water filtration, high efficiency motors 
and automatic lake water pump staging. This represents the 3/3 
configuration for both our as designed system and the Alternate 
System No. 1. 

2. Hydronic free cooling heat exchanger with pond water cooling 
and none of the energy features incorporated in the systems 
arrangement above. This represents Alternative System No. 2, 
our FY1975 basic system design. 

All of these alternative HV AC systems for each Subconstruction area 
were then combined to yield three (3) total building combined 
systems arrangements for comparison. These arrangements are as 
follows: 

1. The as designed arrangement (consisting of the first alternative 
from each Subconstruction), which is a reciprocating chiller 
system with lake water cooling and full building energy 
conservation features. 

2. Alternate Arrangement No. 1 (consisting of the second alternative 
from Subconstructions 1/3 and 2/3 combined with the first 
alternative from Subconstruction 3/3), which is a centrifugal 
chiller system with lake water cooling and full building energy 
conservation features. 
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3. Alternate Arrangement No. 2 - our base case FY1975 design 
(consisting of the third alternative from Subconstructions 1/3 and 
2/3 combined with the second alternative from Subconstruction 
3/3), which is a reciprocating chiller system with pond water 
cooling and none of the energy conservation features of the 
arrangements above. 

The systems arrangements used in this analysis as our FY1975 base 
case are actually typical of designs used as late as the early 1980s 
and, therefore, are probably more favorable than an actual 1975 
design would be. This, however, only acts to make the calculated 
savings advantage of the designed systems more conservative. The 
advantage to using these arrangements as our base case is that we 
can use actual experience in the operation of such facilities for a 
more realistic comparison to the designed systems arrangement. This 
experience factor is especially valuable to analysis accuracy since it is 
impossible to find a generic example typical of such specialized 
nuclear research facilities from the 1970s, with complex building 
pressurization profiles, massive detector load cycling, and so forth. 

In adapting simulation profiles to standard software format options, 
several modeling approximation techniques were employed. Fermilab 
lake water for cooling is seen from historical data to be sensitive to 
weather conditions, and is therefore modeled after open cooling towers 
rather than stable groundwater sources. The Main Ring cooling 
ponds are also weather sensitive according to historical data, but 
maintain higher temperatures than lake water due to Main Ring 
cooling loads, and are therefore modeled after closed circuit cooling 
towers. The low conductivity water systems (Subconstruction 3/3) 
were modeled as a one square foot perimeter area with no exterior 
surface boundaries, no load other than the LCW cooling wattages, 
and as having "cooling only" requirements. Due to software 
constraints, the LCW system equipment is fictionally configured as a 
constant volume central air handler with virtually no air side static 
pressure drop, coupled to a free cooling heat exchanger and pumping 
system. This effectively eliminates fictional fan energy from the 
equation and permits us to simulate all of the other system features. 
The effect of nested air handling unit inlet vanes is modeled through 
a corresponding adjustment in fan static pressure requirements. The 
staging of pumps is likewise modeled by an adjustment in pump 
head requirements corresponding to the facility load cycling profiles. 
Both integrated DDC building pressurization control and DDC 
calculated outside air intake control are modeled by an adjustment to 
the average outside air volume corresponding to historical operating 
data from a similar facility on site. Lake water filtration and high 
efficiency motors are both modeled by a corresponding adjustment in 
fan, pump and chiller efficiency. Finally, high bay area ceiling heat 
circulation fans are modeled by an adjustment to the area heating 
set point corresponding to lowered temperature averages due to 
decreased area stratification. 
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A major question in the design of the D-0 facility mechanical; 
systems was the selection of reciprocating versus centrifugal chillers. 
Apart from the danger of driving the centrifugal units into a surge 
condition during periods of abnormally high lake water temperatures 
and the need for higher condenser water flows to lower L WT, it was 
decided to favor the centrifugal over reciprocating units in this 
analysis so as to place beyond question any benefits of reciprocating 
units. To this end, it was assumed that the construction costs of 
both types of units would be the same, even though the centrifugal 
units would actually cost about $20,000 more than the reciprocating 
type. 

c. Description of the Major Energy Conservation Features Selected: The 
design building HV AC systems arrangement constitutes a central 
reciprocating chiller plant with filtered lake water cooling, 
computerized Direct Digital Controls (DDC) and full building energy 
conservation features. Due to the strict process requirements of this 
facility, advances in energy conservation are primarily focused on 
refinement of necessary system types rather than in a comparison of 
optional system varieties. 

The selection of reciprocating versus centrifugal chillers is borne out 
in the analysis by the fact that although centrifugal units have a 
higher rated efficiency at full load than reciprocating units, the wide 
swings in load cycling coupled with prolonged periods of chilled water 
free cooling put our chillers at modest to very low load during most 
of the year. At this point the curves for reciprocating chillers 
outperform the centrifugals significantly, such that there is actually 
an overall annual energy savings for the reciprocating units. Another 
feature along these lines is that the centrifugal units would require 
higher condenser water flows at times to prevent surging, and this in 
turn shows up as increased energy costs for pumping over the 
reciprocating units selection. The reciprocating chillers are of the 
high efficiency, multi-staged type with dual circuited condensers for 
increased efficiency at part load, and are augmented by an integrated 
hydronic economizer free cooling heat exchanger using lake water to 
permit full or partial chiller shut-down for several months out of the 
year. Chiller efficiency as well as low conductivity and chilled water 
free cooling heat exchanger approach is improved by use of lake 
water high efficiency filtration which reduces both heat transfer 
fouling factors as well as heat exchanger maintenance costs. 

The use of lake water over Main Ring cooling pond water is also a 
significant energy saving factor. First of all, the lower temperatures 
and annual ice-pack of this large body of water, which is not 
presently being used for any other cooling purposes, permits chillers 
to operate at greater efficiencies and allows for longer periods of free 
cooling at lower temperatures than would be obtainable from the 
Main Ring cooling ponds. Secondly, however, by not using the Main 
Ring cooling ponds, we keep them from increasing in temperature 
which would adversely affect the efficiency of the major Main Ring 
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cooling systems. The energy cost avoidance in this case would be 
considerable, but is not credited in this analysis for the sake of 
simplicity. Along these same lines, reduced LCW cooling water 
temperatures obtainable in summer using lake water will increase 
equipment efficiencies at the D-0 facility, which is also not credited 
in this analysis for the sake of simplicity. The operation of lake 
water pumps is also automatically staged by computer through a 
reading of supply and return water temperatures to match cooling 
water load requirements and thus allow for lake water pumping costs 
energy savings. The incremental nature of load staging at this 
facility favored the use of simple, low-cost pump staging techniques 
over variable speed designs in life cycle cost analysis. 

Both fan and pump performance in every case is enhanced through 
the use of high efficiency motors, which contribute significantly to 
energy savings in the light of the 24 hour operation of these units at 
the D-0 site. All fans, pumps and air handling units at this site are 
of the high quality, industrial grade type, selected specifically for high 
efficiency performance. Air handling units are equipped with nested 
inlet vanes to increase fan efficiency, in addition to integrated 
enthalpy economizer systems for free air-side cooling capacity. 

The Assembly Hall High Bay Area is equipped with ceiling mounted 
heat circulating fans to reduce air temperature stratification and thus 
conserve energy by reducing required indoor air temperature at the 
roof level to maintain temperature setpoint at the floor. This in 
turn reduces building heat transmission losses by reducing the 
average effective temperature difference across building surfaces 
exposed to the outdoors. 

Air handling systems in the Side Bay areas are designed to further 
conserve energy by computerized supply air temperature reset which 
looks at all zone temperatures and recalculates optimum AHU supply 
air temperatures so as to delay turn-on of any individual zone 
heating coil for as long as possible before temperature in any other 
zone rises above the comfort tolerance level. These savings are not 
credited in this analysis for the sake of simplicity. Along these same 
lines, dehumidification reheat in the Assembly and Collision Halls is 
reset in a similar manner by computer to minimize heating coil 
turn-on, which is also not credited in this analysis for the sake of 
simplicity. 

System performance is further enhanced by the use of dynamic 
control through a Direct Digital Control system employing 
proportional-integral-derivative response coupled to pulse width 
modulation for permanent calibration - high accuracy tracking. This 
technology also allows for sophisticated strategy through its boolean 
operatives. The system is of a fully modular and distributed 
processing architecture which is expandable by adding to each 
subsystem as required. The DDC controls system consists of stand­
alone intelligent local field processors for all building systems 
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connected to one another and to a local front end computer to 
create a local area network. The system is modular both in design 
of software as well as hardware and shall allow for change of 
function and operation in the field without programming changes or 
changes to hardware. Control strategies and setpoints may be 
changed on line by Fermilab personnel to the end that integral 
energy management features (such as demand limiting) may be 
brought on line as historical data is generated. Energy conservation 
through high accuracy control tuning which eliminates the constant 
setpoint over-shooting associated with conventional control systems is 
also not credited in this analysis for the sake of simplicity. 

Two significant energy conservation features deriving directly from the 
use of DDC computerized controls at the D-0 facility serve to reduce 
excessive intake of outdoor air by HV AC systems. The first feature 
constantly calculates and resets outdoor air intake dampers to 
maintain exact minimum percentage of outdoor air based on 
mathematical comparison of outdoor air, return air and mixed air 
temperatures. This eliminates excessive outdoor air intake during 
cold weather due to increased outdoor air density, which is typical of 
conventional control systems designed to merely maintain preset 
minimum outdoor air damper position. 

The second feature allows the central control computer to 
simultaneously look at the many building pressurization zones, with 
their varying degrees of positive, negative and neutral relationships to 
outdoors and to orchestrate the total building HV AC system, so as 
to preclude individual control systems from fighting each other and 
gulping or exhausting excessive outdoor air while maintaining fine 
pressure control. Our experience with conventional controls in similar 
applications proves that this is impossible without DDC, and results 
in periods of uncontrollable cycling with subsequent energy waste 
beyond the conservative factors employed in this analysis. 

d. Evaluation of Solar Applications: The overwhelming balance of excess 
heat in this structure precludes the use of either active or passive 
solar energy applications. 

e. Discussion of Evaluation of Non-Renewable Energy Supply 
Alternatives: Due to the electrically intensive nature of this facility, 
coupled with the abundance of waste heat, the use of natural gas 
(the only other viable non-renewable energy supply on site) is 
precluded over electricity. 

In engineering the overall integrated mechanical systems configuration, 
consideration has been made to assure minimal utilization of 
non-renewable resources in the form of electrical energy with respect 
to D.O.E. Document 4330.3. 
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f. Estimates of Total HV AC Energy Input to the Building: The 
Fermilab D-0 Experimental Facility is characterized by exceptionally 
intense cooling loads. Overall building design load intensity is 
calculated at 100 square feet per ton. 

Building Annual Energy Input for Designed HVAC Systems: 

KWH Per Year: 1,182,331 
Annual DOE Resource Impact Factor: 4,035,910 MBH 
Annual BTU/Gross Square Foot/Year: 95,638 

g. 45% Energy Use Reduction Goal Data: 

1. The following information represents the estimated total HV AC 
energy use of a representative building of the appropriate 
category in FY1975: 

Building Annual Energy Input for FY1975 HV AC Systems: 

KWH Per Year: 2,128,445 
Annual DOE Resource Impact Factor: 7,264,383 MBH 
Annual BTU/Gross Square Foot/Year: 172,142 

2. The following is the estimated percentage of energy use reduction 
for the designed HVAC systems as opposed to typical FY1975 
HVAC Systems: 

Building Present Scope: 45% Reduction 

As described within the text, this goal is realized on the basis of 
conservative analysis, with several energy conservation features 
not being credited for the sake of analysis simplicity. 

3. Due to the atypical requirements, loads, and design of this 
building, the method of simulating by computer the performance 
of typical FY1975 HV AC systems in the as-designed structure 
has been used to estimate the baseline HV AC energy use of a 
representative building of the appropriate category in FY1975. 

4. The estimated additional HV AC systems construction cost to 
achieve the 45% percent of energy use reduction over the typical 
FY1975 systems is as follows: 

Building Present Scope: $77,500 additional costs (10%) 

Most of the additional costs derive from extension of cooling 
water lines to the Main Ring lake in lieu of the Main Ring 
cooling ponds, but are not fully credited in energy cost avoidance 
to operation of the Main Ring systems as discussed above. 
Furthermore, these additional costs do not take into account 
actual construction cost savings from using the designed DD C 
control systems in lieu of conventional controls. Actual 
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comparison of controls costs for D-0 with those for similar 
facilities on site suggest savings of as much as $50,000, which 
would reduce actual additional costs to about $27,500 (4%). In 
view of the complexity of calculating exact control cost 
differences however, it was decided to ignore such savings for the 
sake of simplicity in this analysis. 

5. The estimated energy cost savings over the minimal 20-year 
projected HVAC systems life including additional HVAC systems 
construction cost, first year energy cost savings, and present 
worth energy source factors are as follows: 

Building Present Scope: $969,807 cost savings 

h. Outline of Metering Provisions: Due to the nature of DDC control 
systems and the need for metering data acquisition to execute the 
energy conservation strategies, virtually all major energy flows are 
intrinsically monitored, summarized, and printed at the local front 
end computer printer. This information will also be useful in 
generating site weather data, evaluating lake cooling water 
performance data (especially as it is related to weather), give 
Fermilab personnel data to evaluate alterations to initial energy 
management strategies and confirm HV AC systems performance m 
relation to estimated projections. Among the items metered are: 

J. 

1. All lake cooling water flows. 

2. All energy BTU's wasted from building through both cooling 
water and exhaust air. 

3. All hours of free cooling for individual systems. 

4. All compressor run time hours for chillers. 

5. All heater stages run time hours. 

6. All general equipment status data. 

Comparison of Design HV AC System, Alternate 
System, and FY1975 Base Case System: 
comparisons are summarized on the three ( 3) 
Sheets attached hereafter. 
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TOTAL BUILDING SYSTEMS COMBINED PERFORMANCE SUMMARY 

DESIGNED CONFIGURATION 

RECIPROCATING CHILLERS - FULL BUILDING ENERGY FEATURES 

Statistic 

HV AC Systems Parameters 

Area: 
Tons: 
SF /Ton: 

Annual Operating Cost: 
Annual Op. Cost/SF: 
Annual Maintenance Cost: 
Construction Cost: 

20 Yr. Cumulative Cost: 

HVAC Energy 

KWH/Yr. 
DOE RUF MBH: 
DOE RIF MBH: 
BTU/SF/Yr. 

Energy Reduction 
from 1975: 

Non-HV AC Energy 

KWH/Yr. 
DOE RUF MBH: 
DOE RIF MBH: 
BTU/SF/Yr. 

Total Building Energy 

KWH/Yr. 
DOE RUF MBH: 
DOE RIF MBH: 
BTU/SF/Yr. 

Present Scope 

42,200 SF 
420 
100 

$ 59,125 
$ 1.40 
$ 12,000 
$ 752,900 

$ 2,340,147 

1,182,331 
13,717,127 
4,035,910 

95,638 

45% 

7,686,513 
89,163,546 
26,234,068 

621,660 

8,805,179 
102,880,672 
30,269,977 

717,298 
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Report Page Number 
Statistic References 

(IV'-2)-1-(\T-2)+(\TI-2) 
(IV'-4) + (\T-4) + (\TI-4) 

(I\T-11) +(\T-11) + (\TI-9) 

(\TII-2) 
(\TII-2) 

(\TII-4) 

!

IV'-lll +i\T-lll +!\TI-9l IV'-11 + \T-11 + \TI-9 
IV'-11 + \T-11 + \TI-9 

!

I\T-lll + !\T-lll-!-!\TI-9l I\T-11 -!- \T-11 + \TI-9 
I\T-11 + \T-11 + \TI-9 

!

I\T-lll + !\T-lll + !\TI-9l I\T-11 + \T-11 + \TI-9 
I\T-11 -!- \T-11 + \TI-9 



TOTAL BUILDING SYSTEMS COMBINED PERFORMANCE SUMMARY 

ALTERNATE NO. 1 CONFIGURATION 

CENTRIFUGAL CHILLERS - FULL BUILDING ENERGY FEATURES 

Statistic 

HV AC Systems Parameters 

Area: 
Tons: 
SF/Ton: 

Annual Operating Cost: 
Annual Op. Cost/SF: 
Annual Maintenance Cost: 
Construction Cost: 
% of Design Constr. Cost: 
Constr. Cost Difference: 
Annual Op. Cost Diff.: 

Design System Payback: 

20 Yr. Cumulative Cost: 
Cumulative Cost Diff.: 

HVAC Energy 

KWH/Yr. 
DOE RUF MBH: 
DOE RIF MBH: 
BTU/SF/Yr. 

Energy Increase 
from Design: 

Energy Reduction 
from 1975: 

Non-HV AC Energy 

KWH/Yr. 
DOE RUF MBH: 
DOE RIF MBH: 
BTU/SF/Yr. 

Total Building Energy 

KWH/Yr. 
DOE RUF MBH: 
DOE RIF MBH: 
BTU/SF/Yr. 

Present Scope 

42,200 SF 
420 
100 

$ 65,087 
$ 1.54 
$ 12,000 
$ 752,900 

100% 
$ 0.0 
$ 5,962 

0.0 years 

$2,431,364 
$ 91,217 

1,261,817 
14,639,178 

4,307,200 
102,066 

107% 

41% 

7,686,513 
89,163,546 
26,234,068 

621,660 

8,948,330 
103,802, 724 
30,541,268 

723,727 
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~I\T-2~-t-~\T-2~-t-(\TI-2) 
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~\TII-8) 
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!

I\T-27! +i\T-25! + !\TI-9! I\T-27 + \T-25 + \TI-9 
I\T-27 + \T-25 + \TI-9 

!
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I\T-27 + \T-25 + \TI-9 



TOTAL BUILDING SYSTEMS COMBINED PERFORMANCE SUMMARY 

ALTERNATE NO. 2 FY1975 CONFIGURATION 

RECIPROCATING CHILLERS - BASIC BUILDING DESIGN 

Statistic 

HV AC Systems Parameters 

Area: 
Tons: 
SF/Ton: 

Annual Operating Cost: 
Annual Op. Cost/SF: 
Annual Maintenance Cost: 
Construction Cost: 
% of Design Constr. Cost: 
Constr. Cost Difference: 
Annual Op. Cost Diff.: 

Design System Payback: 

20 Yr. Cumulative Cost: 
Cumulative Cost Diff.: 

HVAC Energy 

KWH/Yr. 
DOE RUF MBH: 
DOE RIF MBH: 
BTU/SF/Yr. 

Energy Increase 
from Design: 

Non-HVAC Energy 

KWH/Yr. 
DOE RUF MBH: 
DOE RIF MBH: 
BTU/SF/Yr. 

Total Building Energy 

KWH/Yr. 
DOE RUF MBH: 
DOE RIF MBH: 
BTU/SF/Yr. 

Present Scope 

42,200 
420 
100 

$ 106,423 
$ 2.52 
$ 10,000 
$ 675,400 

90% 
-$ 77,500 
$ 47,298 

1.7 years 

$3,309,954 
$ 969,807 

2,128,445 
24,689,962 

7,264,383 
172,142 

180% 

7,686,513 
89,163,546 
26,234,068 

621,660 

9,814,958 
113,853,508 

33,498,451 
793,802 
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Report Page Number 
Statistic References 

~IV-2~+~V-2~+~VI-2~ 
IV-4 + V-4 + VI-4 

(IV-43)+(V-39)+(VI-18) 

~VII-10~ 
VII-10 

r!I-lOrVII-2) ~IV-43 +~V-39~+ VI-18))-
IV-11 + V-11 +(VI-9)) 

VIII-18) 

~VII-12~ 
VII-15 

!

IV-43l+!V-39l+!VI-18l IV-43 + V-39 + VI-18 
IV-43 + V-39 + VI-18 

!

IV-43l+!V-39l+!VI-18l IV-43 + V-39 + VI-18 
IV-43 + V-39 + VI-18 

!

IV-43l+!V-39l+!VI-18l IV-43 + V-39 + VI-18 
IV-43 + V-39 + VI-18 
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liJEATHER SUMMARY 
Site Name : AURORA,IL FERMI, User Defined Date : 11-03-87 

************************************************************************ 
TABLE 1. SITE DESIGN WEATHER DATA 
Latitude = 42 deg. Elevation = 744 Feet 
Summer design dry bulb = 93 F Winter desiqn dry bulb = -6 F 
Summer desiqn wet bulb = 76 F Daily range - 20 F 

************************************************************************ 
TABLE 2. PEAK SOLAR GAINS (Btu/(hr-sqft)) 

: Month 

: January 
: July 

NE E SE s SW w NW H 

5.6 13.2 107.4 173.8 189.1 173.8 107.4 13.2 107.6 
17.1 144.7 189.6 148.8 88.4 148.8 189.6 144.7 264.5 

Carrier peak solar data used. 
Values corrected for altitude ( 744 ft), design dewpoint ( 69.3 F) 
% Available Sunshine : Average data: Summer = 73 % ; Winter = 35 % 

************************************************************************ 
TABLE 3. OCCUPANCY SCHEDULE DATA 

: Begin : 
: End 

Sun 

OFF 
OFF 

Mon 

7 A 
6 p 

Tue 

7 A 
6 p 

Lt.Jed 

7 A 
6 p 

Thu 

7 A 
6 p 

7 A 
6 p 

Sat 

9 A 
2 p 

Average occupancy : 10.0 hrs/day; 6.0 days/week 
Number of summer shutdown days = 0 

************************************************************************ 
TABLE 4. TEMPERATURE BIN DATA 

Bin Bin Bi.n 
Dry Wet Specific 

Bulb Bulb Humidity 
( F) (F) (lb/lb) 

93 76.0 0.0153 
90 71 • t3 0.0124 
gc:: ,.1 69.0 0.0114 
80 66.3 0.0106 
75 63.6 0.0099 
70 60. 9 0. 009~.::. 
65 58.2 0.0087 
60 55.4 0.0083 
5::'1 52.7 0.0079 
50 50.0 0.0076 
4!:· 45.0 0. 006::::; 
40 40.0 0.0052 
35 35.0 0.0043 
3c) 3c). (> 0.0035 
25 25.0 0.0028 
20 20.0 0.0022 
1 !:1 15.0 0.0017 
10 10.0 0.00.13 

5 5.0 0.0010 
0 0. (l 0.0008 
c: 

-~1 -~1 a() 0.0006 

Bi.n Hours (hr/yr) 
:-------------------------------------: 

Tot2, 1 
Hour·s; 

0.0 
40.4 
95. 7 

244.6 
4~".3. 0 
628.2 
727.8 
755.4 
726.7 
679. ..., I 

652.2 
6:H .3 
65:'1. 5 
635.6 
569.7 
459.3 
33(>. 9 
21.1.8 
121.4 
63.b 
31 c:: 

• ~I 

Occupied 
Hours 

o.o 
25.8 
59.4 

145.3 
237.7 
270.b 
264. ~::. 

255.0 
244.7 
232.1 
229.5 
237.6 
238.5 
218.2 
174.!:1 
122.4 
78.1 
46.1 

: Unoccupied : 
HoL1t-s 

o.o 
14.b 
36.3 
99.3 

215.3 
3~57. 6 
463.3 
500.4 
482.0 
447.6 
422.7 
413.7 
417.0 
417.4 
395.2 
336.9 
252.8 
165.7 
96.3 

12.7 50.9 
6.2 25.3 

-6 -6.0 0.0006 25.7 4.6 21.1 
-6 -6.0 0.0006 0.0 0.0 o.o 

********************************************************** ************* 
II-1 



BIN HOUR PROFILE 
Site : AURORA~IL FERMI, User Defined SuMMer Dry Bulh: 93 F 
Date : 11-Q3-~7 Winte~ D~y Bulh : -6 F 

Daily Range : 2Q F 
8Q0~-------------------., 

7Q0 

H 6QQ I 

R , 
I 5Q0 

I~ 400' 
I , 
B 300 
I 
N 200 

100 

0 
-25 -15 -5 

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 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 I I I I 

I I I I I I I I I I I I I I I I I 
I 

5 15 25 35 45 55 65 75 85 95 
BIN TEMPERATURE, (F) 
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FERMILAB ANNUAL SITE SURFACE WATER PROFILES 

MEAN MONTH VALUES OF SIGNIFICANT INDICATORS 

LAKE Wf.HER TEMP 
OA AIR TEMF' DB 
OA AIR TEMP i,<JB 
F'ClND i,<JP1TEF\ TEMP 

b4.7 
5E~. l 
74. :::;; 

7E.L 1 
/ . .:: •• t.:~ 

J {.)1\1 

AU Ci 

32. 
18. 
1B. 
44. 

64.2 
EiU. 9 

FEB MAR 
0 ""=!''.., 0 ~37. ·-'k .. 

3 19. ~. 31 .i:.:. . ..,. 
19 . 2 31 ·~:' . 

~~; LI L7.. ~·. 54. . ._j • ... ::. 

SEP OCT 

7 l " :::~; 50. ~.:;; 

/-:..1 l "7 50. 2 
P2.l h6.7 

APR 
4 
6 
6 
f3 

NO'v' 

c:-:r 
.....J • .:.•. 

40. 
40. 
63. 

40. 1 
34. :: 
:v+.2 
C::" "'1 r···, 
._j / • ,,: 

MAY 
8 
4 
4 
1 

DEC 

58. 
c:- .... ._, ._ ... 
51 . 
69. 

:32. (> 

20. 1 
:20. l 
46" 1 

6 
..,.. 
·-' 
7 
c:· 
._j 
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COMPLEX BUILDING INPUT SUMMARY 
Buildinq Name : D-0 SUBCONSTRUCT 1/3 Date : 11-16-87 
Site : AURORA~IL FERMI~ User Defined 60117862.0 

************************************************************************ 
1. ROOM CONDITIONS AND FLOOR AREAS 

ThE1 r·mos tat SE:· t t inqs : CDo ling =: 78 F; HE0a t inq ::::: 68 F ~ SE'tbc-tc !: --· 0 F 
0 %; Room design relative humidity - 60 ., 

1. 

Floor Areas: Pe~imeter = 24,400 Soft~ Interior = 0 f;)qf t 
Cooling provided during unoccupied period. 

2. WALLS~ ROOF~ GLASS, SKYLIGHTS: 
Area LI-Factor 

Exposure (Sqft) BTU/(hr-sqft-F) 
Glass Ar-ea 

(Sqft) 
Glass U-Factor­
BTU/ ( hr-sqft-F) 

Nor-th Wal 1 1 ~ 300 0 . 1 ::10 100 1 . 130 
No1~theast l-'Ja l 1 (l 0. l ::10 0 1 . 130 
East Wal 1 '";!. 

·-'' 100 (l . 1 :.:io 0 1 . 130 
Southeast 11-Ja 1 1 0 o. 1 ::10 0 1 . 130 
South Wal l 6 ,600 0 . 1 :'10 (l 1 . 130 
South~...iest Wal 1 0 0. 1~10 0 1 . 130 
l.Jest l;Ja J 1 

,.., 800 
,., 

l '.:':10 0 l 1:::v) .. ::. . ·· .. ' . . 
Nor·· t. hwE·<:., t l•J,:,1 l 1 c 0 .1. ~1() 0 1 . 130 
PE•r·· i mi?. tP t- F~oo f l4 ' 900 (l 

" 1:30 0 o. ~.)~~1() 
I n t t:• t- i o t-· F;oei f () 0 . 1:::::0 0 0 . ==l ~1() 

WALLS: Color- = Dark; Wt. = Mediun1: ROOF~ Color = Medium; Wt. = Medium 
BUIL_DJ~JG l•JT. ::c Mt~d1.um; 1)FF~TICnL. ULf.~E:;~3: ~3ii""1C.1le Gli~::E~C! 

Shade Factors : Glass= l.000 : Skvliahts = 0.000 
Internal shades are not used. n ceilinG plenum is not used. 

J. ' . . n i:i?r- .liJr : 

D:iver·si tv 
0.000 VJ;,~tts/~::lqft 

Factors : Occupied - J uo /.: 
Perimeter Lights : Ballast , exposPd 
Ir1ter··ior Liqht·:::,: Bc·:1lJ0:\·:;:;t t-·pct-.':::>·=.::.v.:>d 

73,200 Watts Total 
0 li.Ja. t ts:. Tot a.:! 

Unoccupied - 100 % 

4. t1 I :::;CELL At··.JF[!l.J[:3 FL FT.TF' l C(iL 
Perimeter Occupied -

Unoc:cupie·d --
[jc C: Ll p .i. f:::~c:I -··· 

l.Jn C:)C: C: l...l p .i Pei ·--

LCl~~1nr: ~ 

~?. 4 :.19 
() ., t:~ :~~ 0 
O .. ()(;Ci 

o.ono 

llJci t t c.:: / E:q it ·-· 
~·Ji:itts/Sqft ····· 
l>J d t t ~:. / sq ·f t -·· 
l;J i:~ t t ~==· / f)q ·ft --

60.000 Watts Total 
20,000 Watts Total 

0 l;J,=:1tts Total 
0 l•Jatts rota.I 

5. F'EOF'LE LOAD[) 
Total Occupancy = 
Activity Level: 4. 

2,440 sqft/person = 
Medi um •>Jot·-k 

10 peoplE· total 

Sensible = 295.0 BTU/hr/person; 
Diversity Factor-s : Occupied = 

Latent - 455.0 BTU/hr/person 
70 %; Unoccupied = 20 % 

6. MISCELLANEOUS INTERNAL LOADS: 
Sensible 
Latent 

: Occupied = 
: Oc:cupit;:d ::::: 

0 BTU/hr; Unoccupied = 
0 BTU/hr; Unoccupied = 

7. WALLS ADJACENT TD NON-CONDITIONED REGIONS: 
Wall Areas : Perimeter= 21,500 Sqft; Interior 
Wall LI-Factor = 0.320 BTLJ/(hr-sqft-F) 
Adjacent region heating temperature = 60 F 
Adjacent region coolinq temperature = 60 F 

8. INFILTRATION DATA: 
Air Flow Rates: Occupied = 200 cfm; Unoccupied = 

IV-2 

0 BTU/hr 
0 BTU/hi~ 

0 Sqf t 

.1.00 c:fm 
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LOAD PROFILE SUMMARY 
Buildinq Name : D-0 SLIBCONBTRUCT 1/3 (Complex) Date : 11-16-87 
Site Name : AURORA.IL FERMI, User Defined 60117862.0 

************************************************************************ 
TABLE 1. OCCUPIED PERIOD (Load does not include vent. load~ fan heat) 

Bin 
Temp 
( F) 

93 
90 
85 
80 
75 
.70 
6~· 
60 
~55 

~1() 

45 
40 
.. ;r C:: 
•.,;1, .. ! 

r"tc:: 
.1:.'.,,,I 

-·6 

B.in 
Hout-""· 

(hi-/ yr) 

o.o 
25.8 
!'59. 4 

l4!:i.3 
237.7 
270.6 
264 •~I 
255.0 
244.7 
232.1 
2~Z9. 5 

'.?18.'.:? 
174.'.3 
122.4 
7~3. l 
46.1 
25 n .l 
12.7 
6.2 
4.6 

<-------Perimeter 
Sen~::;J.blE' LE:\tc·nt 

(tons,) (tons,) 

42.29 

37. 68 
35.84 
~:.4. 00 

30.31 
28. 4.7 
26.63 
24.7E: 

21.10 
19. :2f:. • 
17.41 
1~:'1.'.;',7 

l ::::; • 7:<; 

11.89 
lU.ULJ 

6. ::~b 
4. 5:? 
4. 1 :_::, 

0.61 
0.27 
0.19 
0 .12 
0.06 
0.01 

-o. o:~; 
-0.07 
·-0. 09 
···-(). 1. ::? 
·--(:1. :·.?:·.~: 

..... (' • :::: j 

-0. :=;9 

-··· () .. t.) (1 

-···Ci .. f..)~~:; 

-() " !:~) ~j 

-0. 67 
-~ (J • ~'=· 8 
-0.69 

Zone------> <--------Interior 
Plcr1un1 Zone Sensible 
(tons) ( F) 

0.00 78 
0.00 78 
0.00 78 
o.oo 78 
0.00 78 
0.00 78 
0.00 78 
0.00 78 
o.oo 78 
0.00 7t:l 
()" ()() 7::'.:S 

(J "()(J 7fl 
0" 00 7f.~ 
() .. ()() '?fl 
() .. <)() ")'"8 

0.00 78 
C;. OU 7U 
0 .. 00 7E; 
()" (J~) 7t:~ 

() .. ()() 7f-:1 
(). (>() •/t:: 

(tons) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
(l • (l(l 

0.00 
0.00 
() . ()() 
0.00 
0.00 
o.ou 
<)" ()() 

o.ou 
0.00 
C)" C)() 

0. (Ji) 

0.00 
0.00 

Latent 
(tons) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
C) .. ()(~ 

0 .. 00 
0.00 
()" C)() 

0.00 
0.00 
(). t)() 

(). ()() 

l). ()() 

0.00 
(). (:1() 

Zone------> 
F' l en um Zone 
(tons) (Fl 

(I • (l(l 

(l. 00 
0 • (l(l 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
() .. ()() 
0.00 
0.00 

TABLE 2. UNOCCUPIED PERIOD CLoad does not include vent. load, fan heat) 

-;r r_-: 
/ .... 1 

70 

60 
55 
50 
4:'· 
40 
35 
3(> 
25 
20 
1 :=, 
10 

c:: ,_, 

0 

-6 

11.1.L 
::::;6. ~:. 

463. :=: 
500.4 
482.0 
447.6 
422.7 
413.7 
417.0 
417.4 
395.2 
336.9 

16:'.:•.7 
96. ::::: 
""1-· Q ~.J .. } .. ., 

.-.,, C:.! -;r 

.. ::. · ... ! .. · .. ) 

'.? J • l 
C) II C) 

27.92 

.18 .. 9::. 
17.14 
15.:::'.A 
13.:=14 
11.74 

8 . .l ~. 
6. 3~5 
4.56 
2.76 
0.96 
o.oo 
(). ()() 

C). (:11:) 

() • ()E~ 

U .. 04 
0" OU 

-···() .. ().3 

·-() • (; ~j 

--0. (i] 

-() • ()C~~' 

--0. 10 
-0 .12 
--0. l 7 
-0. '.? J 
·- () " :2'. !:1 
-0.28 
-(). ~;.1. 
-·0.34 
-0.~~;5 

0.00 
0.00 
0. 00 

() .. (:1(:1 

..... (.1 • :::; ~~; 

(.1 • () () 

() N ()(i 

() J1 ()() 

0 .. ()() 

o.ou 
C•. C•O 
() .. (>() 

o.oo 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
()" (:1() 

0. ()1) 

(J .. () ~) 

IV-4 

""'i , .... 
/C 

"78 
78 

7~3 

7f.3 

C). (:1() 

(),. C)() 

()., ()() 

f). ()(:1 

0.00 
(!" ()(} 

(). ()(:1 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
(). ()() 

0.00 
() .. (1() 

o.oc 

(:1 • () () 

() .. (>() 

(:;. ()() 

C•. ()() 
(:1" (:1() 

() .. ()(. ! 

() .. ()() 

(> • ()() 

(). ()\) 

0.00 
0 . (l(l 
0.00 
0.00 
0.00 
0.00 
0.00 
() S! 1:)() 

() . ()() 

c·. i::1(··· 

0.00 
U.00 
()" (j() 

() • \)(> 

~) .. 1:)() 

0.00 
o.oo 
(l • 00 
(l. 00 
o. 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

(1" ()(:1 



SOLAR GAIN SUMMARY 
Building Name : D-0 SUBCONSTRUCT 1/3 (Complex) Date : 11-16-87 
Site Name : AURORA, IL FERMI, User Defined 60117862.0 

************************************************************************ 
TABLE 1. SOLAR GAINS BY EXPOSURE 

Bin So 1 a1·- Gains by E:·: posure 
Temp (BTU/ ( hr--sq ft) ) Perim Inter 
( F) North NE East SE South SW West NW Horiz Horiz 
------------------------------------------------------------------------

93 13. (I 30.4 47.4 53.6 50.4 74.4 56.9 27. 5 0.0 0.0 
90 9.2 21 c: 33.6 38. 1 35.9 52.9 40.4 19.5 0. (l (l. (l . ~' 
85 8.8 20. 4 32 n () 36.3 .34.4 50. 5 38.6 18. 5 0. (I (l. 0 
80 8.3 19.3 3(). 3 34.6 32.9 48. 1 36.7 17. 5 0.0 0. (l 
75 7.8 18.2 28 .7 32.9 31 . 4 45.8 34.9 16 . 5 0.0 0. 0 
70 7.4 17. 1 27 . l 31 .2 29.9 43.4 33. (J 15. 5 0.0 0.0 
65 6.9 16.0 25 .4 29.4 28.4 41 .o 31 . 2 14 . 5 0.0 o. 0 
60 6. 5 14. 9 r;-:o· 8 27.7 27.0 38.6 29.3 13. c: o. 0 0.0 ..:;.._: .. ~' 

55 6. (l 13.8 ,..., ... .., 
2 26.0 25.5 36.3 27 5 12.6 o.o 0.0 ...::.,..::,. n . 

50 5. 5 12. 6 20. c: 24.2 24.0 :::;:3. 9 2~5. 6 11 .6 0.0 0.0 ~' 

45 5. 1 11 . 5 18.9 22 . L':: 

·-' 
,...,,.., 
...:.:. .. ~ .. 5 31 . c:: 

~' 23.8 10.6 0.0 0.0 
40 4 .6 10.4 17.3 20.8 :21 • <) 29. 1 21 . 9 9 . 6 o. 0 0.0 
35 4. 1 9 

..,.. 1:: •. 6 19.0 19. 5 26 .8 2(J. 1. 8. 6 0.0 0.0 . .. .:• 
3C) -::- 7 8.2 14.0 .17. ::::: 18. (i 24 .4 18.2 ...,. .6 C). C) o.o "~' . I 
,...,c:: -::- :? ...,. 

l 12 .. 4 l ::;. 6 16. 5 22. () 16. 4 6.6 0.0 o.o .a::.'-' ·-' .. I . '· 
~?O 2.8 6.0 10 

...,. 1 ,. 0 1 ~5. 0 19.6 14 c:; :: •. 6 0.0 0. (l . I ._.: n I . ~-· 
1 ::. .--, -:r 

... ::. •• _:1 4. 9 9 " 1. 12. .1 13. 5 1.7. --;:· 
·-·' 1'' Lo 7 4. 7 o.o o.o 

10 1 .8 ~:.. 8 7 c:: 10.4 12.0 1.4. 9 1. 0. 8 3.7 o. () 0.0 . ... 
5 l . 4 2.7 ~:.=i. 8 8. 7 10 6 1.2" 

1::: 9.0 2. 7 0.0 0.0 ,_, 
0 0.9 1 • t.) 4. :? 6.9 9 l 10. 1. 

...,. 
1. 1 -, o.o 0. (l . l . . I 

-·5 0 . 4 o. 0::: 
~-' 2 .. 6 5 ...... ...... .:.:. 7 6 7 .8 5. --::-·-· C) . 7 0.0 0.0 

-6 o. 3 (l r::• ~, -::; 4.9 7. "T 7 .3 4. 9 0. 5 (). () o.o ..::. . ._::, 

-6 0 . o (l .0 0 .0 (:1" 1:) o.o 0.0 0.0 0.0 0.0 o. 0 
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ETD SUMMAF'.Y 
Building Name : D-0 SUBCONSTRUCT 1/3 (Complex) Date : 11-16-87 
Site Name : ALJRORA~IL FERMI, User Defined 60117862.0 

************************************************************************* 
TABLE 1. OCCUPIED PERIOD 

Bin 
Temp 
(F) North 

93 
90 
85 
80 
7~5 

70 
65 
60 
5~5 

50 
L1~1 

40 

3\) 

20 
1. '.:1 
1. 0 

c: -· 
0 

-6 

8. (l 
5.4 
1.0 

-3.4 
-7.8 

-12.2 
-16.6 
-21.0 
-25.4 
-29.8 
-:A.2 
-3EL6 
-4~!.. 0 
-47.4 

--·:=:A. 9 
-·::':19.3 
-63.7 
-68.1 
-··69. 0 

NE 

11. 4 
7.8 
3.3 

-1.3 
-5.8 

-10.3 
-14.8 
-·19.3 
-23.8 
-·28. 4 

-37 .. 4 
--·4.l. 9 
-46.4 

-·54. ::1 
·····::':i9. 0 
--63. ~:, 

--68. l 
-···69. 0 

Equivalent Temperature Differences (F) 
By E:·: posur-e 

East SE South SW West NW 

13.8 
9.5 
4.9 
0.3 

-4.3 
-8.9 

-13.::':· 
-18.l 
-22.7 

··-31.9 
·-36. :::. 
-41. l 
-4~'.i. 7 

-··::A. 1 
--58. 7 
-63.3 

23.5 
16.4 
11. 5 
6.6 
1. 7 

-3.2 
·-8. l 

-13.0 
-·17.9 
··-·22. 8 

..-, "'i" -:~ ....... :.:. / . / 
-·-~~2. ~! 

·-·•:~;•7 D 4. 

--· ::11 • 9 
---~,{:_). 8 
·····61.. 7 
·····/:){':) .. 6 
-•f::.17' II:.=\ 

29.8 
20.8 
15.7 
10.5 

5.4 
t). 2 

-4.9 
-10.1 
·-15.2 

-4.1. (l 

--'.:'1.l. 6 
--56. 7 
-··61. • C_f 

-67.0 

27.0 
18.9 
13.9 
8.9 
3.9 

-1.1 
-6.1 

-11.1. 
-16.l 
-·- 2 .1 • .1 
--21-J. 1 
·--31. • 1. 
-::::6 .1 
-·41. 1 

-·- :-d .• l 
-'.:'1(-:i .. l 
-·-61. 1 

·-67. l 

20.7 
14.4 
9.6 
4.7 

-0.1 
-4.9 
-9.8 

-14.6 
-19.4 
-24.2 
-<:9. 1 
--:;~;. 9 
--3E~. 7 
-43.6 

c:~·, q -._1.c::... J 

-62 .. ::, 

-68 .. :: 

10.3 
7. (l 
2.5 

-2.0 
-6.5 

-10.9 
-15.4 
-19.9 
-24.4 
-28.8 
-33.3 
-··37. 8 
-42.3 
-··46. 7 

-54.6 
--:'19.1 
--63 .6 
-68.1 
-·69.0 

TABLE 2. UNOCCUPIED PERIOD 

90 
r;r.: 
C) ._I 

80 
-·r c: 
I ..... 1 

70 
6'.:1 
60 
:'55 
50 
4::1 
40 
35 
30 

20 
15 
10 

5 
0 

--5 
-6 
--6 

::'•.4 7.8 
1. 0 .. :• . .. :• 

··-3.4 -1.3 
-·7.El -·::'·.El 

--12 • 2 -1 0 . 3 
-16.6 -1.:l.8 
-21.0 -19.3 
-25.4 -23.8 
-29.8 -28.4 

-41.8 --41.0 
-46.2 --45.5 
-50.::':1 -50.0 
-54.9 -54.5 
-·59. -~; -·::19. 0 
··-63.7 -63. 15 
--68. 1 -·6E3. l 
--69. 0 -69. 0 
--74.0 -74.(l 

9.5 
4.9 
0.3 

-·8. 9 
-1:::.~:=i 

--1.8.1 

-27.3 

-40.3 
--44. 9 
-49.5 
-54.1 

-·6 f. C_Y' 

·-6F. 8 
-7i~ .. () 

16 .. 4 
11. . :=, 
6.6 
1.. 7 

--~3. :2 
-·E3. l 

·····13. 0 
-17.9 
-22.8 

--42. 1 
--47.0 
--:'11.9 
-·· :.'16 .. t3 
-··61. 7 
-·66. 6 
··-l::.r7., ~I 

--74 .0 

20. f.3 
1 :-•. 7 
.1.1:). 5 
5.4 
<). 2 

-4.9 
--10.1. 
-1.5.2 
-20.4 

--36. 1 
--41. 3 
-46.4 
--51. 6 

-bl.9 
-·67" () 
-6El.O 
-74.0 
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lf.3.9 
1::::;. 9 

···-1'1 
-6.1 

-1.t.1. 
-16.1 
-21.1 

-36.1 
-4.1..1 
-46.1 
--51.. 1 
-·-:=.':16.l 
··-61." 1 
--66.1 
-·-67 .. 1 
-7•+. 0 

.t 4 • 4 
9.6 
4.7 

-0. 1. 
····4-.9 
_c_;· • 8 

-14.6 
-19.4 
-24.2 

--3El. 4 
-43.2 
-48.0 

c:: -7 -7 
-··,_I/ •• / 

--62. 5 
-··67. ~::; 

-·7::"'.J .• (; 

7.0 
·• c: ...:.'.. • ,_,I 

-2. C) 

-6 • ~~I 

-10. '?' 
-·-1 '.:'·. 4 
--19.9 
-24.4 
-28.8 

-41.2 
-45.7 

-::':14. 6 
·-· ::,ci-' • .1. 
-b3.b 
-68.1 
-f:..'?' .. () 
·-··7"4 .,() 

F'e~·im lnter­
Roof Roof 

30.4 
21. 7 
16.4 
11.1 

::':1. 8 
0.5 

-4.9 
-10.2 
-15.5 
-20.8 
-26.l 
-·31. 4. 
-:::::6. 7 
-42.0 

-:'18. 6 
-b3.9 
-69.2 
--7(>. 2 

21. 7 
1. 6 . L~ 
1 1 • 1. 

::''i. 8 
C). ~I 

-4.9 
-·10.2 
-15.5 
-20.8 

-37.3 
-42.6 
--47. 9 

c: "":""' ...., 
-._1._;1 • ...;;., 

-58.6 
-(::.:::::. 9 
-··69. 2 

--74.0 
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FERMILAB D-0 EXPERIMENTAL FACILITY 

SUE:C:[)!\!STF;:UCT I Ul·I l /:::: ·· COL.l IS I DN ?::il.JD AS~:JEMBL.Y HAL.L.~: 

SYSTEM COMPARISON PERFORMANCE SIMULATIONS 

31 OCTOBER, 1987 
ANALYST: B.F.KRSTULOVICH 

FERMILAB CONSTRUCTION ENGINEERING SERVICES 
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IV-c.-1. 
FERMILAB D-0 EXPERIMENTAL FACILITY 

f'.;UBCUtiBTRUC-1 1 Chi :L / ::~ -·· CUL..!.... I~; 1 DI·.! (1!\ID AE'.:;SE:MBL._ Y Hi':L .. l-~3 
OPERATIONAL PEPFORMANCE SIMULATION 

DESIGN BASIS SYSTEM 
RECIPROCATING CHILLERS AND CENTRAL STATION AHU'S 

~·J l TH THESE E :··.!f:::1.:;:c; { FEtiTUF:;:E~; ~ 

LAKE COULING WATER, LAKE W~TER FILTERS, HVDRO!~JC FREE COOLING HEAT EXCHANGER, 
HIGH EFFICIENCY MOTORS, INTEGRATED BUILDING PRESSURIZATION CONTROLS, 

?~!JTUM1:::1T Jc Lnf:.E i;JP~TEh F'Ui"!F' '.::;T(;u 11-.Ji::~. CE JI .. I NC3 HE:nT c I PCL1L_(-\l J C.i!\I F.{..)l\I:::: ~ 

NFETEL P1HU FPl! .. ! I!'.11....ET \l!-11-.!EH, JNTE:::GR(iTl:=D E:l.ITH1::iL..F'\ E~C:D!·-.JlJMI ZER 

31 OCTOBER. 1987 
;:ir·.! t1: .. \ (; i. : E; • F • f :: i.:;: ~:; T UL.[!'-/ I CH 
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SYSTEM INPUT SUMMARY 
Job Name : D-0 SUBCON 1/3 DESIGN SYS 
Bwildinq Name : D-0 SUBCONSTRUCT 1/3 (Complex) 
Site : AURORA.IL FERMI, User Defined 
SCCJj::·r~ o·f n1-1<:•.lv~:.1;::;: cc.uI.i.nq <:>,nd HEea.tinq ~:::;vstf.~ff1·:..:; 

Dc:1te 
F'<:\qC! 1 

.t.l-·lb···87 
60117£362. 0 

************************************************************************ 
A. AIR HANDLING SYSTEMS 

>1. PERIMETER TERMINAL TYPE : CONSTANT VOLUME 
Supp l \/ ·f i:\ n t v p (;:• : Ba c k \-; <':i. ~- d :i. n c l .i. n f.:' d o 1r· ,':'I i r f o i l w i t: h i. n l E~ t v E111 E:=> So 

Supply fan total static pressure - 3.00 in. wg. 
Return fan type : Controlled pitch axial 

Return fan total static pressure - 1.75 in. wg. 
Design supply air= 42000 cfm @ 67 F; Vent. air= 3000 cfm 
Are cooling terminals used for heating ? <Y> 
Eco1··,omj.zr'r· type': Intec~r .. i?..t:.E'd, enthalpy contl'"·olled 
Is a ventilation reclaim device used ? <N> 
Are ventilation air dampers closed for unoccupied periods ? <N> 

************************************************************************ 
8. HEATING PLANTS 

> l . PERIMETER PLANT : ELECTRICAL RESISTANCE 
Is hydronic heatinq used ? <N> 

************************************************************************ 
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SYSTEM INPUT SUMMARY 
Job Name : D-0 SLIBCON 1/3 DESIGN SYS 
Buildinq Name : D-0 SUBCONSTRUCT 1/3 (Complex) 
Site : AURORA,IL FERMI, User Defined 

F·ac,ie 2 
11-16-87 

601.17862.0 
Scope of Analysis : Cooling and Heating Systems 

************************************************************************ 
C. COOLING PLANTS 

>1. PERIMETER PLANT : RECIPROCATING WATER COOLED 
Capacity @ 85 F entering water -
KW/Ton @ 85 F entering water ~ 
Is hydronic cooling used ? <Y> 
Is chilled water reset used ? <N> 
Is hot gas bypass used ? <N> 

7:'.:1.0 tons 
0.8~· kw/ton 

Is condenser performance altitude adjusted ? <Y> 
Is there one compressor per condenser circuit ? <Y> 

Are compressors cycled ? <Y> 
Heat sink type : Open coaling tower 

Minimum entering water temperature - 32 F 
Is a hydronic economizer used ? <Y> ; Economizer efficiency = 80 % 

************************************************************************ 
D. PUMPING SYSTEMS 

: Svstem 

Chi 11 eel \.'Ji::1 tr::.•t­
Hot. water-
Con den Sf.~ r-· ~...ii':\ t.er-· 

F'ER I 11FTET~: 
dT, F' 

.1.C).()() 

()" ()(J C) ,, (:1C) 

.l ~:;. 00 50.00 

dT. F 

0.00 
0.00 
() 11 t)(J 

: dF', ft wq : 

0.00 
0.00 
0.00 

Ground water 0.00 0.00 0.00 0.00 

************************************************************************ 
E. NON-HVAC SYSTEMS 

1.. NON-H',>ric E:L.f~CTh: I C{il__ ENE:Fo:C3 { u~;r:: 

Lighting kw: Occupied - 7~.~ kw; Unoccupied 73.2 kw 
Misc. kw : Occupied = 60.0 kw= Unoccupied - 20.0 kw 
Other kw : Occupied = 0.0 kw; Unoccupied - 0.0 kw 

2. DHW SYSTEM CNot utili~ed in this system) 

************************************************************************ 
F. FUEL. C0~3r:~; 

>.1.. F'~?i'-icid 

ELECTRICAL : Occupied : Unoccupied : 
ENERGY USE : ($/kwh) ($/k~·Jh) 

Compressor 
Resistance : 
Inductive 

0.050 
0.050 
0.050 

o.o::.o 
0.050 
0. (l~d) 

IV-10 

>2. OTHER FUELS : 

: Ne~ tura 1 G<.'IS 

:Fuel fJil 
:Propane 
:Remote Heatinq 
: Remob"" Coo 1 i.ng 

Unit Cost 

n/a $/therm 
n/a $/LJ.S.gal 
n/a $/lb 
n/a $/MBTU 
n/a $/MBTU 



TOTAL B~llDING ENERGY SUMMARY 
Job Name : D-0 SLJBCON 1/3 DESIGN SYS F'er- iod : ?'.i1 J 

Zone ~ Block 
Ser··i..:~l Numb!::-ct-: 

Buildina Name ~ D-0 SLJBCONSTRLJCT 1;3 (Complex) 
Site : AURORA,Il FERMJ, User Defined 
D;:.tE· : .l.1.--16-87 601.i 786::?. 0 

*********************************************************************** 
H~JP1C ENERC-1Y A1-1nu.i?. l Ener·c1v ut- F·ur.·~l 

Lin it·:::, 
Consumed 

Cu~"'· t 
Component ( $/'yT) 

DOE RUF 
(1000 BTU) 

DOE RIF 
(1000 BTU) 

Electric (Occ) 
Electric (Unocc) 
Natural Gas 
Fuel Oil 
F'r·opane 
Remote Heating 
Remote Coolinq 

HVAC Total 

NlJN--H\./AC ENEF-~GY 

Electric: (C:lcc) 
E 1 E7:C tr· i.c: ( Unocc:) 

78::'·~5 

1.361? 
0 
0 
0 
0 
0 

:,:l 46 7 

1!'.:i7091 kv-Jh/yr 
272247 kwh/).T 

0 t.herms./yt-
0 U.S. gal/yr· 
0 lb/yr-
0 MBTU/yr· 
0 MBTU/yr· 

1822255 
3158060 

0 
(I 

0 
0 
0 

4980~.:::16 

536152 
929178 

0 
(l 

0 
0 
0 

1465329 

20836 4.16730 kwh/yr 4834063 1422298 
26242 524846 kwh/yr 608821.9 1791301 

l'·.ior1···-H 1v'PiC:: Tc:it<"• 1 47U79 10922282 3213599 
====:=========== ====~==~ ========== ========== 
Grand Total 68546 15902597 4678928 
Tot~l/Sq.Ft. 2.81 651.75 191.76 

H'v'PrC Summar·v: 

Key: 

H\!f.~C Tot.al Co~:. t:. 

Total HVAC Electrical Energy -

0. BU $/Sq . Ft • / v r· 
31.32 % of Total Cost 
17.60 kwh/Sq.Ft../yr 
31.32 % of Total Electrical Enercv 

Non-Electrical HVAC Enerqy -0.00 % of Tc:ital Energy 

l h~ih 

1 th0?r·m r·1E.t t,1d~'• 

1 u.::;. ~1.::::11 oil 
1 Imp. gc:1l oil 
1. 1 b pr-opanE~ 

RUF 
F.\: IF 
MBH 
MBTU 

- 11600 BTU RUF; 3412 BTU RIF 
- 100000 BTU RU~ and RIF 
- 138700 BTU RUF and RIF 
- 168000 BTU RUF and RIF 

21680 BTU RUF and RIF 
·-- 1::;~t~~:.cJt..lr-·ct:~ Ltt.i.lization factor- (fJcJtlt-ce \.1alt(e) 

- Resource impact fact.or (F'oint. of use value) 
-·- 1 000 BTU I hr·· 
-· Mi 1 J. ion BT 1...1 
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ANNUAL OPERATING COSTS 
Job Name : D-0 SUBCON 1/3 DESIGN SYS Page 1 
Building Name : D-0 SLJBCONSTRUCT 1/3 (Complex) 
Site : AURORA.IL FERMii User Defined 

Date 11-16-87 
60117862.0 

Scope of Analysis : Cooling and Heating Systems 

************************************************************************ 
A. AIR HANDLING SYSTEMS (ANNUAL FAN OPERATING COST = 

>1. PERIMETER TERMINAL TYPE : CONSTANT VOLUME 
Supply fan type : Backward inclined or airfoil with inlet vanes 

Supply fan total static pressure = 3.00 in. wg. 
Return fan type : Controlled pitch axial 

Return fan total static pressure - 1.75 in. wg. 
Design supply air= 42000 cfm @ 67 F; Vent. air= 3000 cfm 
Are cooling terminals used for heating ? <Y> 
Economizer type : Integrated, enthalpy controlled 
Is a ventilation reclaim device used ? <N> 
Are ventilation air dampers closed for unoccupied periods ? <N> 

************************************************************************ 
B. HEATING PLANTS (ANNUAL HEATING PLANT OPERATING COST = $498) 

> 1 . PERIMETER PLANT : ELECTRICAL RESISTANCE 
Is hydronic heating used ? <N> 

************************************************************************ 

IV-12 



ANNUAL OPERATING COSTS 
JCJb t·i,:.mr:::!: D··-o ::::;ur::c1::i1·.1 1/:~; or.:·;~;J[i!\I ~::vf.:; 

Fu i l din q l·J;~mp : D--U ~:3UUCDNE:::TF~UCT l / :::;; (Comp l t:·?· ;: ) 

Site : AURORA,IL FERMI, User Defined 
Scope of Analysis : Cooling and Heating Systems 

Paqe .-·; .. ::. 
1 l -1 b--·tP 

601.1. 786'..?. 0 

************************************************************************ 
C. COOLING PLANTS (ANNUAL CODLING PLANT OPERATING COST = $580) 

>1. PERIMETER PLANT : RECIPROCATING WATER COOLED 
Capacity @ 85 F entering water -
KW/Ton @ 85 F entering water = 
Is hydronic cooling used ? <Y> 
Is chilled water reset used ? <N> 
Is hot gas bypass used ? <N> 

75.0 tons 
0.85 kw/ton 

ls condenser performance altitude adjusted ? <Y> 
Is there one compressor per condenser circuit ? <Y> 

Are compressors cycled ? <Y> 
Heat sink type : Open cooling tower 

Minimum enterinq water temperature = 32 F 
Is a hydroni~ economi2er used ? <Y> ; Economizer efficiPncv = 80 % 

************************************************************************ 
D. PUMF I NC:; E1Yf:3TEMS ( P1NNLJ(:;I.. F'l.Ji·'ff' DF'EFJ::T l t·~C:i COST 0 ' $:::'.AL) 

Chi 1 1 i'·:· c1 ~·' :::·t t t:·:· i ... .1.() II ()(i .100.,00 
He· t. >·J::, t E\ 1·· 0.00 

dT, F 

(,) .. • . .)(_) 

(). ()() 

(:1. ()() 

0 "()(1 

0,(:.0 

0"00 
Ground water O.UO 0.00 0.00 0.00 

*************************t******************~*************************** 
E, NON-HVAC SYSTEMS (ANNUAL NON·-HVAC OPERATING COST = $47,079) 

> l. f\!Ui"J--Hv?.)C EL_f=~CTh I Cf..il... i:::ni:::i:c::v 1..1~:1 

Liqhtinq kw: Occupied 73.2 kw= Unoccupied - .. .,.. --:1· .·--, 
/ ._:: ti .a:: 

M i ·:c= c .. k ~·,: : Uc c:: t. t p .i C'· d ··· h () . 0 k ~·J : LI n o c c:: u p i Pd ···-
0th er kw : Occupied = 0.0 kw; Unoccupied -

>2. DHW SYSTEM iNot utilized in this system) 

************************************************************************ 
fGRAND TOTAL ANNUAL OPERATING COST = 

jJ,, Period >2. OTHER FUELS : 
ELECTRIC:::P1!.... i C:ic:cttp.i(''ci : Ur·1occ:ui::•:i E·c:! 
ENERGY USE CS/kwh) ($/kwh~ 

Comp r-e. s s:;o 1·-

F:e sis tan c E· : 

In\juctive 

<) • C) !:1() 

() • () ~:1() 

() .. C) ~1() 

(~ .. (>!:1() 

()" C) ~1() 

(> • () ~j() 

: N,~'I tu~-a 1 Gas 
:FuE•l 0.il 
: Pr-01::iane 
: F~Pmo tE".· Ht."? at i r1 q 
: F;'.E'mot.i?- Coe) l i.nq 
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n/a $/therm 
n/c:I $/U.S.qc;,1 
n/a $/lb 
n/a $/MPTU 
n/a $/MBTU 



COOLING PLANT COSTS 
Job Name : D-0 SUBCON 1/3 DESIGN SYS 
Bui J di nq t-.l.::imt-:.· : D-0 ~'.JUBCCll"J'.3 Tl::;:UCT l / ~; ( Co:r1 pl t~ >~ ) 
Site Name : AURORA,IL FERMI, User Defined 

De:\ lE• : .1 1-- J 6-87 
Sr~ r- i. ,:=,.. J. NumbE::o t-: 

60.117862.0 

Pin : Bin F'E"r-i.mt:::t.r::•1·- Cc1ul .inq F'l<:~r-,t t·~u J.r·it.et-·:i.or·· Zone· E:;is.ts 
Temp: Hours :coil Load Input Cost 
(F): t-a-i"v1·- MPH l<l;.! ~//r 

----------------------------------OCCUPIED PERIOD-----------------------
90 
f:3 ::'1 
80 
'75 
70 
65 
60 

:=::u 
.····,1:: .. :.:.,_. 

:! ~=.=, 

·1 ,.., 

r.:: 
· ... I 

0 

2~.B 

59.4 
14~). 3 

270.6 
::;~64. 5 
2::-1:). <) 

~:~44. 7 
232.1 
..... ~ .··i r'- c: 
.. ::. .. ::. 7 • ~J 

.174. :=.=, 

12'.? •. q. 

78. L 
4h.1 
::" ~= •• 1 
1:?. 7 
6.2 

666.2 
627.6 
~·El9. 0 
:n1 . .1 
llEi.O 

o.o 
o.o 
0.0 
o.o 
0.0 

C)" () 

() .. (:i 

l) • .. 

(.) "() 

() .. ( 

~?fl • :::' 

El" 9 
.1 .1 
() ll () 

() .. () 
(). () 

0.0 

(·'II i.) 

(),.I. ,i 

() .. (J 

n .. c:i 

( I: c 

54.0 
97.9 

176.1. 
.105.4 

1.4.F.l 
o.o 
(). (:1 

0.0 
() .. () 

() "() 

(_; .. .. ) 

() . ('· 

i.) () 

·' \.. 
() () 

(). () 

~:::. " ( ) 

-6 4.6 O.G 0 0 0 U 
Total Costs $448.2 
--------------------------------LJNOCCL!PIED PERIOD-----------------------

.-::,'o J..4.f; ~j:?/:;,,') l.•,\I ··,":''.J.CJ' 

7 () 

4 :=.=, 

4.0 

... '\C:: 

.. :: .••• 1 

20 
l ::::. 
10 

5 
0 

.., ... -;r 

._'.:(:) n ... :• 

447.6 

4.i:~.7 

417.0 
4.17.4 

252.8 
165.7 

96. :=~ 
50.9 
i-\c: -:r 
..::. ..._! • • _:i 

2 J • .1 
Tcit.Et l Co~::: ts=, 

4Pb .. F 

... ··,·-:·· .. :•· t:: 
•• :: .• _:: · .... " '· f 

() " (.) 

() " (i 

() .. () 

\). t) 

0.0 
() .. () 

0.0 
o.o 
() .. (:1 

o.o 
<). () 

o.o 
o.o 
() .. (:; 

::? .l .. (,: 
J',::'." ... 

J ' J 

()" (1 

() .. () 

() " () 

(.1 .. 0 
c~ .. c) 

()" (i 

0.0 

o.u 

0.0 
(). () 

0.0 

J :J "H 
() ti () 

(J ,, () 

(:1 .. () 

(). () 

o.u 
1:) .. () 

() .. (:i 

() .. C· 
t) .. () 

0. (l 
() .. 1:) 
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PERIMETER HEATING PLANT COSTS 
Job Name : D-0 SUBCDN 1/3 DESIGN SYS 
Building Name : D-0 SUBCONSTRUCT 1/3 (Complex) 
Site Name : AURORA, IL FERMI, User Defined 

Date : 11-16-87 
Serial Number: 

60117862.0 

Bin Bin Coil Primary Plant No Auxiliary Plant Used 
Temp: Hours Load :output Input Cost 
(F) : hr/yr MBH : MBH KW $/yr 
----------------------------------OCCUPIED PERIOD-----------------------

90 
85 
80 
75 
70 
65 
60 
55 
50 
4 c 
~ 

40 

30 

20 

10 

0 
-5 

25.8 
59.4 

145.3 
237.7 
270.6 
264.5 
255.0 
244.7 
232.1 
229.~ 

237.6 
238 5 
218.2 
174 5 
122.4 

78.1 
46.1 
25.1 
12.7 
6.2 

0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
a.a 
0.0 
a 0 
( .i " () 

0.0 
0.0 

0.0 
28.8 
67.4 

o.o 
0.0 
0.0 
o~o 

0.0 
0.0 
0.0 
0.0 
0 0 
0.0 
a.o 
0.0 
0.0 
o.u 
0.0 
0.0 
0.0 
0.0 

28.8 
67.4 

o.o 
o.o 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 
8.4 

19.8 

0.0 
o.o 
o.o 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
a.o 
0.0 
0.0 
0.0 
o.o 
a.a 
o.a 
0.0 
5 .. 4 
6.1 

-6 4.6 75.1 75.1 22.0 5.1 
Total Costs $16.5 
--------------------------------UNOCCUPIED PERIOD-----------------------

90 
8~ 

80 
75 
70 
65 
60 

50 

40 
35 
30 
25 
20 
15 
10 

5 
0 

-5 
-6 

14.6 
36.3 
99.3 

215.3 
357.6 
463.3 
500.4 
482.0 
447.6 
422.7 
413.7 
417.0 
417.4 
395.2 
336.9 
252.8 
165.7 
96.3 
50.9 
25.3 
21.1 

fotal Costs 

o.o 
o.a 
).0 
0.0 
o.u 
0.0 
o.u 
0.0 
0.0 
o.a 
0.0 
o.o 
0.0 
0.0 
6.0 

44.0 
39.1 
55.6 
72.1 
88.6 
91.9 

o.o 
0.0 
0.C 
o.o 
0.0 
() () 

0.() 

o.u 
() .. () 

0.0 
0.0 
o.o 
0.0 
0.0 
6.0 

44.0 
39.1 
55.6 
72.1 
88.6 
91.9 

0.0 
0.0 
0 a 
0 0 
(:1"() 

a.o 
u.o 
0 0 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
1.8 

12.9 
11.5 
16.3 
21.1 
26.0 
26.9 

0.0 
u.o 
0 0 
n.o 
0.0 
0.0 
o.o 
o.o 
0.0 
o.o 
o.o 
o.o 
0.0 

29.5 
163.1 
94.9 
78.4 
53.8 
32.8 
28.4 

$481.0 
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FAN AND PUMP COSTS 
Job Name : D-0 SUBCON 1/3 DESIGN SYS 
Building Name : D-0 SUBCDNSTRUCT 1/3 (Complex) 
Site Name : AURORA.IL FERMI~ User Defined 

Bin : Bin F'E·r·imetE·r· Fans; No In ter-ior ZonE· 
Temp: HoLws : Input Cos-.t 
(F) hr/yr : KW $-/vr .. 

Date : il-16-·87 
S(::>r-ial Numbf?~-: 

60117862.0 

All Pumps 
Jn put Cost 

Kl.J $/yr 
----------------------------------OCCUPIED PERIOD-----------------------

90 25.B 
85 59.4 
80 145.3 
75 237.7 
70 270.6 
65 264.5 
60 255.0 
55 244.7 
50 232. 1 
45 229.5 
40 237.6 
35 :~::;:g. 5 
30 218.2 
25 i74.5 
20 I 122.4 
15 78. 1 
10 46. 1 

c: .-··,c:: l _1 .. :~ ,_l • 

0 12.7 
-5 6.2 
-6 4.6 

45.8 
45.8 
45.8 
45.8 
4::1. 8 
45.8 
45.8 
45.8 
45.8 
45.8 
Lj '.:1. 8 
4:'1.8 
45.El 
45. f3 
LI:_::,. E 
4::,.tJ 
Ll '.:1. B 
4:.1,,f~ 

4~1.8 

4'.:1. 8 
4:."1. 8 

59.0 
135.9 
332.5 
~543. 9 
619.1 
60!5.2 
59::;:;. 4. 
559.9 
531.1 
525.1 
543.6 

499.2 
~:99" 3 
:280. J 
.178.7 
10~1. ~I 

~-''7. 4 
29.1 
14.2 

6.3 
6.3 
6.3 
6.3 
6.3 
o. 0 
(l. (l 

o.o 
0. (l 
o. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
<). () 

o.o 
0.0 
0.0 
0.0 

8.1 
18.6 
45.5 
74.5 
84.8 
o.o 
o.o 
o.o 
0.0 
0.0 
o.o 
0.0 
o.o 
0.0 
o.o 
0.0 
o.o 
o.o 
0. (J 

0.0 
l0.5 0.0 0.0 

Total Costs $7158.3 $231.4 
--------------------------------UNOCCUPIED PERIOD-----------------------

90 14.6 4:_:: •• B ~53. ,q. '~: .. ~~; 4 .. 6 
85 36. ~.::. 4~1.El E)~;. l 6 '":!' . ._: 11 . 4 
80 99.3 4:."1.f:3 ·-)·'-,\·7 ·"") 

.~ .. . 1: .. I • .o: .. f.j. :; 31 . .1 
75 215. 3 4~5. 8 492. t·' 6 . 3 67 . 4 
70 ::;:::17. 6 Lj i::: 

· •... In 
r-. 
(::'; El lf.-3 • 2 0 . 0 ('i . 0 

65 463.3 4:: .. e1 1060.0 (j 0 0 . 0 
60 500.4 45.H 1144.9 0 .0 0 . 0 
5:-1 482.0 45.8 l .10:2 8 0 . 0 0 . 0 
~.o 447.6 45.H 10:,:4 . l C). (:1 0 . 0 
4c: ... 422.7 45 • t3 967 • -:2'. 0 . 0 o. 0 
40 413.7 45.8 946.6 0. C) 0. 0 
35 417.0 45.8 954 . 1 o. 0 o.o 
30 ' 417.4 45.8 9~1~1. 0 o. 0 0 . 0 
25 395.2 45.8 904.2 o. 0 o. (l 
20 336.9 45.8 T70.8 o. 0 0 .0 
15 252.8 45.8 578. 4. 0 • 0 0 . (l 
10 165.7 4'.:·. 8 :::;;79 . 1 0.0 0 . (:1 

5 96.3 45.8 220. 3 o. 0 o. 0 
(l 50.9 45.8 1.16. c:· 

_1 o.o (l . (J 

-5 25.3 4:."1. 8 ~.7. 9 0 • (l o . 0 
-6 21 1 45 " E-; 48. -,'!' . •.,.I 0 • (l (l. 0 

Totci. l Costs $1:Wb4. E.~ $114 5 
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COOLING COIL LOADS 
Joh : D-9 SUBCON 1/3 DESIGN SYS Zone : Block 

Period : All 
Date : 11-16-87 

'! Building : D-Q SUBCONSTRUCT 1/3 (CoMplex) 
Site : AURORA, IL FERMI, User Defined 

12QQ...-------------------
1Q50,..__ ______________ _ I 

I I I 

I I I 

I I I 

L 900+-1 ---------------
0 
A 750+-, ------------------
D 
, 600....-----------------, 
M 450+-: ---------------

! ~ 300+-J ---------------
! ~ 

l 150+-----------------
1 

I I I I 

I I I I 
I I I 
I I I 

I Q.-.....--------...--.--.--.--------------~----
1 -25 -15 -5 5 15 25 35 45 55 65 75 85 ---

BIN TEMPERATURE, (F) 
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p 
0 
w 
E 
R 

' 
1~ 
w 

COOLING PLANT INPUT POWER 
Joh : D-0 SUBCON 1/3 DESIGN SYS 
Building : D-0 SUBCOHSTRUCT 1/3 (CoMplex) 
Site : AURORA, IL FERMI, Useri Defined 

Zone : Block 
Period : All 
Date : 11-16-87 

80-· -------------------------------------

70-f--------------------------------------
60 

50 

40 , 
30 

20 

10 I 

! 
0 

I 
I 

-25 -15 -5 5 15 25 35 45 55 65 75 85 951 BIN TEMPERATURE, (F) I 
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COOLING PLANT OPERATING COSTS I 
Job : D-0 SUBCON 1/3 DESIGN SYS Zone : Block 
Building : D-0 SUBCONSTRUCT 1/3 (CoMplex) Period : All I 

_s_it_.e_:_R_UR_OR_A,_IL __ FE_RM_l_,_Us_er_D_e_fi_ne_d __ ~ ____ D_a_te_:_1_1-_1_6-_87 _____ I 
400 i I 

I I 
C350~---------------------~~------~~----~ 1 

0 , 
S300~i ----~----------------~-----------------. 

'T I I 
1

1

., 250..;-----------------------i i 
I 

I$ 200..;------------------- -.......i

1
1
1 II y 150..________________ ! 

R 4 I 
1rn0~·--------~~~---~~~~-~------- 1 

I B ~ 1

1

. 

I~ 50;--I ------------------ ! 

I -!5 -15 -5 5 1s 2s 3S 45 ss bS 75 ss ,5 l I BIN TEMPERATURE, m I 
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PRIMARY HEATING PLANT LOADS 
Joh : D-Q SUBCON 1/3 DESIGN SYS Zone : Block 

200! 
175+-~ ----------------------! 

l 
I 

Building : D-Q SUBCONSTRUCT 1/3 (CoMplex) Period : All 
Site : AURORA, IL FERMI, User Defined Date : 11-16-87 

I 
IL 15Q-+----
o I 
A 125.....--
D 
, lQQ.....--

1 ~ 75 

--~~~~----------------~II 

IH SQ+---
1 

I 
I 

25+---­
g....._ __ 

-25 -15 -5 5 

----~--~~-~~~~~--~1 
I 

I I 

15 25 35 45 55 65 75 85 
BIN TEMPERATURE, (F) 
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PRIMARY HEATING PLANT INPUT POWER 
Job : D-0 SUBCON 1/3 DESIGN SYS Zone : Block 
Building : D-Q SUBCONSTRUCT 1/3 (CoMplex) Period : All 
Site : AURORA, IL FERMI, User Defined Date : 11-16-81 

6Q.Q....-------------------~ 
I 

I s2 .s 
IP45.0~­
IO 
I ~3u ----~---~~----~-----!I 

I R30.0,,...__.-
I I 

l 22.5+----
I H 1 
I WlS.Q+--1 --

1 1.5+---~ 
I 
I 

0.Q......-....­
-25 -15 -5 

I 
-----------------------------------i' ! 

I 

~-------------------~--..---~11 5 15 25 35 . 45 55 65 75 85 95 
BIN TEMPERATURE, (F) 
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PRIMARY HEATING PLANT OPERATING COSTS 
Joh : D-Q SUBCON 1/3 DESIGN SYS 
Building : D-Q SUBCONSTRUCT 1/3 (CoMplex) 
Site : AURORA, IL FERMI, User Defined 

Zone : Block 
Period : All 
Date : 11-16-87 

2QQ---------------------
1 c 175+-: ------------------.i 

0 ~ 
IS 150+-

1
. ------

' T 1 I· m 
1 $ 100-+--' -----­

I 
I I 
I I 

/ 
y 75+-, ----

1 R i 
1

/ 5Q..._, ----
1 B ~ 
I 1 25+----
l N 
I Q ' .,_.,.----~~.--~_...,.------------~ 

-25 -15 -5 5 15 25 35 45 55 

I 

I 
I I 
I I 
I 
I 
I 

I 
I 

65 75 85 95 ! 
BIN TEMPERATURE, (F) I 

I 
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FAN OPERATING COSTS 
Joh : D-0 SUBCON 1/3 DESIGN SYS 
Building : D-0 SUBCONSTRUCT 1/3 (CoMplex) 

Zone : Block 
Period : Occupied 
Date : 11-16-87 \ Site : AURORA, IL FERMI, User Defined 

I 800....------------------~ 
'C 
0 700~ s ' 
T 600,.._'. --------------S i 

I 1 I' s00~ ..... : ---------

$ 400-: -------
/ 1 
v 300-1 

-------

1 R ~ 
I 200-: -------
B i 

1 I 100 1~---­
l N 
I e I 

I -25 -15 -5 s 15 25 35 45 55 
I BIN TEMPERATURE, (F) 
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I 
----i ! 

l 
I I 

I I 
----1 I 

I i 
' I 

j 
----1 

1 l 

65 75 85 

~ 

I I 
I I 
I i 
' i 

i 

95 l 
I 



IV-c.2. 

FERMILAB D-0 EXPERIMENTAL FACILITY 

SUBCDNSTRUCTION 1/3 - COLLISION AND ASSEMBLY HALLS 
OPERATIONAL PERFORMANCE SIMULATION 

ALTERNATE COMPARISON SYSTEM NUMBER 1 
CENTRIFUGAL. CHILLERS AND CENTRAL STATION AHU'S 

WITH THESE ENERGY FEATURES: 
LAKE COOLING WATER. LAKE WATER FILTERS, HYDRONIC FREE COOLING HEAT EXCHANGER, 

HIGH EFFICIENCY MOTORS, INTEGRATED BUILDING PRESSURIZATION CONTROLS, 
AUTOM~llC LAKE WATER PUMP STAGING, CEILING HEAT CIRCULATION FANS, 

NESTED AHLI FAN INLET VANES. INTEGRATED ENTHALPY ECONOMIZER 

~~:J UC::TC1m=.r:;: ., 19E<? 
ANALYST: S.F.KRSTULDVICH 
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SYSTEM INPUT SUMMARY 
Job Name : D-0 SUBCON l/3 ALT 1 SYS 
Buildinq Name : D-0 SUBCONSTRUCT 1/3 (Complexl 
Site : AURORA,IL FERMI. User Defined 

Paqe 1 
Date 11-16-87 

60117862.0 
Scope of Analysis ~ Coolinq and Heating Systems 

************************************************************************ 
A. AIR HANDLING SYSTEMS 

>1. PERIMETER TERMINAL TYPE : CONSTANT VOLUME 
Supply fan type : Gack~ard inclined or airfoil with inlet vanes 

Supply fan total static pressure - 3.00 in. wg. 
Return fan type : Controlled pitch axial 

Return fan total static pressure - 1.75 in. wg. 
Design supply air= 42000 cfm @ 67 F; Vent. air= 3000 cfm 
Are cooling terminals used for heating ? <Y> 
Economizer type : Integrated, enthalpy controlled 
Is a ventilation reclaim device used ? <N> 
Are ventilation air dampers closed for unoccupied periods ? <N> 

************************************************************************ 
B. HEATING PLANTS 

> 1 . PERIMETER PLANT : ELECTRICAL RESISTANCE 
Is hydronic heatinq used ? <N> 

******************************************~***************************** 
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SYSTEM INPUT SUMMARY 
Job Name : D-0 SUBCON 1/3 ALT 1 SYS 
Building Name : D-0 SUBCONSTRUCT 1/3 (Complex) 
Site : AURORA.IL FERMI, User Defined 

F'aqE• 2 
1l-l6-H7 

60117862.0 
Scope of AnaJvsis : Cooling and Heating Systems 

************************************************************************ 
C. COOLING PLANTS 

>l. PERIMETER PLANT : CENTRIFUGAL WATER COOLED CHILLER 
Capacity @ 85 F entering water - 75.0 tons 
KW/Ton @ 85 F entering water = 0.78 kw/ton 
Is hydronic cooling used ? <Y> 
Is chilled water reset used ? <N> 
Is condenser performance altitude adjusted ? <Y> 
Heat sink type : Open coolinq tower 

Minimum entering water temperature = 32 F 
Is-a hydronic economizer used ? <Y> ; Economizer efficiency= 80 % 
Number of sequenced chillers= 2 

************************************************************************ 
D. PUMPING SYSTEMS 

: Sy-::;tem 

[hi. 1 1 t.::.· d , .. 1,;~ t e i' 
1-1 o t irJ ,:,~ t f? r-

lU.UO 

lU.OU 
()" (:1() 

lUU.OU 
(:1. (J() 

() n (;() 

clT ~ F 

0.00 
0.00 
U.00 
() .. ()t) 

: clP, ft wg : 

0.00 
0.00 
0.00 
0.00 

************************************************************************ 
E. NON-HVAC SYSTEMS 

>1. NON-HVAC ELECTRICAL ENERGY UBE 
Lightinq kw: Occupied - 73.~ kw= Unoccupied - 73.2 kw 
!•!i~:;c::. 1::,,, : Clc::c:ur;iE:·(:i:::: (,() .. 0 kvJ: Unc;cc::upit:0·c:I .,_. '.?O.O k\'j 

Dthf.·!1·- kv1 ;: Clcc:unic0 cl "' () .. 0 k~··J:: U;-,Dccupied -··- U.() kw 
>:? .. DHVJ f3Yf:TE!··I (Nnt 1.1t:ilizi:.:!C! j,, tho.i:;:. ~::.'/~:.t.t::0·m) 

************************************************************************ 
F. FUEL. CU'.::.Th 

.. ; 

.·· .; .. " 

ELECTRICAL : Occupied 
E!·J i::::i:;: Ci y· U f3E ( i: / k v,i!-, ) 

Compressor 0.050 
Resistance : 0.050 
Inductive 0.050 

LJ r·1 c1 c c t...i. !~' .:i .. c~· d 
(%>/kHh) 

() . () ::. () 

IV-26 

)2. OTHER FUELS : 

: l'·.J<:<.tUl".;:;.J. U;c,::;; 

: 1-uc 1 U.i 1 
: F' t-·o pane 
lF:E·mntE· HE~at.inq 

: F:emo tp Cc:io 1 in q 

Un :it Co~::; t 

n/;;_, $/tht=i·nn 
n/a $/U.b.qc:il 
n/a $/lb 
n/a $/MBTU 
n/a $/MBTLJ 



TOTAL BUILDING ENERGY SUMMARY 
Job Name : D-0 SUPCON 1/3 ALT 1 SYS F'E·r·· i ocl : P1 J l 
Building Name : D-0 SUBCONSTRUCT 1/3 (Complex) 
Site : AURORA,IL FERMI, User D0fined 
Dal:E' : ll·-l6--f37 

Z Cii-i e : [! 1 DC: k 
SE-?r i .::11 t··J-lmb0:r .. : 

601 l 7E:iL?. U 

*********************************************************************** 

Compon E~n t 

Electric (Dec) 
Electric (Unocc) 
Na tur·a l Gas 
Fupl Dil 
F'ropanc· 
RE·rnote HE~ating 

Remote Cooling 

ElE::.·c::ti' .. ic (CJcc) 
Elt-:·ctr·ic:: (Unccc) 

~-Jcir: ····· H\.' P1C:: Tc t "°"· J 

C!r"<i:1r1d T:::it.:::11 
Tc t. ::,_ J /~::;q .. Ft .. 

~··! \) r-\ c: F; Ll nt rn E:\ !·-· ....,, ~ 

{.~nnu;:~ 1 

Co=> t. 
( ~f:./yr·) 

7894 
1~~;6:?4 

0 
0 
0 
0 
0 

21:.':'il 7 

::::::::::::::::::::::::·::::.:::::::::· 

i ,···1 t:: ,. ... , ,. 
C:::CJ· ... 17C= 

H".'P1C:' TotD :I C:::u::::. t 

E1 .. 1 F21-q y n ,.-· r:~u r:.:. l 
Uni ts; 

C::c:ir1su.med 

157872 kv-Jh/yr· 
::::7247'.:i kwh/yr .. 

0 thenns/yr· 
0 U.S. qal/yr 
0 lb/yr 
0 l"IBTU/'/I~ 

0 MBTU/yr 

41L7:::::.-::. kv.h/v1-
'.'5?4f:-'l(, I: V·.! h / /I .. 

DOE RUF DOE RIF 
(1000 BTU) (1000 BTU) 

1831320 538819 
3160711 929958 

0 0 
(l 0 
0 0 
0 0 
0 0 

49920::::;1 1468776 

:!79130.l 

========== ========== 
15914313 4682375 

652.23 191.90 

Total HVAC El2ctric2l Enerqy -
~1.37 % of Total Cost 
17.64 kwh/Sq.Ft./vr 

l<F•"/: 

Non-Electric2l HVAC Energy 
31.37 % of Total Elec::trica] Enerqv 

U. UO '.-: o-f Tot.i':,J F~r-i~:~rq\-' 

.:! k1;.•!-, --· .l :! bOC• BTU RUF· ~ RTF 
l l (:1()()()() E:TU Rl ... IF: t h F~ 1·· rt1 n :':71 t q "'"- :;, . -­
.1 U.b,, Cji:<.] ojJ. -- l 5P70U PTl. i F\l.IF. c~nc:I F\ IF 
l Imp. qdl o.i.l 
1 l. b pr-·opc;1r1r=~ 

FiUF 
RIF: 
MBH 
ME·:TU 

- 168000 BTU RUF and RIF 
- 21680 BTU RUF and RIF 
- Resource utilization factor (Source value) 
- Resource impact factor (Point of use value) 
·- .1000 BTU/ hr· 
-· Mi 11 ion BTU 
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ANNUAL OPERATING COSTS 
Job Name : D-0 SLIBCDN 1/3 ALT 1 SYS 
B0ildinq Name : D-0 SUBCONSTRUCT 1/3 (Complex) 
Site : AURDRA~IL FERMI, User Defined 

F'aqe l 
Do:~.tE' 11--·16-87 

6(; l.178b::::. 0 
Scope of Analysis : Coolinq and Heating Systems 

************************************************************************ 
{~. PiIF;: Ht--:iNDL.INCi Sr'~'.TEM~:; ({it\INUflL. FPit·J ClF'ERFiTlNC~ co~:;T ::c $::;:o.043) 

1. PERIMETER TERMINAL TYPE : CCJNSTANT VOLUME 
Supply fan type : Backward inclined or airfoil with inlet vanes 

Supply fan total static pressure - 3.00 in. wg. 
Return fan type : Controlled pitch axial 

Return fan total static pressure = 1.75 in. wg. 
Design supply air= 42000 cfm @ 67 F~ Vent. air= 3000 cfm 
Are cooling terminals used for heating ? <Y> 
Economizer type : Integrated, enthalpy controlled 
Is a ventilation reclaim device used ? <N> 
Are ventilation air dampers closed for unoccupied periods ? <N> 

************************************************************************ 
B. HEATING PLANTS (ANNUAL HEATING PLANT OPERATING COST = $498) 

~ 1 . PERIMETER PLANT : ELECTRICAL RESISTANCE 
I·:; hyd1 .... uri:.i.c: hf:!.:.=:linq u~"F·c! ··::,<I'!> 

************************************************************************ 
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ANNUAL OPERATING COSTS 
Joh Name : D-0 SUBCON 113 ALT 1 SYS 
Building Name ~ D-0 EUBCONSTRUCT 1/3 (Complex) 
Site : ALJRORA,IL FERMI, User Defined 

Dc:1te 11-16-87 
601.17862.0 

Scope of Analysis : Cooling and Heating Systems 

************************************************************************ 
C. COOLING PLANTS (ANNUAL COOLING PLANT OPERATING COST 

>.t. PEl~IME:TER PL.Al~T : CHJTRil~t.H3AL ... WATER Cc:JDL.ED CHILL.ER 
Capacity @ 85 F entering water -
KW/Ton @ 85 F entering water = 
Is hydronic cooling used ? <Y> 
Is chilled water reset used ? <N> 

7~•. 0 tons 
0.78 kw/ton 

Is condenser performance altitude adjusted ? <Y> 
Heat sink type : Open cooling tower 

Minimum entering water temperature = 32 F 
Is a hydronic economizer used ? <Y> ; Economizer efficiency = 80 % 
Number of sequenced chillers = 2 

************************************************************************ 
D. PUMPING SYSTEMS (ANNUAL PUMP OPERATING COST = $394) 

: Sysb.::>m 

Chi 11 ed ~·Ja tl.:.:·r 
H cit ~"' <::1 b=-.::· r· 
Con di:?f"t'.-5E· r- WC:• ti~ r·· 
G r·oun d ~·i.:-~ tt: r 

dT~ F 

10.00 
(i .. ()() 

1.0.00 
0.00 

: dF', ft W~J : 

1.00.00 
0.00 

dT, F. 

o.oo 
0.00 
0.00 
(). ()() 

: dF', ft wq : 

0.00 
0.00 
0.00 

************************************************************************ 
E. NON-HVAC SYSTEMS (ANNUAL NON-HVAC OPERATING COST $47,079) 

}1.. NON-HVAC ELECTRICAL ENERGY USE 
Liqhting kw: Occupied - 73.2 kw: Unoccupied - 73.2 kw 
Misc. kw : Occupied = 60.0 kw; Unoccupied - 20.0 kw 
(j t h E· r· k ~·J : [I c: c: u pi. F· c:I ::::: u . 0 k l•,I ~ L.J r··: 0 c: c: l. \ ~) .i e cl 0 • (1 k ~·J 

>2. DHW SYSTEM (Not utilizpd in this system) 

************************************************************************ 
F. FUEJ.. CCE3T~3 

_.: 1. • 
EL.ECTF~ I C::P1l... 
ENEFG'{ USE: 

: Uc:c:upit=-:'d : 
(%.;/kit·,th) 

Compressot­
Resi stance : 

0. 0~)0 
0. o::.o 
C) .. t)~1() Inductive 

Unoc.c::upiE~c:I : 
($/kl·Jh) 

>2. OTHER FUELS : 

······-····-··--·-· -·-····· : Fut::· I C! i l 
0.050 :Propane 
0.050 :Remote Heatinq 
0.050 :Remote Cooling 

IV-29 
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Unit Co~:t 

n /a. $/ ther··ff1 
n/a ~;/U.S.gc:1l 

n/a $/lb 
n/a $/MBTU 
n/a $/MBTU 



COOLING PLANT COSTS 
Job Name : D-0 SUPCON 1/3 ALT l SYS 
Buildinq Name : D-0 SUBCONSTRUCT 1/3 (Complex) 
Bite Name : AURORA.IL FERMI, User Defined 

Dc:\t~e : 11-16-87 
Ser··idl l·Ju.mber··: 

60117Elb2. 0 

Bin Bin Perimeter Cooling Plant No Interior Zone Exists 
Temp: Hours :coil Load Input Cost 
( F ) J-: ~-· / ;'T : MB H r< l;J ~' / V i-

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0 CCU PIED PERIOD-----------------------
90 

80 

70 
6:'1 
60 
55 
50 
4!'5 
·1-0 

., 1::::: 
J_ ,_i 

.1.(:< 

c 
·- ~ • .J 

-·(:. 

2:.'1. 8 
!:8 • 4 

14:'·.3 
237.7 
270.6 
264. !:'1 
25~·. 0 
244.7 
TY?.1 

237.b 

174. ~:. 
1::::::?. L!-

7<3. l 
46.:.: 
2~.:." 1 
1~? "7 

.C:j .• !.:; 

Tot~'-1 Cu-::::t·:; 

7(· 

1::: 1;:· 
•. ,.1 

40 
-:rt:: ... :r ..... .1 

j "''· 

1.0 

--(.; 

4[::?" ,·, 

4:;::;:· "7 
t:\.1::::;. 7 
41.7.0 
41.7. 4 
-:r,-;c::: .···; 
-~:17 • .. .! ... ::. 

:::.::::;b,.9 

.... i" .f 

. .:: . .J .... l 

666.2 
627 .l-;; 
589.0 
::::.71 .1 
118.0 

\)a() 

0.0 
0.0 
(). (:1 

0.0 
0. (i 
(). () 

() "() 

() .. () 

() u (:. 

u "c: 

i:::····,-, L c·, 

(:: (.: 

c:. ,. (.' 
('; '·' 

o.u 
u" (i 
(;. () 

U. C• 

l.J0.2 
::=~4. 9 

10.4 
1 " 1 
0.0 
0.0 
0.0 
o.o 
0.0 
() .. () 

() .. i.J 

() "(1 

() . •.::.1 

() .. () 

() .. () 

J " j 

.·· .... ! 

() ,. <' 
! ; "· __ , 

(! .. () 

() .. () 

(1. () 

~·1.B 
103.7 
161.2 
12~!.. 7 

1.4.6 
0.0 
0.0 
0. (l 
0.0 
<). () 

() " () 

.. · " (_) 

() " () 

'" i 

····· L ! J\! CJ[: C:~ L..! F' I t:::: I:) F' t::: F: T (J !") ..... -··· ····· -·- ····· --· -

(.1" (.i 

o.u 
1:) .. () 

(:1 .. C• 
o.u 
() • 1:) 

() . () 
(). () 

-~: •• ~ .t •. : / r. ~I 
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F·t:R I MF:TEF;: HFt'i T 1 !·JC; F'L.P1hlT CD~:;TE::; 

Job Name ~ D-0 SUBCON 1/3 ALT 1 SYS 
Building Name ~ D-0 SUBCONSTRUCT 1/3 (Complex) 
Site Name : AURORA.IL FERMI, User Defined 

[) .;:;·~ t: E:• ~ .l .1. -·- 1 6 - t3 7 
~~ t·:·:· r· i C:" .. J t··J t.t rn b t:=: r· : 

Bin Bin Coil Primary F'lant No Auxiliary Plant Used 
Temp: Hours : Load :output Input Cost 
(F) hr/yr : MBH : MBH KW $/yr 
------------------------·----------OCCUPIED PERIOD-----------------------

90 25 . 8 (l . (l 0 . 0 (l . 0 0 . (l 
85 59 . 4 0 . 0 0 . 0 0 . (l ("• . 0 
80 14'.:1 ' 0 (l . ··-· . 0 . 0 0 . 0 0 . n 
75 237 . 7 0 . 0 0 . (l 0 . (l ( ) . 0 
70 270 I 0 0 . 0 . 0 . 0 (l . (l (l . (l 
65 264 . 5 0 . 0 0 . 0 (l . 0 0 . 0 
t,O 2~15 . (l 0 . (l 0 . 0 0 . 0 0 . 0 
~55 244 . 7 0 . 0 0 . ( ) (l . () 0 . 0 
50 r"j-,.. . .., 1 0 (l ..:.: ... .:1 . .::. . . 0 ( -) (l 0 0 0 . . . 
4'.:1 229 . 5 0 . 0 0 c .. 

0 0 0 . () . . 
40 

...., . .,..., 
6 0 -) ~~ -.. :. I . " 

(. 0 
.. 
) 0 0 0 0 ( . . 

~~:. !:.) 238 "' c ) ( ) . ,_I . .. ( j ( ) ( ) 0 ( 
.. 
) 

.. 
) . . (. 

:::::o :218 .... ( 
.. 
) ( 

.. 
) . ..:: .. . .. ( ) 0 () 0 

.. .. 
:1 () . l 

.--,~ 1.74 t::: ( ) () ..;;,.._, I . ~· - . 0 . ( } n ( .) ( -! . () 
:~CJ l:2:2 . 4 (. ) . 0 0 ( -) 0 0 

.. 
( .. . , () 

" 
1 c:: 7H -I () C) c.I . -'- . ( i (.. ; :1 { 

.. 
i ( 

. 
; <) '. .. . . - " ., 

I ) 4-(:; • { j { j .! .. . .I . .. () u ( ) 
.. 

C• () . () . 
r::: 2~.=:i ·I ( :1 ( :• ,.1 .I. ( '.; ( 

.. 
i ( -:· ( -i .. 

i -\ - .. .. (_ . (.. 
(_ ) 1:2 

.. .,. .-··,,-···, 1-") 

/ .. ::.C:! D :-.? ~:3 D d 4 i:: 4 " ·.~! " --· ::! &,; ~? f.::, -,. 4. . b 7 . 4 J '? " b c:· . l 
-··b 4 <::i 

···::1::: l . ; ,_, . ·-r t::; -I ~? .-~~ ( 
.. 
) c:· 1 I \.J . J_ " .. ··-' " 

Tota 1 Cc)·:?:> t ~;. ~, l"f) c:: . · .. ' 
--------------------------------UNOCCUPIED PERIOD-----------------------

, .... , c:: c:.• ,_, 

.. .,. r::: 
/ ... ) 

40 
35 

20 
l'.:1 
10 

c: ,_, 

0 

-6 
Total 

14. f .. 

36 .. :::. 

46:::.. :::. 
~100. 4 

447.6 
422.7 
413.7 
417.0 
417.4 

:.::.36. 9 

165.7 
96.3 
50.9 
25.3 
2 .1 • 1 

Co~sts 

u.o 
C) • (; 

(') . () 
(). (J 

C) .. i:) 

(). () 

o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
6.0 

44.0 
39.1 
5~5. 6 
72.l 
88.6 
91.. 9 

C) n () 

() .. 0 
() .. (.1 

C) • () 

()" (. 

(). () 

(:1. () 

(). r:) 

0.0 
0.0 
0. (i 
o.o 
6.0 

44.0 
39.1 

72.1 
88.6 
91.9 

() .. () 

() n () 

() n () 

() n () 

o.n 
(). (i 

n.o 
o.o 
o.o 
0.0 
0.0 
l.8 

1,..) Q 

11. ::=. 

16.3 
21.1 
26.0 
26.9 

IV-31 

0 .. 0 
(J .. () 

C•. 0 

() .. C• 
(l tr (:1 

(l. (i 

o.o 
0.0 
o .. o 

2·~ . ::1 
163.1 
94.9 
78.4 
5:::: .• 8 
32.8 
2£~ " Li 

$4d1..0 



FAN AND PUMP COSTS 
Job Name : D-0 SUBCON 1/3 ALT 1 SYS 
Building Name : D-0 SUBCONSTRUCT 1/3 (Complex) 
Site Name : AURORA.IL FERMI, User Defined 

Bin : Bin No Interior Zone 
Temp: Hours : Input C:os:.t. 
( F) hr·/yr· ~n·J $/yT 

Dat.E.'~ : 11-16-87 
E3et-ial Numbe1-~ 

60117862.0 

A 11 F'ump:, 
Input Cost 

f:::l•J $/yr· 
----------------------------------OCCUPIED PERIOD-----------------------

90 25.8 45.8 59.0 
85 59.4 45.8 135.9 
80 145.3 45.8 332.5 
75 237.7 45.8 543.9 
70 
6~5 

60 
5~5 

50 
45 
40 
-:r c.:: 
••. .:i .. _l 

J"i r.:: 
.L ,_J 

1 c, 

.1.0 
1::: 
·-' 

270.6 
264.5 
255.0 
244.7 
232.1 

237.6 
... -, .. ;,. ,-., i::: 

... ~ · . .'• C:.\ .. ··-' 

218. ~~ 
174. ~. 
1.22 .. 4 

78 . .1 
4£:.. l 
:?~1" l 
l :;::. 7 
6. 2. 

45. El 
4'.:1. 8 
45.8 
45.8 
45.8 
45. E3 
i.l :'1. 8 

4:':'•.t:3 
4~.:: •• b 
4::'1.H 
4~.'.:i" 8 
4~: •. u 
45 .. F~ 

61c;:·. 1 
60'.:'1.2 
58::. 4 

~.'143. 6 

::::'bO. l 
.l7H.7 
10~: •. 1

.':., 

::::.::?. 1 
14. :? 

7 .1 9.2 
7.1 21.2 
7.1 
7.1 
7.1 
0.0 
0.0 
0. c) 

0.0 
0.0 
0.0 
0.0 
<). (> 

(). () 

1.). 0 

0.0 
0. 0 
0.0 
(). (:1 

o.o 

51.5' 
84.8 
96.6 
o.o 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o. 0 
o. 0 
0.0 
<). <) 

(; .. (j 

-6 4.6 45.8 10.5 0.0 0.0 
Tot.al Costs $7158.3 $263.7 
--------------------------------UNOCCUPIED PERIOD-----------------------

... ;·.:::: 
/ -..I 

'7() 

40 
35 
30 
25 
2<) 
1 :'5 
10 

c: 
~· 
(l 

-5 
-6 

14.6 
3b. ~5 

46~~:.. 3 
~1()(:1 .. l.J. 

4f.32. 0 

413.7 
417.0 
Ll17.4 
395.2 
T::.6.9 

165.7 
96.3 
50.9 
25. ~_::. 

21.1 

4~1. E.! 

Lf. ~=5 .. F~ 
~q. ~~I u ~3 

4 ~'i. Fl 

4;::,. [::, 
4~j. 8 
4 '.:·. 8 
45 "fJ 
45.8 
4'.':L 8 

4:1. f3 
45.8 
4:'1.f3 
4:'·. 8 
4~5. H 

-·-\.'"") ."7 .·-. 
• ..:.'. • . 1::. / n .1:' . 

492.6 
81H.2 

.1144 .. 9 
1.10:::. El 
1024.1. 

'746. 6 
9~.14 • .1 

904. '.'? 
T/0.8 
~578. 4 

220.3 
116.:'1 

•lE:; .. ::::; 
~;J2f384. Ei 
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7.1 
7.1 
7.l 
7. 1. 
0.0 
0.0 
(). C• 

()a C• 

0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
o.o 
0.0 
(i. 0 
0.0 
0.0 

r.:: .•-; 
'-·' · .. ::. 

1 ~~;. 0 
~':.'.":·. 4 
76.8 

C) .. () 

0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
<). <) 

0. (l 
0.0 
0. (J 

o.o 
0.0 

$130.LI 



COOLING COIL LOADS 
Joh : D-0 SUBCON 1/3 ALT 1 SYS 
Building : D-0 SUBCONSTRUCT 1/3 (CoMplex) 
Site : AURORA, IL FERMI, User Defined 

2one : Block 
Period : All 
Date : 11-16-87 

l 1200 j 

I 1050..._: -----------------
! 1 l ~ 900-+------------------

1 A 750-+--i --------------­
! D i 
i, 600-+--. ----------------
! i 
IM 450~----------------
1 B 1 
I H 300~----------------
1 I 

I 1s0-+--
1 
--------------

! 
I I 9..._--.-____________________________ _ 

-25 -15 -5 5 15 25 35 45 55 65 75 85 
BIN TEMPERATURE, (F) 
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i 
95 i 

I 



89j 

COOLING PLANT INPUT POWER 
Joh : D-Q SUBCON 1/3 ALT 1 SYS 
Building : D-0 SUBCONSTRUCT 1/3 (CoMplex) 
Site : AURORA, IL FERMI, Use~ Defined 

Zone : Block 
Pe~iod : All 
Date : 11-16-87 

79,...._ __________________________________ ~ 

I b b9 ~ I 
I I 
I 

W 50-1 ------------~--------~--------
E 
R 49.__----------------~------~------
, 3Q~i ----~~~----~--~~~-­

!~ I I I 
I I I 

I I I I 
IW 20,...._----~--~--~------~--------
1 

10+------~------------------------ I 
I 9+---i-------r-t-------~--..-------------~ -25 -15 -5 5 15 25 35 45 55 65 75 85 95 ! 

I 
BIN TEMPERATURE, (F) 
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COOLING PLANT OPERATING COSTS 
Joh : D-0 SUBCON 1/3 ALT 1 SYS Zone : Block 
B~ilding : D-0 SUBCONSTRUCT 1/3 ~CoMplex) Period : All 
Site : AURORA, IL FERMI, User Defined Date : 11-16-87 

400------------------

c 350-+----------------------i 
0 s 300-+----------------------i 

,r 
, 250+-i-----------~-------------~ 

1 
I$ 200 I 

I~ 150~+-1 
-----------------

! R 1 
i / 100+-1 

----------------

! B ~ 
11 50+-' -----------------
1 N 

! I i j I 

I 

I -~5 -15 -5 
I 

i 
s 15 25 35 45 5s 65 15 85 95 I 

BIN TEMPERATURE, (F) , 
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I PRIMARY HEATING PLAHT LOADS 
I Joh : D-Q SUBCON 113 ALT 1 SYS Zone : Block 

Site : AURORA, IL FERMI, User Defined Date : 11-16-87 I
I B~ilding : D-Q SUBCONSTRUCT 1/3 ~CoMplex) Period : All 
\ 2QQ.,.---------------------i 
I 1 
I 175+-I ---------------------l 
I i . i 
11159-+--. --
0 1 

I~ 125 ....... · --

, lQQ+-----
1 

IM 75 ~ 

I 
B I 

H 5Q-i --
' ! I i 
I 25 ..... 1 

--

I
I , 

Q: I 

I -25 -15 
! I 

25 35 4S SS 65 75 85 95 
BIN TEMPERATURE, (F) 
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PRIMARY HEATING PLANT INPUT POWER 
Joh : D-Q SUBCON 1/3 ALT 1 SYS Zone : Block 
Building : D-Q SUBCONSTRUCT 1/3 (CoMplex) Period : All 
Site : AURORA, IL FERMI, User Defined Date : 11-16-87 

6Q.Q---------------------. 

52.5 

P45.Q 
0 
W37.5 
E 
R3Q.Q 
, 
22.5 

~ 
W15.Q 

?.5 I 

I 
Q,Q, 
-25 -15 -5 

I 

s 15 ..... 2 ... 5--35---45.,.....__,.-55~-6 ...... 5 --7-5 --.....-s-...5---195 I 
BIN TEMPERATURE, m I 
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FAN OPERATING COSTS . 
Joh : D-0 SUBCON 1/3 ALT 1 SYS 2one : Block 

Period : Occupied 
Date : 11-16-87 

Building : D-0 SUBCONSTRUCT 1/3 (CoMplex) 
Site : AURORA, IL FERMI, User Defined 

890-i ------------------... 
c 1 
0700~1 ------~~~~~--------~ 
s 1 
T 600~: --------------
S 1 
, see ..... : ---------

\ 

$ 40e~: --------
1 1 
v 3ee~: -------
R 1 
I 20e~: -------
B 1 

I I 100...------
l N I 0 +---..---.-.-.......~ 
I -25 -15 -5 5 15 25 35 45 55 I BIN TEMPERATURE, (F) 
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__ .....,, 
! 

I i 
' --"'""""'! 1 

I 

I 
---i i 

---i I 

65 75 85 

I 
I I 

I 

95 ! 

I 



IV-c.3. 
FERMILAB D-0 EXPERIMENTAL FACILITY 

SUBCONSTRUCTIDN 1/3 - COLLISION AND ASSEMBLY HALLS 
OPERATIONAL PERFORMANCE SIMULATION 

ALTERNATE COMPARISON SYSTEM NUMBER 2 
TYPICAL FY1975 DESIGN - BASIC SYSTEM 

F:ECIF'R()(~fiTING CHJL.LER'.:) AND CENTRAL. ST?HION AHU'S 
WITHOUT ENERGY FEATURES - POND WATER COOLING 

31 OCTOBER. 1987 
ANALYST: S.F.KRSTULOVICH 

FERMILAB CONSTRUCTION ENGINEERING SERVICES 
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SYSTEM INPUT SUMMARY 
Job Name : D-0 SUBCDN 1/3 FY1975 SYS 
Building Name : D-0 SUBCONSTRUCT 1/3 (Complex! 
Site : AURORA,IL FERMI. User Defined 

Date 
Paqe 1 

11-25-87 
60117862.0 

Scope of Analysis : Cooling and Heatinq Systems 

************************************************************************ 
A. AIR HANDLING SVSTEMS 

>1. PERIMETER TERMINAL TYPE : CONSTANT VOLUME 
Supply fan type : Backward inclined or airfoil 

Supply fan total static pressure - 4.00 in. wg. 
Return fan type : Forward curved 

Return fan total static pressure - 2.00 in. wg. 
Design supply air= 42000 cfm @ 67 F; Vent. air= 6000 cfm 
Are cooling terminals used for heating ? <Y> 
An economizer is not used. 
Is a ventilation reclaim device used ? <N> 
Are ventilation air dampers closed for unoccupied periods ? <N> 

************************************************************************ 
B. HEATING PLANTS 

> 1 . PERIMETER PLANT : ELECTRICAL RESISTANCE 
Is hydronic heating used ? <N> 

************************************************************************ 
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SYSTEM INPUT SUMMARY 
Job Name : D-0 SUBCON 1/3 FY1975 SYS 
Buildinq Name : D-0 SUBCDNSTRUCT 1/3 (Complex) 
Site ; AURORA,IL FERMI, User Defined 

1.l---:25-~3~7 

Scope of Analysis : Coo1inq and Heating Bvstems 

*************************************************************t********** 
C. COOLING PLANTS 

>1. PERIMETER PLANT : RECIPROCATING WATER COOLED 
Capacity @ 85 F entering water - 75.0 tons 
KW/Ton @ 85 F entering water = 1.00 kw/ton 
I= hydronic cooling used ? <Y> 
Is chilled water reset used ? <N> 
Is hot gas bypass used ? <N> 
Is condenser performance altitude adjusted ? <N> 
Is there one compressor per condenser circuit ? <Y> 

Are compressors cycled ? <N> 
Heat sink type : Closed circuit cooling 

Minimum entering water temperature = 
to~·H?r-

40 F 
Is a hydronic economi~er used ? <N> 

************************************************************************ 
J::;. i='U"1!=' IN'.::; ~:;'{STF.::M'.::: 

: f;;"y";;:; tE.•1T: 

C.:hi J. 1 E·c:! Hd tc.-:·r·· 
H C:I t \•J d t f::· l··-
c Ci n c:! E~ f"! <;;,. E:• l··· \-./ i':\ t F• 1··-

[31··- o u n cl hiE~ tc,t-

i:::·t::1::: I r--IE:TEF;: 
c:!T, F. : c:IF', ft. ~·Jq c:iT. F : d F' ~ 1' t ~·Jc.~ : 

.1. () .. ~)() 1:~1::;. OU () II (.i () 

0.00 

************************t****f************t***************************** 
E. NDN-HVAC SYSTEMS 

>1. NON-HVAC.: E~ESTRICAL ENERGY USE 
kv-.;; !] c c: L.t p i. F.~ cl .... l._ . .i.c::ht.ir··,c1 

t·'i :i. <::,c: " k v .. · ~ [! c:: C Lt p _i.. c::• Ci ::::· 60.0 kw: Un0ccupiPd -
C:! t ht:·:· r... k v~ :: C::1 1

::: c Lt p j_ c· ·:::l ::::: () .. () k V.i ~ LJ ri c::i c c: u. 1::.1 i. t-? d ···~ 

.·· ~:? .. I) 1-.. 1 VJ b "{ E::; ·r [ ~--..-1 ( ~ .... ! C:) t:. u t. j l i ::·: i:-:-~·:· cl :i. f"! th :L -~=;. ~::: \/ ~=~ t. E:1 ~··;·: ) 

> J " 
El_[C:TF;: I C;f~il_. 
ENEF:l:?.Y U~:;E~ 

Comp t-E"!'.::~·:::;c; r-
i=;:t:o•s. i ·::::. tc:\r: c E· : 

Iriduct:i.ve 

[tc:: c:: u. ~:·· i E··C! ! LJr 'i C)C c.: !...l r:! j_ E·:·cJ 
($/kwh) ($/kwh) 

() • (:1 ~-==~ () 

IV-42 

>2. OTHER FUELS : 

: Na tu r·· a 1 C3,::t ~:i 
:Fuel Clil 
: F' t-o p,::;r1 E~ 

:.RemutE: HE"!<3.t.i.r-1c_~ 

: F:E·JT:ut.F: Cool .i.nq 

Unit Co~;t 

n/a $/thet-m 
n/21. $/U.S.q.:,\l 
n/a $/lb 
n/a $-/MBTU 
r1 ! a $/MBTU 



TOTAL BUILDING ENERGY SUMMARY 
Job Name : D-0 SLJBCON 1/3 FY1975 SYS r:· et ... i o d : {:; 1 l 

Zc1ne : E~J.cJc:k· 

Ser .. ic;,l t·-!1...tiT:bc·i·· 
Building Name : D-0 SLJBCONSTRUCT 1/3 (Complex) 
Site : AURORA.IL FERMI, User Defined 
D<:."'ltE' : 11-:·2~':'1-·87 601178.:'::0:2 • 0 

*********************************************************************** 
Annual Energy or Fuel 

Cost Units DOE RUF 
($/yr) Consumed (1000 BTU) 

DDE RIF 
(.1000 BTU) 

Electr-ic (Occ) 
Electric (Unocc) 
Natur-al Gas 
Fuel Oil 
Pr-opane 
Remote Heating 
Remote Cooling 

HVAC Total 

NON-H'v'AC ENEF:GV 

13711 274215 kwh/yr 3180893 
24572 491443 kwh/yr 5700733 

O 0 therms/yr 0 
0 0 U.S. gal/yr 0 
O 0 lb/yr O 
0 0 MBTU/yr 0 
0 0 MBTU/yr 0 

38283 8881626 

93589'.:1 
1677293 

0 
0 
0 
0 
0 

2613189 

Electric (Dec) 20836 41. b 7 ~.::; 0 k i•J h / \/ 1'­

~· 2 Ll- El.''.). 6 k i•Jh / .. ;/ 1·· 

4834063 1422298 
Electric (Unocc) 26242 6088219 1791301 

Non-HVAC Total 47079 10922282 3213599 
================ ======== ========== ========== 
Grand Total 85362 19803907 5826788 
Total/Sq.Ft. 3.50 811.64 238.80 

H 1v1 ~i C 5Ll1T1 rn C'!. ,.-. ·~·/ : 

Ke.,,-: 

H'v'AC:: Total Cc!~' t. 

Total HVAC Electrical Enerqy = 

1. ~.\7 $-/Sq. Ft. /\.-T 

44.85 % of Total Cost 
31.38 kwh/Sq.Ft • ./yr 

Non-Electrical HVAC Energy 
44.85 % of Total Electrical Energy 
0.00 % of Total Enerqy 

1 k ~·Jh 
1 thet-·m n-::-1t CJi::<.'.:3 

l u.~). Cii'"tl oil 
1 Imp. qE1l c0 il 
1 1 b 1:n-·opanE· 
RUF 
RIF 
MBH 
MBTU 

- 11600 BTU RUF= 3412 BTU RIF 
- 100000 BTU RUF and RIF 

138700 BTU RUF and RIF 
- 168000 BTU RUF and RIF 
- 21680 BTU RUF and RIF 
- Resource utilization factor (Source value) 
- Resource impact factor (Point of use value) 
= 1000 BTU/hr 
-- t·1i. 11 i. c•n E!TLJ 
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ANNUAL OPERATING COSTS 
Jc::if:., h ! ........ . 

! '~ -::~. j l: i:.'.·' : D-0 SLJBCON li3 FY1975 BYS 
E·: ! .. 1• 5. 1 l · ~ 1 : • 1 r··.J \·.·:·i. rn c: ~ I:)-···() ~:~: t J E·: :~:::CJ r-·.J :;:; Ti::;~ LJ c::: ·r .1 / ~::; ( C:~ c::1 ff1 p 1. c-:· ::-:: 

Site : ALJRJRA,IL FERMI, User Defined 

A. AIG HANDLING SYSTEMS (ANNUAL FAN OPERATING COST = 
> .1.. 1=·t:i::;: I MCTf:F;: TF:r;:M I r·.J(':I.. T"/f>r:: ; CUIY'.~Ti:il\!T ',)C::li. ... U!'1E 

Supply f2n type : Backward inclined or airfoil 
Supplv fan tota.l s>t.i::..tic pt .. ·e~:..sut-e:· -.. 4.00 in. ~·Jg. 

Return fan tvpe : Forward curved 
Return fan total static pressure - 2.00 in. wg. 

Design supply air= 42000 cfm @ 6/ F; Vent. air= 
Are coolinq terminals used for heating ? <Y> 
An economizer is not used. 
Is a ventilation reclaim device used ? <N> 

6(H)(J C:: fm 

Are ventilation air dampers closed for unoccupied periods ? <N> 

************************************************************************ 
8. HEATING PLANTS (ANNUAL HEATING PLANT OPERAlING COST = !f=,5,014) 

1 .. PE::f:;: I ME::TE'.:F~: r'L. .. r~,!\!.! ; EL.ECTF I CiiL. F:F'3 I '.3T (11'!CE 
I ·:::: t .. ~ \/ l::! r··- L) r-·i J.. c 1···1 C-'· ~=" ·t i i ··• Cl l. l ·::::. c-:· d _ .. _.' < l\I :: 

ttttt,ttt++****ttttYYftft~ttttttttttttttt*t**************tfttttt******** 
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ANNUAL OPERATING COSTS 
Job Name : D-0 SUGCLJN 1/3 FY1975 SYS 
Bwildinq Name : D-0 SLJBCONBTRUCT l/3 (Complex) 
Site : ALJRORA,IL FERMI, User Defined 

.·-. 

. .::.. 
., -. .-··, i::: ,-··, ·->· 
.l. ) .. ·-·· .i::. · ... 1-··· C'.') / 

E1 c: c::i pt:·:· c:i f {:.'. r-·1 {7:\ 1 y· ~:.~ .i ·::;. ;: [: C) C) J. i r-: -~:i C:l r-1 cl ~-! c:· ~-:·t t·. :.i.. r··t c: ~:~ \' ·:::. t t-:~· n: ::::. 

***************************************************************~******A* 
C. COOLING PLANTS 

>1. PERIMETER PLANT : RECIPROCATING W~TER COOLED 
Capacity @ 85 F entering water - 75.0 tons 
KW/Ton @ 85 F entering water - 1.00 kw/ton 
Is hydronic cooling used ? <Y> 
Is chilled water reset used ? <N> 
ls hot qas bypass used ? <N> 
Is condenser performance altitude adjusted ? <N> 
Is:. tht-::·r-·E1 one con1p1·-·t.:>s:.s::.c::ii'"· pt-,i···· cor·1c:iE·n·::.t:'.·r-· c::i r·cui t ·-:.1 <Y> 

Are compressors cycled ? <N> 
Heat sink type : Closed circuit coc::ilinq tower 

Mini murn t::'n t >::? r·· .i r·1 c1 ~-J '="' t c-:; r·· t.t:-~rn PE·' r··· .,;:, t.u r··;;:;· ::: 40 i::· 
I ·::: .. ~i h \'cl t- Lf :···: i c:: E·:-:· c::: !:: ) ~- ·1 C) en J :? t:; .. j·.. l..'. =::. f~·::, ,j .-··, < r· · .. J > 

• ,···· ....• !. ........ . 
r -::::.·,.·::::- l..,!::::il 

L .. ~i. ·::.i ~- ·: -1 ___ J :--\ =::f f-.: v-.' : ~:.:i .· 1 i- ·1 -~!. ·:-::, · 

1····:·.:.:: ... iv.' 

... 1. " 
Cl.. .. t::.CTh: I Cf'1L. 
r:::NE"~:nc;y u~::c 

(~ C:~ ~Tt j:::i t ... E·.'• ·::_:. ·~-::- C) r·-

F~ E.· ==:· j ~::. t. El j" .. ; c:: c-::, : 

In:Juc:t.iv1::' 

(·:i:-,/kv-Jh) 

1·1:::1:: I !'Ii: i 1 :•r 
c r r·· 

I 1•·•.t••· 

· .. ..!-::::;, 

=:::i •. <> i-: !:·..: ~ l. .i j 'i c:·1 c: c:: i . ..i. [) .i .::::· ~::l .... 
..: .. · ... ! .. .-' :_ : ~;- :· .. : ·t .. I ~ :.1. :::. ·::::. -.., ... ·::;:. t:. c::1 (:'"i ) 
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: f\j ,:.:;\ t. t.l r·· ;9_ J c~ a. ·::. 
:Fuc.·l Cil 

: j'..-. i 

: \;·; 
. ~---~ 

·.: ,- ' .. .: \.:· V·J 

n ,· i:~ $./ t h(ei ·.n 
n/.:-:·! $./LJ.S,.~:.ii:':\1 

n/a $/lb 
r1 / ""' ~;/MDT U 
n /a 'f./MBTL! 
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PERIMETER HEATING PLANT COSTS 
o-n SLJDCON 1/3 FY1975 SYS 

c:oi::. 
l...o,:·:lc:I 
MBH 

0.0 
0.0 
0.0 
() .. (:1 

0.0 

i:) .. (; 

(J .. (:1 

() .. (:1 

i'J\.i.!T:t::E•t .. : 

Fr· i m.:::11···-..,1 r=· l .,:;ir, t 
:output Input Co~t 

: l'·,..i E~ i .. : ~-~: l;J :~ .. / \/ r: .. 

----------OCCUPIED PERIOD-----------------------
(). () 

(). () 

(:1 • () 

.(). () 

\). (1 

<). () 

() .. () 

() . () 
0 .. 0 
() .. () 

() " () 

U .. C· 

()" (: 

··r.····,···;.· ,·-. 
• •• : ••• ::. / "' '·- 1 

o.o 
(:1. () 

<) .. () 

() " () 

0.0 
o.u 
0.0 
() .. () 
1:) u () 

u.u 

():: i.J 

44 .. 1. 

/b .. i.\. 

:···, 1::; , .. , 
"')' ·~! .. t:: 

() .. () 

0.0 
0. (l 
(:; "(:i 

0.0 

(:1 .. () 

()a() 

0.0 
() ,, ~) 

() " () 

---,;;:· : 
..' ._! ., ::::. 

:···,.···, .. : ...• :~ " .. 

· ·· ·· ·· ····· ···· L.J f.J UC CU F I F r:; F' FF: I U D - ···· ··- ····· ·-- ···· ····· ···· - ·- ·- - -- - - - ···- - -- - - ···- --

.. · "1:) 

(: (:1 ' (·" c·· (:: .,(:; 

() 

() ,, ( ·' 
() •i () 

0.0 

e::.2. s· 
1.1?. 4 

~?Bl. :l 

,q.,~~,q .. 8 
.. q. ~=.:! ~::., .. / 

(.i .. ·.) 

'i i 

,··-, ·-: .. 
c::- • .. .:• 

1.: .... ·:· (.) ...... •.,: ... : 

1.. :L 7 .. 4 

... -... ·.·-.,i:_ . •. <'.· 

, . ' 
I 

() ·' (_) 

() " () 

() " () 

I.)" l._.i 

() a: () 

() " () 

:? • lJ. 
1 E~. 'I 
~:; /~ • t:J. 
~.''U. 11 . 

98 .. 4 
J .. .1.4. ::::; 
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FAN AND PUMP COSTS 
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I COOLING COIL LOADS 
1 Joh : D-Q SUBCON 1/3 FY1975 SYS 
l

1

. B~ilding : D-Q SUBCONSTRUCT 1/3 ~CoMplex) 
Site : AURORA, IL FERMI, User Defined 

Zone : Block 
Period : All 
Date : 11-25-87 

I 
16Q0 I 

I 1400
1
-, ----------~-------

1 J 

I L12QQ+-: ----------------
0 , 
A1Q00-t-: -----------------._. 

I ,... J 
! JI I 

j, 9ee_ ..... ---------------
1 M rnn~i~~~~~~~~~~~~~-----

= 

j 
! l'I IJ IUIU ! 
I B , 11 

IJ IJ 

I 

I H 400-: -----------
1 ~ I I I I I I I I 

I I I I I I I I I I 
I 2QQ i 

II! QI 1 ! i ------------25 -15 -5 

I 
s 15 25 35 45 55 

BIN TEMPERATURE, (F) 
f,5 75 85 

IV-4~ 



COOLING PLANT INPUT POWER 
Job : D-0 SUBCON 1/3 FY1975 SYS 
Building : D-0 SUBCONSTRUCT 1/3 (CoMplex) 
Site : AURORA, IL FERMI, User Defined 

Zone : Block 
Period. : All 
Date : 11-25-87 

120~-------------------i 

105+-j --------------------
j 

p 90·~:--~-~~~~~~~---~~-~~-----
0 J 
w 75~1 ---~~~~~~~--~~-~~---
E ~ 
R 60~'. ~~~~~~~~~~~~~~-

J 
45~! ~~~~~~~~~~~~~~~-

H ~ 
~ 30~: ~~~~~~--~~~~~ 

~ 
15-1 

-----------

0, I 1 I 

-25 -15 -5 5 
I 

15 25 35 45 55 
BIN TEMPERATURE, (F) 
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COOLING PLANT OPERATING COSTS 
Joh : D-0 SUBCON 1/3 FY1975 SYS 
B~ild!ng : D-0 SUBCO~~TRUCT 1/3 ~CoMplex) 
Site . AURORA, IL FERM1, User Defined 

Zone : Block 
Period : All 
Date : 11-25-87 

1200..---------------------

1 C1050-i-----------------------oi 
iO 
IS 900.,..., -----------~---
1 T 1 
i i i, 1se-:~~~~~~~~~~~~~~~~ 

I I 
I I I 

! . i 

~ 

! $ &00-; -------------
1 / i 
Iv 450-+--: -------------

I I I I I 

I I I I I I 

1. R i I ,.; 

i1300~:~~~~~~~~~~~~-
I B ~ I i 

I A 150+--~ ---------

1 0 1 I ! 1 

I -25 -15 -5 
I I I I I I I I I 

5 15 
i I 

25 35 45 55 65 75 85 
BIH TEMPERATURE, (F) 
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I 

95 



PRIMARY HEATING PLANT LOADS 
Joh : D-0 SUBCON 1/3 FY1975 SYS Zone : Block 

I 
B~ilding : D-0 SUBCONSTRUCT 1/3 ~CoMplex) Period : All 
Site : AURORA, IL FERMI, User Defined Date : 11-25-87 

800....-------~------------

I 
l 700+-! --
1 i 
I
. L 600+--, --
0 i 

1 A 500-'. --
1 D , ! J 

I 4nn I i , l(lt'J-, --
1 ; 
; "I 

I u "'>nn ~ 
I fl \ltit.J.._. --
1 B , 
l "' I I 

I H 200+-: --
1 j 

I 100i'-: --
1 J 
I I 

0+-: ~-

1 
I I 
I I I If I J -- -- .. 

l I I t l 
I I I I I I 
I I I I I I I 

I j I ! 

-25 -15 -5 5 15 25 35 45 55 
BIN TEMPERATURE, (F) 

IV-52 

! 
. I 

I 

I ! ! I 

65 75 85 95 



PRIMARY HEATING PLANT INPUT POWER 
Joh : D-0 SUBCON 1/3 FY1975 SYS Zone : Block 
B~ilding : D-0 SUBCONSTRUCT 1/3 ~CoMplex) Period : All 
Site : AURORA, IL FERMI, User Defined Date : 11-25-87 

400------------~------

350+--: ------~--------------! 
I 

1 
p300-: ~~~~~~~~~~~~~~~~~~--< 
0 , 
W250~1~~~~~~~~~~~~~~~~~~~~~__. 

E ~ 
R 200.-; --

~ 
I 1se ...__, --

~ i 
w 100-: --

J 
i 

50~ 
0; i 

-25 -15 -5 
I i ; I ! I I I ! I i 

5 15 25 35 45 55 65 75 85 95 
BIN TEMPERATURE, (F) 

IV-53 



PRIMARY HEATING PLANT OPERATING COSTS 
Joh : D-0 SUBCON 1/3 FY197S SYS Zone : Block 

I 1200
1 

Building : D-0 SUBCONSTRUCT 1/3 (CoMplex) Pe~iod : All 
Site : AURORA, IL FERMI, Use~ Defined Date : 11-25-87 

c1050-; ---------------------! 
0 i s 900-: ------

I 
I I 

~----~~~~~--~' 
T 1 
, 750+-'. ------

1 i 
I$ 600+-: -----­
: I J I I 

I v 450"!-: -----
i R I I , 

I / 3e0-: ----
1 B I I , 

I I 

I I I -

I I I I 

11 150-t-' --
1 N I 
j n I ~ ............. ----....-- I I I . i I I 

I I I I I I 

I I I I I I I I 
-25 -15 -5 5 15 25 35 45 55 65 ?5 85 

BIN TEMPERATURE, (F) 

IV-54 

I 

I 

95 



I FAN OPERATING COSTS 
1 Joh : D-0 SUBCON 1/3 FV1975 SVS 
I B~ilding : D-0 SUBCONSTRUCT 1/3 ~CoMplex) 
! Site : AURORA, IL FERMI, Use~ Defined 
I c 4000 

Zone : Block 
Period : All 
Date : 11-25-87 

I 03500~1 -----------------------! 
I S 1 
I T3QQ0,,__' ---------------------; 

I ~2s001,,__ ------------------: 
I J 

! $2000-! -------------
!I i 
I . 1 
I V150Q ...... : ----~--
1 R ! 

! /10Q0!-----~~-
B ~ 
I 500+-i -----
N 1 

Q: i I ! 

-25 -15 -5 5 15 25 35 . 45 55 65 75 85 95 
BIN TEMPERATURE, (F) 

IV-55 
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FERMILAB D-0 EXPERIMENTAL FACILITY 

SUBCONSTRUCTION 2/3 - MCH. PLATFORM & SIDEBAY AREAS WITH DCHW SYSTEMS 
BUILDING SECTOR PHYSICAL PARAMETERS AN~ DESCRIPTION 

31 OCTOBER, 1987 
ANALYST: S.F.KRSTULOVICH 

FERMILAB CONSTRUCTION ENGINEERING SERVICES 
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COMPLEX BUILDING INPUT SUMMARY 
Building Name : D-0 SUBCONSTRUCT 2/3 Date : 11-16-87 
Site : AURORA, IL FERMI, User Defined 60117862.0 

************************************************************************ 
1. ROOM CONDITIONS AND FLOOR AREAS 

Thermostat settings : Cooling = 78 F; Heating = 68 F; Setback = 0 F 
Warm-up factor = 0 %; Room design relative humidity - ~50 i: 
Floor Areas: Perimeter = 16,500 Sqft; Interior = 1,300 Sqft 
Cooling provided during unoccupied period. 

2. WALLS, ROOF~ GLASS, SKYLIGHTS: 

E:·: po sure 
Area 

(Sqft) 
Li-Factor 

BTU/ ( hr·-sqft-F) 
Glass Area 

(Sqft) 
Glass U-Factor 
BTU/(hr-sqft-F) 

North Wa.11 5 '300 0. 150 0 1.130 
Nor-theast Wa 11 0 0.150 0 1.130 
East Wall 600 (l • 150 0 1.130 
Southeast Wal 1 0 0 .150 0 1.130 
South Wall 0 0.150 0 1.130 
Southwest Wall 0 0 .150 0 1.130 
West Wall 600 0.150 0 1.130 
Nor t h~·Jes t. ~'Jal l 0 0. l ::.o 0 1.130 
Perimeter F:oo·f 4.' 4-00 0 •. C~O (i o. s:::.o 
In tE·t- i ot- Roof C) 0. 1~SO 0 0.550 

WALLS: Color = Dark~ Wt. = Medium; ROOF: Color = Medium~ Wt. = Medium 
BUILDING WT. = Medium; VERTICAL GLASS : Single Glazed 
Shade Factors : Glass = 1.000 ; Skylights = 0.000 

Internal shades are not used. A ceiling plenum is not used. 

3. L IGHH3: 
Perimeter 3.000 Watts/Sqft 
Interior : 3.000 Watts/Sqft 
Di VE• 1··s i t\i Fae tor-·~:: : De:: c upiec:I -··· 100 /~; 

Perimeter Lights : Ballast , recessed 
Interior Lights : Ballast , exposed 

4. MISCELLANEOUS ELECTRICAL LOADS: 

49,500 Watts Total 
3,900 Watts Total 

Unoccupied = 90 % 

Per imt::te~i~ 

I r1 ter i or·· 

= 12.727 Watt.s/Sqft = Occup.iE'c:I 
l.Jnocct.lpi.E~d -~ 4.242 Watts/Sqft. = 
Occupiec:I 
Unoccupied 

- %346.154 Watts/Sqft -
- %115.385 Wat.ts/Sqft -

210.000 Watts Total 
70,000 Watts Total 

450,000 Watts Total 
150,000 Watts Total 

5. PEOPl_E LOAm3 
Total Occupancy = 593 sqf t/person = 30 people total 
Activity Level: 2. Office or retail 
Sensible = 245.0 BTU/hr/person; Latent = 205.0 BTU/hr/person 
Diversity Factors : Occupied = 70 %; Unoccupied = 20 % 

6. MISCELLANEOUS INTERNAL LOADS: 
Sensible : Occupied = 
Latent : Occupied = 

0 BTU/hr; Unoccupied = 
0 BTU/hr; Unoccupied = 

7. WALLS ADJACENT TO NON-CONDITIONED REGIONS: 
Wall Areas : Peri.meter = 7.900 Sqft~ Interior -
Wall Li-Factor = 0.320 BTU/(hr-sqft-F) 
Adjacent reg.ion healing temperature = 60 F 
Adjacent reg.ion cooling temperature = 60 F 

8. INFILTRATION DATA: 
Air Flow Rates: Occupied = 50 cfm; Unoccupied = 

V-2 

0 BTU/hr 
0 BTU/h~·-

0 Sqft 

0 cfm 
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FERMILAB 0-0 EXPERIMENTAL FACILITY 

SUBCONBTRUCTION 2/3 - MCH, PLATFORM & SIDEBAY AREAS WITH DCHW SYSTEMS 
BUILDING LOAD CALCULATIONS 

31 OCTOBER, 1987 
ANALYST: S.F.KRSTULOVICH 

FERMILAB CONSTRUCTION ENGINEERING SERVICES 
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LOAD PROFILE SUMMARY 
Buildinq Name : D-0 SUBCONSTRUCl 2/3 (Complex) Date : 11-16-87 
Site Name ~ AURORA.IL FERMI, User Defined 60117862.0 

**************************************************************i********* 
TABLE 1. OCCUPIED PERIOD (Load does not incl~de vent. load, fan heat) 

[: .i.n 
TE·.•mp 
( F.) 

93 
90 
8~· 
80 
7 !:i 
70 
65 
60 
55 

···:it::.:, . .: ....... · 

.1. () 
c:: 
• .. I 

--r.: .. 

Di. r·1 
HDdl"3 

( hr··//t-) 

o.o 
25.8 
~.9. 4 

14·5.3 
237. :7 
270.6 
'..~64. ~. 

255.0 
:.::44. 7 

•"''j•""""1,w•; r..: 
.. : .... :: 7 n ..... 1 

2.18.2 
.1 ·7 .. q .. ~j 

:.i ~~:2" 4 
/d ... 1. 
'lb. J 
::?~:; • .1 
l ~-~. 7 

<-------Peri me tor 
Sen~:; i. bl c· i .... d t.£·'.·n t 

(ton sc,) (tons) 

76. 4.1 
75.55 
74.92 
74.28 
r:;.64 
T~;. 00 

71. • 7:,::, 
7.1.09 
·70 .. LJ.:.=1 
69.Hl 

64. 7.1 .. 
6tl. Ob 
6~1:. 44 
6:::. :~;1 

0. !'.'.ili 

0.37 
o. :.::6 
0.34 

0. :.::1 
o. ~::o 
() . :29 
(J. :?f.j 

u" ',?J. 

O. lH 
0. l )" 
u .1(:. 
0. l ~:, 

(; . l ~~·.:, 

(:1.1 .. 1 
0. :i.4 
0.14 

Zone------) <--------Interior 
Pl.t::·r·1L.tir1 Zor1c• St-c•ns:.ibl.E· Latent 
(tons) (F) (tons) (tons) 

0.00 
0 . 00 
0.00 
(l. 00 
(). ()() 

0.00 
0.00 
(l " 00 
0.00 
0.00 
u .. ()() 

() " () () 

(.i" ()( .. i 

() .. () (~ 

()" ()() 

()" ()() 

78 
78 
78 
78 
7B 
78 
78 
7E3 
-,.,.. .. , 
I Cl 

7H 

"/H 

.129.42 
1.29.41 
129.41 
1.29.41. 
129.41 
1.29.41. 
l'.:?9.4.1. 
129.41 
.1'.:29.41. 
.l29,,4J 
.1.::?q" 4.1 
J'.?Ci',t1J 

l '.:,·:: 9 . l] :l 
J2Cy,ljJ 

:J. :",?9. 41 
J:?').41 
ol.'..:·::;<. 4J. 

l '.::::9" 41. 

1. :::·9 .. 4 .l 
1.29.41 
1:::::9" ii l 

0.04 
o. 03 
0.03 
0.03 
0.03 
0. 0~3 
0.03 
(). ()3 

0.03 
() .. () ~::: 

() 11 c)::::; 
() • C)~) 

() .. ():; 
() .. () ~::; 

Zone·-·----·---> 
P 1 E•num ZonE· 
(ton~-=·) ( F) 

0.00 
0.00 
(l • 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0"00 
0.00 
C.00 
C· .. ()() 

() .. C·() 

(1 .. C)() 

(). ()1:) 

0 .. 00 
(i .. ()() 

78 
7B 
78 
78 
78 

7t3 
78 
78 

78 
7f.:l 
7El 
78 
78 
78 
78 

TABLE ~- UNOCCUPIED PERIOD (Load doe~ net include vent. load, fan heat) 

6C 

~)() 

4~5 

40 

.... c::: 

..::.\-' 

~I 

0 

CJC'.i -:; ... "· .. .' 

4b~:' .. :.=1• 

'.'.:;()(). 4 
4ff2. 0 
447.6 
422.7 
413.7 
417.0 
417.4 

33t.: ... C,i 

16~·.7 

96. ~~ 
:=1() .. 9 
..... ::: ·7· 
.. ::. ~-' • • .. :1 

:21 . 1 
() .. () 

::: .l . } -::;;· 
:::!: :! • 1 Fl 

28. T:? 
28 • .lO 
27.49 
26. EP 
26 .. 2tJ 

24.41 
:23.80 

U" lU 
C. lU 
0" JU 
u" t ,., 
U • .lO 
()" l () 
u. 10 
0.10 
0 .10 
0 .1.0 
0.10 
0. 1 0 
() • .1. () 

o .10 
0 .10 
0 .. .10 
0. 1. u 
0. 1 u 
U. 1C 
() " .1.. () 

() "(.1() 

~) " () () 

() " ()(") 

c) .. ()C• 

() .. (}() 

(). ()1:) 

C)" C)() 

0.00 
() .. ()(:1 

() .. ()(:1 

0.00 
0.00 
0.00 
(:1. ()() 

() "()(: 

(_; "(!() 

V-4 

7f:3 
7f.3 
·~78 

~-y ,.·-, 

/ Ci 

···rt .. ; 
/ ~ . .;; 

l'.j~''..9? 

!~ ::~. 92 
4~::; • C! .°? 

43. 'i":2 
4-~~:;. 92 
4:3. '7'2 
4::::.. q:~ 
43. S':2 

43.92 
LI::;. 92 
43. 9:? 
4::~;. c_;i:;:: 
4:::::" ·:::;:::: 

0.01 
0.0J 

0. ()1 
()Ir() j 

() .. ().1 

0.01 
0.01 
0.01 
0.01 
(i. 0 .1. 
0. 01. 
0. 01. 
0. 01. 
0.01. 
0.01 
0.0.l 
0.01 
.:.) .. (.).°.!. 

U.U.\ 

0.00 
() .. (J1:) 

(). ()1:) 

(; .. ()1:) 

0.00 
0.00 
0.00 
0. 00 
(l. 0(! 

0.00 
0 . 00 
0.00 
0.00 
0.00 
(.i Ir ()(.i 

(). (:1() 

()Ir l)() 

•.) .. ()() 

7<3 
7f3 
7t3 

78 
7P 
7l:3 
- ... .-·1 
JC 

78 
7H 
78 
7H 

78 
"/[-3 

7E~ 

68 



SOLAR GAIN SUMMARY 
Buildinq Name : D-0 SUBCDNSTRUCT 2/3 (Complex) Date : 11-16-87 
Site Name : AURORA.IL FERMI, User Defined 60117862.0 

************************************************************************ 
TABLE 1. SOLAR GAINS BY EXPOSURE 

Bin 
Temp 
(F) North 

93 
90 
85 
80 
7::'1 
70 
6::1 
60 
55 

45 
4(l 

20 
15 
10 

5 
0 

-5 
--6 
-6 

13.0 
9.2 
8.8 
8.3 
7.8 
7.4 
6.9 
6.5 
6.0 
c:: c: 
._1 • .._I 

::. u 1 
4.6 
4.1 
:::::. 7 

•"") -~ .. ::. .. _:. 

1.8 
1. 4 
0.9 
0.4 
0. :::;, 
0.0 

NE 

30.4 
21. 5 
20.4 
19.3 
18.2 
17.1 
16.0 
1. 4. 9 
13.8 
12.6 
1.1 • i:::, 

10. t:! 

8 2 
7 . .1 
6.u 
4.9 
·3. El 

1.6 
C). !:1 

0.0 

East 

47.4 
33.6 
32. C) 

30.3 
28.7 
Tl .1. 
25.4 
2::;. 8 
,.i.·""\ .... ... 
...::. . ..::. .... ::... 

H3.'-::t 
17. :::;, 
:L 5. 6 
14 "() 
l :~'. ",(.~ 

1C•. 7 
9.,1 
7" ::. 
:: •. 8 
4. '..? 

.-, -:r 

...::." . 

0 .. 0 

Solar Gains by Exposure 
(BTU/ ( hr·--sq ft) ) 

SE South SW West 

38.1 
36.3 
34.6 
32.9 
31.2 
29.4 
27.7 
26.0 
24. '.:? 
•""1-····, 1::: 
.. ::.. .. ::. " .... 1 

20 p 

.19" u 
17.3 
.15" 6 
1:-.::;. 9 
l 2. j_ 

10. Ll 
8.7 
6.9 

4.9 
u.O 

50.4 
3:"·. 9 
34.4 
32.9 
~.:H. 4 
29.9 
28.4 
27.0 
25 .. :_:. 
:24 .o 
...-;.--, r-..: 
.• ::. . .::.",_I 

21 0 
.19 5 
18.0 
.16.::1 
1 ~). 0 
1:=::" :=_:, 

.1.2. () 
10.6 

Cf• 1 

_.,. -:r 
/ . _; . 
0. () 

V-5 

74.4 
52.9 
5<). 5 
48.1 
45.8 
43.4 
4.1.0 
::;:;g. 6 
:3:6. :-_::; 
33.9 
::-s l " ~:. 

':?9" l 

24. ·'!-
··~)··::-· {"l 
... ~ ··- fl ·~· 

19.6 
17. ::::: 
.14.9 

10.l 
7.8 

0.,0 

56.9 
40.4 
38.6 
36.7 
34.9 

31.2 
29.3 
r-i7 c: 
. .;:., ' • ._I 

:~::3 8 
21.9 
:20. J 
HJ.2 
lb. L!. 
14. '.'°· 
1. ':'.' 7 

10.8 
9. (l 
7.l 
5. ·:::; 
4 9 
0.0 

NW 

27. ::. 
19.5 
18.5 
17.::'1 
16.5 
15.5 
14.5 
13. :=, 
12.6 
11.6 
10.6 
9. {-:; 
8.6 
7.6 
6.6 

4.7 
3.7 
2.7 
1. 7 
0.7 

0.0 

Pet-im Inter 
Horiz Horiz 

0.0 
o.o 
o.o 
o. 0 
0. (l 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
(:1 • () 

o.o 
0.0 
0.0 
(). () 

0 . (l 
0.0 
0.0 
<). (i 

0.0 
0.0 
0.0 

0. (l 
0.0 
0.0 
0.0 
o.o 
0.0 
o.o 
0.0 
0.0 
(i • (l 

0. (l 
0. (l 
0.0 
o. (l 
0. (l 
0 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 



ETD SUMMAFh' 
Building Name : D-0 SUBCONSTRUCT 2/3 (Complex) Date : 11-16-87 
Site Name : ALJRORA,IL FERMI, User Defined 60117862.0 

************************************************************************* 
TABLE 1. OCCUPIED PERIOD 

Bin 
Temp 
(F) North 

93 
90 
85 
80 
75 
70 
65 
60 
:;,5 
51) 

4''', 
40 

10 
r..:.: 

~· 
0 

-5 
-·-6 

8.0 
5.4 
1.0 

-3.4 
-7.8 

-12.2 
-16.6 
-21.0 
-25.4 
-·29. 8 
--::::A .. 2 
-~!:u.6 

-47.4 
--:=.:il. t3 
-:'·6. 2 
--,~){). ~f 

--64. S' 
-69.3 
--·73. 7 
--78.1. 
-·79 .o 

NE 

11.4 
7.8 
3.3 

-1.3 
-5.8 

-10.3 
-14.8 
-19.3 
·--23 .. 8 
-28.4 

-·~T.7. 4 
--41. 9 
--46. 4 
-'.:·1. 0 

···- /-:.• t:) • () 

--64. 5 
-bC"i .. () 

7"7 0::: -- ~ . ..:r • ~ .. ! 

--7'8.1 
--79.0 

Equivalent Temperature Differences (F) 
By E:< pos:-ure 

East SE South SW West NW 

13.8 
9. ~· 
4.9 
(). 3 

-4.3 
-8.9 

-13.5 
-18.1 
-22.7 

-41.1 
-4~\. 7 

-:;4. s:· 

---64 .. 1 

-T7 .9 

--78. F; 

23. ::. 
16.4 
11.5 
6.6 
1. 7 

-8.1 
--1.3.0 
-·17. 9 
-·22 .8 

.--,··; -·,. ···- . ..::. / . / 
-32. ~· 
-::-57. 4 
-42.3 
--47. 2 
·····:'12.1 
--:~,7 .. () 
-61.9 
-···(~{~ .. f3 
-71..7 

-77'. ~! 

29.8 
20.8 
1.:'1.7 
1<). i;:, 

5.4 
(i. 2 

-4.9 
--1.0.1. 
-15.2 

-:2~5. ~.5 

·- ::~; !:1 " 8 
-41..0 
--4,-':). 1. 

-t.1. • f.:. 
-66.7 
-71..9 
-~77"() 

-·7'E:1 .. () 

27.0 
18.9 
13.9 
8.9 
3. ·=t 

-1.1 
-6.1 

-11.1. 
-16.1 
-21.1 
-26.1. 
-:::::1. 1 
-:~;6. 1 
-41..1 
--Lf(:J. 1 
- :.'".1 .. 1. 
--:'16" l 
--6.l. l 
-·-6b. 1 
--7.1. • .1. 
--76 .. 1. 
·-·77. 1. 

20.7 
14.4 
9.6 
4.7 

-0. 1. 
-4.9 
-9.8 

-14.6 
-19.4 
-'.:::'-'.).. 2 
-2'=?. 1 

-4·3. b 
-48.4 
-5~5. 2 
-58 .. •:) 
-62.9 
-67.7 

...,.,...) c:: 
-· / .• :: .• ,..J 

-·7Fl. 3 

10.3 
7. (l 
2.5 

-2.0 
-6.5 

-10.9 
-15.4 
-19.9 
-24.4 
·-2[{. 8 
-33. ~~; 
-37.8 
-42.3 
-46.7 
-~51.2 

-6<) .. ~2 
-64.6 
-69.l 
·-7::.=:;. t.) 
-78.1 
-.. 79. 0 

TABLE 2. UNOCCUPIED PERIOD 

80 

70 
b~· 

60 
55 

45 
40 

25 
2() 

1 :=. 
10 

0 

-6 
··-b 

'.:1. 4 
l. i) 

--3. 4 

-L2.2 
--16.6 
-21.0 
-25.4 
-29.8 
-34.2 
-38.6 
-43.0 
-47.4 
-:'11.8 
-~16. 2 
-60.5 
-64.9 
-69.3 

-- 78. 1 
·-- ·79. {) 
-·74 .0 

.... 1. 3 

··-1 C) .. :~; 

-14. f3 
-19.3 
-23.8 
-28.4 
-·32. 9 
-37.4 
-41.9 
-46.4 
-51.0 
-55.5 
-60.0 
--64. 5 
-69.0 
-·73. 5 
- 7f:l. 1. 
---79. () 
--74. 0 

4 C) 

0 n ~; 

-4. ::::; 
·-··8 .. C,' 

-·1.3 .. ~1 

-18.1 
-22"7 

J'""l...., -;i· 
-- ..:.:. / •.• .:= 

-31..9 
-36.5 
-41..1 
-45.7 
-50.3 
-54.9 
-59. :=. 
-64.1. 
-68.7 

--y-7 .-1 
-- I / n 7 

···-78. f.3 
-74.0 

lb. LI 
i l. ~:,:; 

I ·' 0. C) 

l. 7 
~ -, 
· ... • . ....: .. 

-··El. 1 
-.13.0 
-1.7.9 
-22.8 

r;-r -,, 
-..::. l • l 

-3~2. 5 
-37.4 
-42.3 
-47.2 
--:-12.1 
--57. 0 

--66. 8 
-·71. 7 
--·76. 6 

... r...,. r.: 
·-- / / .. .._! 

-74.0 

.1 ~::,. 7 
1 (i. '.'_", 

:::'1. 4 
() .. 2 

-A .S' 
-1.0.1. 
-l.5.2 
-20.4 

-30.7 
-3~·.8 

-41.0 
-46.1. 

-~·6. 4 
-61.6 
-6f:.:,. 7 
··-7i.9 

-·74 .o 

l ~3. 9 

8.9 
..,. ,, 
._:: . -; 

-1. 1. 
-,~). 1 

-1.1.1. 
-16.l 
-:21 . .1 
-26.l 
-31.l 
-36.1 
-41.1 
-46.1 
--~·1. 1 
-·-:',6.l 
--61. • 1 
-66.l 
-·-71.1. 
--76.l 
-"7'? • .1 
-74.0 
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14.L!· 
q. t:· 
4 7 

--u .1 
--4. 9 

-14.6 
-19.4· 
-24.2 
-29.l 
-33.9 
-38.7 
-43.6 
-48.4 

C:7 ~ 
-._1 ... :i •. .::.. 

-:'18.0 
·-62. 9 
-67. 7 
-· 72. 5 

-74.0 

7. () 
.-.. , c:, 

-~2. (j 

-f::.,. ~! 

-1.0.9 
-l ~::,. 4 
-19.9 
-24.4 
-28.8 
-33.3 
-37.8 
-42. ::::: 
-46.7 
-51.2 
-5~5. 7 
-60.2 
-64.6 
-69.1. 
-T~:!:. 6 
--?t3. l 

--74.0 

Pet- i m I n t et-
R o of Roof 

30.4 
21. 7 
1.6.4 
11.1 
5.8 
0.5 

-4.9 
-10.2 
-15.5 
--20. 8 
--26. 1 
-31..4 
-36.7 
-42.0 
--47.3 

--~17. 9 
--63. 2 
-·68. 6 
·--TS.9 
- -;7i:; ti 2 
~·-8(). ;2 

.-...... -1 7 
,:.. ..L. • , 

1 t:. 4 
1..1. l 

::1. 8 
0.5 

-4.9 
-10.2 
-15.5 
-20.8 
-26.1. 
-31.4 
-36.7 
-42.0 
-47.3 

-57.9 
-63.2 
-6t3. 6 
--7-.:::. 9 
_7q 7 

--F3C). :2 
-- 7' ,q. .. C· 

30.4 
21. 7 
16.4 
11.1 
5.8 
o. 5 

-4.9 
-10.2 
-15.5 
-20.B 
-26.1 
-31.4 
-36.7 
-42.0 
-47.3 
--52. 6 
-:'·7. 9 
-63.2 
-68.6 
-T~;. 9 
-·79. 2 
-80.2 

2.i. 7 
16.4 
11.1 
~ •. 8 

-ll. 9 
-10.2 
-1~1.:=1 

-20.8 
-26.1 
-31.4 
-36.7 
-42.0 
-47. :-,:;; 

-57.9 
-63.2 
-·68. 6 
-7.::. ~· 
-79.2 
-t30. 2 
--·74.0 
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31 OCTOBER, 1987 
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FERMJLAG CUNSlRUCTICIN ENGINEERIN3 SERVICES 
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V-c.-1. 

FERMJLAB D-0 EXPERIMENTAL FACILITY 

SUBCDNSTRUCTIDN 2/3 - MCH, PLATFORM & SIDEBAY AREAS WITH DCHW SYSTEMS 
OPERATION~L PERFORMANCE SIMULATION 

DESIGN BASIS SYSTEM 
F:E c Ip h: (i c r1 T 11\i C· CH I L.. L.. E F :=; " c 1:: r-.j T !::;: (', !.... ~:; T (.'j T T (J l\j (\ H '· .. i .. ~:~ ' 1:::;[1 !''IF' u TE:F: F=:ou:·1 CHi'J ?"~ c UN I T ~:::; 

t-"ii)L V,! --~,·:ER CUUt_[~U EL_f~C::TRDI i I c f~:r1c:1 :~:::: 

WITH THESE LNERGY FEAYURES: 
Lt:·:f:E C:UUL. l t.JC· \;J(:TEF;:" L. {<l<F ~·J(i TC r:;: :· I l. .. Tr::::::~~" HYDF;:Dl I I c r:F!FF LOUL I 1·~c:; HF;::-, T E \ CHf~l·ll'.:)E:7.F ,, 

H l LJH ::.r=: J '.:JI :r1c:: y !''l'.!TUF:':::' i !!TiC:.i!;.'.f··iTLL.; f;iJ j L.D 1 j.j[) F'PE:~::;'.:3!.!F.: I 7 p, TI c:r. i:: !il<TF:CIL.E-) " 
1::,1. .!TUr·1f:: T Tc L.f~:i<f:: liJ!'.'1 T::r:;: ! ·u:·11: ::::·r (\!'..!I I-Ii::' J i\lTC:CiH('·1 TED Ei\I TH: .. :": .... PY EC .. c:r-:ur: I z FF:' 

:::::u1::.r::·1 y· (~I!;: CCJUL. .. I! J::::; TF:r1F't=::h:r:, TUFF F;~FHFT 

31 OCTOBER. 1981 
!-i~l(il ·rh·! ~ b.F .KH!:::Tt.'LU\/ICi-4 
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SYSTEM INPUT SUMMARY 
Job Name : D-0 SUBCON 213 DESIGN SYS 
Buildinq Name : D-0 SLJBCONSTRLJCT 2/3 (Complex) 
Site : AURORA.IL FERMI, User Defined 

Paqe 1 
Date 11-16-87 

60117862.0 
Scope of Analysis : Coolinq and Heating Systems 

************************************************************************ 
A. AIR HANDLING SYSTEMS 

Are perimeter and interior zone on same supply fan ~ <N> 
>1. PERIMETER TERMINAL TYPE : CONSTANT VOLUME 

Supply fan type : Forward curved 
Supply fan total static pressure - 2.00 in. wg. 

Return fan type : Controlled pitch axial 
Return fan total static pressure - 1.00 in. wg. 

Desiqn supply air= 36000 cfm @ 55 F= Vent. air= 600 cfm 
Are coolinq terminals used for heating ? <Y> 
Economizer type Integrated, enthalpy controlled 
Is a ventilation reclaim device used ? <N> 
Are ventilation air dampers closed for unoccupied periods ? <N> 

>2. INTERIOR TERMINAL TYPE : CONSTANT VOLUME 
Supply fan type : Forward cL1rved 

Supply fan total static pressure - 0.01 in. wq. 
A return fan is nnt used. 
Design supply air= 61384 cfm @ 55 F; Ver1t. air= 
An economizer is not used. 
Is a ventilation reclaim device userl ~ <N> 

0 cfm 

Are ventilation air dampers closed for unoccupied periods ? <N> 

************************************************************************ 
B. HEATING PLANTS 

Does one primary heatinq plant serve perimeter and interior ? <Y> 
1 . BLOCK PLANT : ELECTRICAL RESISTANCE 

Is hydronic heating used ? <N> 

********************************************«*************************** 
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SYSTEM INPUT SUMMARY 
Job Name : D-0 SUBCON 2/3 DESIGN SYS 
Building Name : D-0 SUBCONSTRLJCT 2/3 (Complex) 
Site : AURDRA,IL FERMI, User Defined 

F'aqe 2 
D<:-1tE: 11--16-87 

60117862.0 
Scope of Analysis : Cooling and Heating Systems 

************************************************************************ 
C. COOLING PLANTS 

DcH:?·5 cine plant set-·vc pt:'r-·.imc·t.E·I- ,~nd intE:1 r.iur r·:· <Y> 

>1. BLOCK PLANT : RECIPROCATING WATER COOLED 
Capacity @ 85 F entering water - 230.0 tons 
KW/Ton @ 85 F entering water = 0.85 kw/ton 
Is hydronic cooling used ? <Y> 
Is chilled water reset used ? <N> 
Is hot gas bypass used ? <N> 
Is condenser performance altitude adjusted ? <Y> 
Is there one compressor per condenser circuit ? <Y> 

Are compressors cycled ? <Y> 
Heat sink type : Open cooling tower 

Minimum entering water temperature - 32 F 
Is a hydronic economizer used ? <Y> ~ Economi?er efficiency = 80 % 

************************************************************************ 
D. PUMPING SYSTEMS 

: 5'/£:t.E•m 

C::hi 11 t~?cl i•Ji:~ tE't°. 

Hot 1·;ater-
Con c:I Pil ·::; £-' r· i•JC:\ t t::· 1'· 

Gr-our··,d i•Ja tt:::·t·-

c1 T. r:· 

lU.UO 
() . (.)() 

: c:IF', ·ft 1·1c: : 

1.00.00 
(). ()() 

~.:! (:1 • () (:1 

1:) • ()() 

dT, F 

0.00 
(). ()1.) 

() . ()() 

: c:IF'. ft wg : 

0.00 
0.00 
0.00 
0.00 

************************************************************************ 
E. NON-HVAC SYSTEMS 

>l. NON-HVAC ELECTRICAL ENERGY USE 
i_icjhtir-,q 
Mi·:::.c::. k1·J 

kv-_1: Dc:cup:iE::·d -·­
: Clcc::u.p.i.f2d ::::: 

k I/·,!~ 
k ~"J ~ 

t.Jncicc u Di i:~·::-d ····· 
l..' n c:· c: c:: u p i ,:,::, cl ·-· 

Dthc::.r·· ki·J : [1c:c:u1::i.i.E·d :::: 0 .. 0 kv·J; Ur1ucc1_.q:::,i.E"d ·-· (:i .. 0 ki•J 

>:-::·,. DHl;.J s·/f.;TEM (f\!ot uti.Ji::c·cl ir1 th:i.~:: £:vs:;tE·ff1) 

************************************************************************ 
F • FUE.L. CC1~)T'.:; 

>.1.. F'E·r-·iud 
ELECTRICAL : Occupied : Unoccupied : 
ENERGY USE I ($/h·Jh) ($/k~o.Jh) 

Comp~-essor­

Rt::·sis t.anc:e : 
Inductive 

0 .0'.'50 
(). ():1c:i 

0.0~10 

O. O~·O 
0.0::':·0 
0.0:'10 

V-10 

>2 .. OTHER FUELS : 

: t·J3 lt.W c:<.1 bE1S 

: i:--:-ut:d Di l 
: P r·· u p a. r1 E· 

: F\:emotc, HE.-.at.inq 
:F:t:~meite C::ooli.nq 

Uni. t L:o£-:. t 

n/a $/therm 
n/.:::i $/U.S.gal 
n/a $/lb 
r1/a $/MBTU 
n/a ·:t/MBTU 



TOTAL BUILDING ENERGY SUMMARY 
J 0 b t'Jdff:f·.' : D--c; ~:;UHCC:li .: :~O:: / ~::. DEE) I c;r·-! f:)YE 
Bu.-~ l cJ 1 nq l'~:,1.mt! : D· U ~3UBC;UiL3TF;:UCT :2/:=; ( Cump i. e;;) Zor11:::· : fl 1 oc: k 
S.i.t.F· ~ (\l..JF:DFu:::!; IL FT:hi•il' U·=:::.E·1 l··· Dc:•i':1ned ~3E·t-·:i.al Numbe1·· 
Date : 11-16-8/ 60117862.0 

*********************************************************************** 
HVAC ENERGY Annual En1:~1---q\/ or· FuE·l 

Component ($/yr) 

Electric (Dec) 19356 
Electric (Unocc) 14943 
Natural Gas 0 
Fuel Oil 0 
Propane 0 
Remote Heatinq 0 
Remote Coolinq 0 

HVAC Total 

Elt:,ctric (CJc:c:) 
Elt:.:•c::t1"i.c.: (l.Jr··,uc:c) 

======~========: ======== 
Cit-ar·,cJ Tot<:' J. 2::::1~:,.:-~:!: 

Total/Sq.Ft. 12.44 

~-! 1\/1 f:":1 ~:::: ::::; Lt Tl In Et r· \l :: 

H\!f'.:1C To t.a.1 C::c::i ::: t 

Units DOE RUF DOE RIF 
Consumed (1000 BTU) (1000 BTU) 

387115 kwh/yr 4490540 1321225 
298853 kwh/yr 3466692 1019985 

0 therms/yr 0 0 
0 U.S. gal/yr 0 0 
0 lb/yr 0 0 
0 MBTU/vr 0 0 
0 MBTU/vr 0 0 

79~Y7232 2341210 

========== ========== 
51358591 15110937 
2885.31 848.93 

Total HVAC Electric:0l Enoroy 

1.93 $/Sq.Ft./yr 
15.49 % of Total Cost 
38.54 kwh/Sq.Ft./yr 

Non-Electric2l HVAC Enerqv 
15.4~ % of Total Electrical Energy 
0.00 % of Total Eneray 

l kwh = 11600 BTU RUF; 3412 BTU RIF 
1. t ht-:~ r-m n .;;·, t. CJ ._::l :;, .i O;)C•UO PTU f;:uF· ;::,n cl I~: T F 
1 l..!. ~::. c:,,,, J u:.i l ···· l ~=:;9-;-ou BTU RUF ;;:i.r:d f;: Ji:· 
l Imp. q2l oil 168000 BTU RUF and RTF 
1 lb propane - 21680 BTU RWF and RIF 
F;:ui:~ -·· 
F;: IF. -·· 
MBH 
MBTU -··· 

Resource utilization factor (Source value) 
Resource impact factor (Point of use value) 
1000 BTU/hr-
M:i.1 lion PTU 
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ANNUAL OPERATING COSTS 
Job Name : D-0 SLJBCON 2/3 DESIGN SYS F'aor:> .1 
80ildinq Name : D-0 SUBCONBTRLJCT 2/3 (Complex) 
Site : AURORA.IL FERMI, User Defined 

D::•.tr:.:· 11-16-87 
601.17862.0 

Scope of Analysis : Cooling and Heating Systems 

************************************************************************ 
A. AIR HANDLING SYSTEMS (ANNUAL FAN OPERATING COST = 

Are perimeter and interior zone on same supply fan ? <N> 
>1. PERIMETER TERMINAL TYPE : CONSTANT VOLUME 

Supply fan type : Forward curved 
Supply fan total static pressure - 2.00 in. wg. 

Return fan type : Controlled pitch axial 
Return fan total static pressure - 1.00 in. wq. 

Design supply air= 36000 cfm @ 55 F; Vent. air= 
Are cooling terminals used for heating ? <Y> 
Economizer type : Integrated, enthalpy controlled 
Is a ventilation reclaim device useJ ? <N> 

600 cfm 

$10,3~.:o) 

Are ventilation air dampers closed for unoccupied periods~ <N> 

)? INTERIOR TERMINAL TYPE CDN~3TP1NT VC!LUl'1E 
Supply fan type : Forward curved 

Supr.::l--:, 1 ·f',:;,_n tc:i+.<:'<l ·c,3t,,·,1t.:tc L'•!'"E~'.:::.'.'::.Jr-·c· - U.Ul i.n. ~·iq. 

(~ r···(·::· t. 1.J i: .. r·i ·f ~:~. n .i ~:=~ i .. , c: t Lt sf:· ;:.1 .. 
Desiqn supp]v aiv~ 6138~ cfm@ 55 F Vent. air= 
An economizer is not used. 

·1 c ;;·., \iF' i1 I.'. i 1 ,:;1, t :i. <:')i"I t' t::::· C ) E:< i. ff: Ci(''\' i ;::: C• U '.::; E:· c:i "" <: j··.! > 
n l''F• VE''l'i t. i J ,=:1, [, i C•l"'i -''" i (' d<:)i'i'i PE' i'~;:, •:::: 1 u-:::.F1 c:i ·fur" un c:ic:: cu r:1 i f'"d PP I'" .i uc1 ;::; '') <hi> 

***t******************************************************************** 
B. HF{\Tit,JC F'L..r---·:l\JT'.3 (i'-'1~Jj\j\ .. ifiL HFi~TJi<h F'L.P:l\iT UF'EF~ATINC~ c:c1:3T "' $0) 

> 1 . BLOCK PLANT 
Jc;; h\'d1'ur·:ic:: he,0i'i:5r:.:1 u·:::.,:: .. j ') <i'J: 

************************************************************************ 
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ANNUAL OPERATING COSTS 
Job Name : D-0 SLJBCON 2/3 DESIGN SYS 
B0ilding Name : D-0 SLJBCONSlRUCl 2/3 (Complexl 
Site : ALJRORA,IL FERMI, User Defined 

Paq~, 2 
DE1tF· j l-1.6-·87 

6Ul.l7tl6'.':":'.. 0 
Scope of Analysis : Cooling and Heating Systems 

************************************************************************ 
C. COOLING PLANTS (ANNUAL CODLING PLANT OPERATING COST - Sl5,564) 

Does one plant serve perimeter and interior ~ <Y> 

>1. BLOCK PLANT : RECIPROCATING WATER COOLED 
Capacity @ 85 F entering water -
KW/Ton @ 85 F entering water = 
Is hydronic cooling used ? <Y> 
Is chilled water reset used ? <N> 
Is hot gas bypass used ? <N> 

230. 0 tons» 
0.8~· kL..i/ton 

ls condenser performance altitude adjusted ? <Y> 
Is there one compressor per condenser circuit ? <Y> 

Are compressors cycled ? <Y> 
Heat sink type : Open coolinq tower 

Minimum enterinq water temperature - 32 F 
Is a hydronic economizer used ~ {V} ; Economizer efficiency = 80 % 

************************************~*********************************** 
D. PUMPING SYSTEMS (ANNUAL PUMP OPERATING COST = $8.4151 

c~·':i. l led ~·-i'~ tei" 
H •.:., t ~".1 a. t c.· i'. 
c: CJ n d E·! n sf~· (.. V·.J ,;::\ t E·:· t' 

l:J I'" C)Ui ... , d ~·Ja t E'.• ;c· 

c:lT ., F 

.1.0 .oo 

() .. 1.)\) 

dT, F 

0 "oc 

() " () (~ () n () () 

: c:IF ~ ft. L•JCJ : 

() . ()() 
o.uo 
(:; n (1(:1 

(:1 .. C)() 

************************************************************************ 
E. NON-HVAC SYSTEMS tANNUAL NON-HVAC OPERATING COST $187,0751 

>.1.. NO~-HVPC ELECTRICAL ENERGY USE 
Liahtina kw: Occupied 
Mi~;;c.. kL! : Uc:•: u:::J.·i.E·ci .... 
Oth0r kw : Occu~ied 

(;b().\" kv,1~ Ur .. 1Dc::c::Ltuic:c'cl ..... 
0.0 kw; Unoc::c::upied -

"> ~.? .. [) f-·l L·\! ~:: \/ ~~~:; ·r F. 1-.,~ ( l .... J c:1 t. 1...1 -~~ i 1 .i. ~:·: i:·:·:~ d :i r··i t !·· 1 i ~:::. ~:::. ·~./ ~::. t. E:· rn } 

4U. l k ~'' 
::'.:2U. 0 kH 

0 .. 0 k~·J 

************************************************************************ 
F. FUEL.. CUf.~T~:: (GRAND TOlAL ANNUAL OPERATING COST = 

> l " F' E: t- i. D c:I }2. OTHER FUELS : 
ELECTRICAL Occupied : Uneic::cupied : 

Corn p t-E'·s ~:;D t ... 
Pe~:,ist.<::tnC:E? : 
I nc.iuc ti \/E 

() • \) ~.:I ~) 

Ci. c)~1() 

: l\le:\ t.Lt t"',:d Ga~:> 

:FuE·l Oil 
: F't·-opant:o• 
: F:0c•mD t.E? Heat i. n g 
: F:Pmc::i tE· Cool. i. n g 
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n/a $./ther .. :T: 

n/a $/U.S.qc:d 
rda $/lb 
n./a $/MBTU 
n/.::t $·/MBTLl 



COOLING PLANT COSTS 
Job Name : D-0 SUBCON 2/3 DESIGN SYS 
Pu i. 1 cl i ri Ci N-::1mi::; ~ D-·-C :::1.JE:COf· .. 1'.:::Th'UCT 2 / ~;. (Comp .1 E!:< ! 
Site Name : AURORA.IL FERMI, User Defined 

Bi.n : B.i.n B l c:. c: i:: C CJ u 1. :i. n g F' 1 i'~ n t 
Temp: Hours :Coil Load Ir: P'.! t 
( F) : ht-/y-1' : l''IBH f:::l.J :t;/ :-./ 1··-

D2,tt:~: 11-·-16--87 
bFT. i .. ::;, 1 Number-: 

------------------------ ----------0CCUP I ED PERIOD-----------------------
90 
8:'1 
80 
7:'1 
70 
65 
60 
55 
50 
45 
40 
-,- c: ._:, ... _, 

.l'.:i 
10 

(l 

5S:'. 4 
14~5.3 

237. -7 
270.6 
264.5 
255.0 
244.7 
2::.2. 1 
229. ~1 
237.6 

218.'..? 
174. :."1 

12:?.4 
7U.1 
46. 1. 
25.l 
12.7 
6" :::' 

2563. ~3 
2549.7 

2244.9 
1960.:'· 
1754.9 
1 :=1 ::.:.::;. 6 
1553.6 
1:i53.6 
.1.:'1:'.'i3.6 

1. ~j~53 .. 6 

16B.8 217.7 
160.3 476.0 
.150.0 
140 . .q. 
127.6 
107.:3; 
92.2 
78.1 
72.6 
6:'1.7 

47. F~ 
i:10. 3 

22. ti 

.-·, ~-. c:: .. :: .. .::. . '~' 
:?:;:·. 4 

1090.0 
1668. ·'l 
1 726. !':1 
1.4-19.0 
1.175.9 

95:'1.8 
842.5 
753.6 
667.7 

440 "(l 

294.0 
l"?(i .. ~! 

r::.: .... , / 
, . .! ..:::. • CJ 

::-;::8 • ...:1. 
14" :::;; 

-6 4.6 1553.6 22.3 5.1 
Tot.al Costs $12664.B : 
--------------------------------UNOCCUPIED PERIOD-----------------------

90 14.6 1018.6 63.3 46.2 
85 36.3 1007.9 55.3 100.3 
80 <y•C'.} ~=~; l 04f3 ·~··· 40 1-·\ :24::: c: . -· . C:> . ,.1 
...,. r..:: .-, .l r.-.: < EN~~: r..:: .. :···1 ... )" 

406 l / ~· .. ::. ,_I . '.wl . ... I · .. :- / . / . 
-/(> 3::_;!~7 c-:, b :3:F.~ .1. .-, .. 7 :'.'. L~t!7 ~ . . . . .::. / . ..::. 

6 c;; 463 ~::; ~i:?-/ 1::: l '7' 4 44f.3 
...,. 

·-.I . . ··-' . . I 
60 ~:, (:1 (.1 4 c:; r-,-7 t:: .l '+ ::~ 3~:11:.) s~ . ~41 .• ::. I . ...1 . . 
c; C;.; 4E::: 0 c:: .-,···7 e:: 9 c.:: '"i•··;,-1 -=!; ,_I · ... I . ._1 •• ::.. / . • .. .I . .. ! ..::. .. ::7 . ·-
50 LjL17 . 6 ~):?-i . i.::! ... ::: . 4 7· ~=.=! . :? 
4i:: 422 7 52/ 1::: -;r 4 -/ l 

.. 

··-· . . ~ .. I ... :1 . " 
() 

40 41. < 7 527 5 :::; 4 69 t::: ·-· . . . . ~· ..,. 
5 4 1 7 0 527 5 3 4 70 1 . ..;. . . . . 

3(> 4 1 7 4 527 c· < 4 70 ·-:-1 . . .. ) ·-· . . ..:.. 
25 395 2 527 5 -:r 4 66 4 . . • .. :. . 
20 336 9 527 c: < 4 ~it; 6 . . ... ·-·' . 
1 5 2 !'i'., 8 '.:127 c: .":!' 4 4-·-. c:; 

..... .L . . ~· ·-· . .-=: . ~I 
1 0 165 

...,. :=1:2'.7 c: -=!' 4 r-,-:r s· . I . ... . ..::. / . 
5 96 3 527 c:; < 4 l 6 

. .., . . ,_1 ·-· . . .. ::. 
0 50 . s:· ~.27 . 5 

..,. 

.,.) . 4. 8 . 6 
- t::: . .., 5 

..,. 
~127 5 -:r 4 4 -::-

~I ..::. . • .. :r . .. .:1 . . ··-' 
-6 2 l . 1 527 . 5 ~:;; . 4 ::::; . ~j 

To t<'.:'1. l Cos:, t ~; $ :-.·~~ F3 C./ '-7 ( -) . .. 
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BLOCK HEATING PLANT COSTS 
Job Name : D-0 SLJBCON 2/3 DESIGN SYS 
Buildinq Name : D-0 SLJBCONSTRUCT 2/3 (Complex) 
Site Name : AURORA, IL FERMI. User Defined 

Bin Bin Ccii 1 
Temp: Hours Load :output Input Cost 
(F) hr·/y1· MF:H : ME:H l·::l-·-J $/yv· 

Dc:d:.E! : 1.l-16-87 
SE~ i" i ,?, 1 t..,~ U iTI b €-? 1- : 

60.1. 17F:J6'2. 0 

No Auxiliary Plant Used 

----------------------------------OCCUPIED PERIGD-----------------------
90 25.8 0.0 o.o o.o o.o 
85 59.4 0.0 0.0 o.o 0.0 
80 

70 
65 
60 
::'15 
50 
45 
40 

.-··,r::: 

.. :: ...• .! 

..""\ ,··~ 

..;:.•._1 

l'.:1 
.1.0 

0 

--b 

l""i-:r·-y -y 
...;:. .... ) I • I 

270.6 
264.5 
2 ~55. () 
244.7 
232.1 
2:"~:9. 5 
'.?37. 6 

:;: 1. 8 . '.:? 
1. 7.1~ • ;::, 
1. :?~'.' ,, LI 
7h.l 
4f:.::" 1. 

l.. ' 
~--~ .... :. 
4.6 

To t<::..1 C:::c:::s t'.c:. 

0.0 
0.0 
o. 0 
o. 0 
0.0 
0.0 
0.0 
0.0 
(J. () 

() .. (:1 

() .. (} 

() .. () 

(:1 "() 

.. -.. ,··, 
'· .. ·' .. '· . .I 

() .. 0 

o.o 
0.0 
0.0 
(:1 .. () 

() . () 
0.0 
<) • C) 

0 .. 0 
0.0 

() . (: 

() .. () 

() . (:· 
u .. u 
() .. () 

() • C) 

<) .. () 

0. (l 
0.0 

0.0 
0.0 
(J. 0 
0.0 
0.0 

()" () 

()" C) 

o.u 

0. (! 

C)" () 

() .. (:1 

() . () 

o.o 
o. 0 
0. 0 
0.0 
(l • (l 

0.0 
0.0 
0.0 
(). () 

(). (; 

(111 () 

C•., C) 

0.0 
i:) .. () 

~) n () 

~tu. o 
--------------------------------UNOCCUPIED PERIOD---------·--------------

Co i::: 
C:) .._! 

7~. 
-· 
/ = •. ·' 

6~.'.', 

60 

'+0 
35 

.1 ~:, 

10 
t:: 
~I 

0 

--6 
Tot=:-tl 

:.:: l '.:.'," ;:; 

4--<t?. 6 

422.7 
413.7 
4.17.0 
41.7.4· 

=:~:12. F: 
.16'..~1. 7 
96.3 
:=r () .. '7 

.-; c:: ..,,. 

.a::.'-' • ·~'.1 

21 . .l 
LD""·t·:::. 

()" (i 

() " (. 

C)" (> 

() . () 
C•. ·:J 

0.0 

0.0 
{) .. c~ 
1:) " () 

() .. (; 
() .. (.1 

(>. (. 
() It () 

() " i..· 

() .. () 

() .. () 

(.} .-... 

C) • () 

0.0 
0 .C• 

0.0 
r:) ,, (.; 

()., (:; 

0.0 
o.c 
(). () 

(':i " () 

() . () 

0 .C• 

{) .. () 

.: .•. 0 
() .. () 

0.0 
0.0 
C) • () 

0.0 

i:) .. () 

()" () 

V-15 

() " () 

()., 0 
C) .. C) 

() .. C) 

c .. o 
t)" () 

0.0 

0 .. 0 
o.o 
0.0 
u.o 
o.o 
()" (:1 

0.0 

o.o 
0.0 
0.0 

~o.u 



FAN AND PUMP COSTS 
Job Name : D-0 SLJBCON 2/3 DESIGN SYS 
Building Name : D-0 SUBCONSTRUCT 2/3 (Complex) 
SitE;, fJ3mE·:· : AUHUR(i, IL. F.Ehi.'II, U;;;;(;:•1'· Dl·"fir·ic?.d 

Date, : .1.1-.1.6--E:7 
E;;p1r· i. di Num bE' t-: 

[-: .i. n : Bin Interior Fans All Pumps 
TE>mp: Hour·£,; Input Cc::i·:::;t I1···1pu.t. 
( F .! h t- / / t-· : f::: V! + / 0.,1 i- f::: V! 
----------------------------------OCCUPIED 

90 25.8 23.4 30.2 0.1 
85 
80 
7'.:.'1 
70 
6~5 

60 
55 

59.4 
1.4~'5.3 

237.7 
Zi'0.6 
264.5 
25~1. 0 
244.7 

so z:::.:2. 1 
4:.i :::?9. ~. 
40 23;7 "6 
:3 ~~. ~? ~~:; E: h ~-:' 

~:; () :·.? l t::: .. ::·~: 

2~· .174" :::. 
:20 i · .• ~~·: .. 4 
.1. ~1 ~.7E:., :.l 
lU 46 .. 1 

--b .q .• 6 

T o t '"'· 1 C::: c:• ·::• t. ~: 

23.4 
2:::::.4 

2::::;.4 
23.4 
23.4 
T'...4 
T;;;,l.J. 

23.4 
'..?':." 4 

.:2:::.. t:j 

2::::. 4 

2::•!;,4 
2:::;,,4 

69.6 
170.2 
27E:. 4 
:::17. 0 

298.7 
286.6 

::68. E.: 

279.4 
r,r:;; r::.; ; 
.• :: . .... 1, .. 1 ., C) 

204.4 
.l 'i ::'; " i~ 

C) J " ~-"' 

~" •. -:j ... 0 
'._?C/ • Lj. 

J 4. ') 

0.1 
0.1 
O. l 
0.1 
0. 1. 
0. 1. 
O.l 
0.1 
O.l 
(~II .1. 

0" .1 
O . .l 
() .. j 

0 .. l 

0 .1 
0. 1 
I)' .1 
() . . 1 

Cost Input Cost 
$/yr KW $/yr 

PEhIDD-----------------------
0. 2 19.2 24.8 
0.4 19.2 57.1 
1.0 19.2 139.6 
1.6 19.2 228.3 
.1. .8 
l.8 
1. 7 
1.6 

1. =· 
1. ~. 
1. 6 
1..b 

1 "2 
() .. 8 

0" ~::; 

0.2 
C .. 1 

0.0 

19.2 
19.2 
19.2 
19.2 
19.2 
19. :: 
19.2 

-{ , .. i .-·; 

..L 7 • ·'· 

1. 9 • ::: 

19.2 

l Cf.:·: 
19. '.? 
19. ;: 
1 ·•). ::.:' 

254.1 
24:'1.0 
235.1 
22:::::. (l 
22(). 5 
228.2 
22''? .1 

167.6 
ii.7.6 

44.3 
24.1 
.1.2.2 
6. 0 
4.4 

·-·-· ······-·Ui-lUCCi.j;• l LD F'FF;· :r UU·-- -- ---- - ·---··- ·-·- ··- ····· ·-· - ·----·--- -- --··-·-
S'U .14 .. 6 

(:, () ~.:::! () ,_) .. l\ 

~! ~.:! L4. E; :·.? " ~) 

40 41~:;. 7 

30 417 .. 4 
~·== -:•·r·;r.: r'i 
..:.:. \-' • •. :~ ·~T ,_! ..... ~. 

20 3::-fo. 9 
1 '"\ 2 :.·.'..::'.. 8 
10 165.7 

::1 <if->. 3 
0 50.9 

-·- ~5 :~ :=, • 3 
-···6 :·1.1 

TCJt:;,J CCJ'.::;t·::; 

.-··, ··:r .·'I 

.. ::.<• .. '·j· 

.···;-:r .· . .. :.:.. .. : ... '-·)· 

:,::~:; • Li 
2::':;,.4 

2::::, .. Lf 
:::~:~:; .. 4 
2~:; • 4 

2:?:,.4 
TS .. 4 
23 II Lj. 

·! ... : .. ·' 
.1 / " ) 

;;;;;···,. 
... ic:i::::::,. . .-·. 

c:: , ... , /l ··:·· 
• .. ' .. ::""·\·" • •• '1 

L"/'.'.':" l 
4f:=.:4. (:, 
4UH. 'j 
4HH.9 

3;94 .b 

~:'9b • .1. 
191l" 1 
11'.? .. H 

.-,,-; ,. 

..:'. 7 .. ~-=I 

~:·i/. 7 
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0"} 

!) • l 
•) - .".l 

u ... l 
•)" J. 
()" l 
0" l 
0.1 
0.1 
(l. l 
•) . 1 

0" 1 
0. 1. 
() " 1. 
0.1 
1:) .. .1. 
() .. .1. 

U.1 

()" '/ 

·-:i· •i 
"··'" ;., 

. · . · .. :." 

::? • fl 
---;. c~ . .:: .. " ~ ..... 

.·-·, J. 

..::. .. ('_") 

l.7 
1. • 1. 
0.6 
() . :::; 
() .. :2 
0 . .1. 

Ji.···:r···-:-· r::.: ::r: ._:• / " • .. l 

:t-=?. :2 
J•::,;- "2 
·I;··': ..... , 
J.. ··:r .. . 1::. 

-f .-· .. ····, 
.. I.- 7 n • .:: 

1c:. :? 

.1.. "/" .• ::. 

:i '7" ·::· 
l C:/. ::'. 

19.2 
19. :~ 
1.9.:~ 

19.2 
1. 9" 2 
1. n .-·, 

1.9.2 
j " .--, .i , . ...::. 

::~;4." C/ 
9~· •. 4 

~:;.q. ~:;' ~. 

44:•1 . .l 

<:1.:::::;). 0 

4Ub.1 
397. i.] 
400.b 
4C; l. (1 

379.b 

242.8 
1'.::.9.2 

92 n ::'1 
Ll·E3.9 

24. ::::. 



COOLING COIL LOADS 
Joh : D-Q SUBCON 2/3 DESIGN SYS 

I B~ilding : D-Q SUBCONSTRUCT 2/3 ~CoMplex) 
Zone : Block 
Perio& : All 
Date : 11-16-87 

I
I Site : AURORA, IL FERMI, User Defined 
40QQ...--------------------

!I. 3500: , I I I 13000+-i -----------------

! ~259~+-i ------------- I I I I 
! D ~ 
1 ,2000.i--i --
! J 
I i 

! H1500-i-o: --
! B ~ 
i H1000'1-1 

--

i J 
l i 
I 500...-: --

1 
0 ! t 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 

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 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 I I I I I I I I 
-25 -15 -5 5 15 25 35 45 55 65 75 85 95 

BIN TEMPERATURE, (F) 
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Zone : Block 
Pe~iod : All 
Date : 11-16-87 



COOLING PLANT OPERATING COSTS 
Joh : D-0 SUBCON 2/3 DESIGN SYS 
Building : D-0 SUBCONSTRUCT 2/3 (CoMplex) 
Site : AURORA, IL FERHI, User Defined 

Zone : Block 
Periiod : Al I 
Date : 11-16-87 

I 4000 J 

I C3500+--! ---------------------1 
0 i 
S3000-+----------------------i 
T i 
1,2500+--------------------r 
i $2000-1 ------------­
/ ~ 
Y1500.,___------------

l ,1000~1 ------------

1 f SOOT-~ --------
1 N 

I -~s -1s -5 s 1s 2s 35 · 45 sS 
I BIN TEMPERATURE, m 
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65 75 85 



Q,8Q 

Q, 70 
LQ.6Q 
0 
A0.5Q 
D 

I 1Q,4Q 

M0.3Q 
B 
H0.2Q 

I 0.10 
Q,QQ 

. 

. 

. 
I . 

i 
~ 
' 

' 

PRIMARY HEATING PLANT LOADS 
Joh : D-Q SUBCON 2/3 DESIGN SYS Zone : Block 
Building : D-Q SUBCONSTRUCT 2/3 (CoMplex) Pe~iod : All 
Site : AURORA, IL FERMI, Use~ Defined Date : 11-16-87 

I I I I I I I I I I I I I I I I I I I I I I 

-25 -15 -5 5 15 25 35 45 55 65 75 85 
BIN TEMPERATURE, (F) 
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I I 

I 

I 

I 

I 
! 

I 
95 i 

! 
I 
i 



FAN OPERATING COSTS j 

Joh : D-e SUBCON 2/3 DESIGN SYS Zone : Block 
1

1. 

B~ilding : D-Q SUBCONSTRUCT 2/3 ~CoMplex) Period : All 
Site : AURORA, IL FERMI, User Define& Date : 11-16-87 I 

c12ee-1 -----------------1 I 

I 
~1e5e 1 

~ i I 
IT 9QQ. ----..-.( . s , I 
, 1sei 1 

I I I I I I I I 

I I I I I I I I I 

I 

Is 600+--i ------

1 

I , 
y 450 ...... : -------

1 R 1 
I / 300-+--j ------ I I I I I I I I I I I 
' B , 
I I 150+-I; ----

1 N 1 
I QI 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 I I I 
: -25 -15 -5 5 15 25 35 . 45 55 
I BIN TEMPERATURE, (Fl 

65 75 85 

V-21 
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V-c.-2. 

FERMILAB D-0 EXPERIMENTAL FACILITY 

SUBCONSTRUCTION 2/3 - MCH, PLATFORM & SIDEBAY AREAS WITH DCHW SYSTEMS 
OPERATIONAL PERFORMANCE SIMULATION 

ALTERNATE COMPARISON SYSTEM NUMBER 1 
CENTRIFUGAL CHILLERS. CENTRAL STATION AHLJ'S, COMPUTER ROD~ CHW AC UNITS 

AND WATER COOLED ELECTRONIC RACKS 
WITH THESE ENERGY FEATURES: 

Lt-"'1f::E~ CDC!!. .. I NU l1·!~·1TFh: ,, L?"::i!<E l1JP1TEH FI 1.·r EF;:: , HYDh:U!·J Ir; F~;:Ei~ COU!. .. I NC; HF?'iT EXCHAl·...ff.3EH, 

HIGH EFFICIENCY MOTORS, INTEGRATED BlJILDING PRESSURIZATION CONTROLS. 
P1UTDM;'.:; .. i' Tc; 1;:11<.F l•J('1 TEF: F'Ut'iF' '.::; T ;·,c~ J l)h" I l.JT F( .. ;F:;:r: T CD E:\ITH{il...PY EC:C!!·~Dr·1 J z E~F;:. 

SUPPLY AIR COOLING TEMPERATURE RESET 

FERMJLAB CONSTRUCTION ENG!NE~RJN~ SERVICES 

V-22 



SYSTEM INPUT SUMMARY 
Job Name : D-0 SUBCON 2/3 ALT l SYS 
Buildinq Name : D-0 SLJBCDNSTRUCT 2/3 (Complex) 
Site : AURORA,IL FERMI, User Defined 

F'aqe 1 
D<:.1t!:? 11-16-87 

6011786::?.0 
Scope of Analysis : Coolinq and Heatinq Systems 

************************************************************************ 
A. AIR HANDLING SYSTEMS 

Pi1·-e pE;.;r-imi:-·tE•r-· and iritet-iDt-· ;:·01-1E· on s;: .. amE· s.upp1":r' far1 -::· <N> 
1. PERIMETER TERMINAL TYPE : CONSTANT VOLUME 

Supply fan type : Forward curved 
Supply fan total static pressure - 2.00 in. wg. 

Return fan type : Controlled pitch axial 
Return fan total static pressure = 1.00 in. wg. 

Design supply air= 36000 cfrn @ 55 F; Vent. air= 
Are cooling terminals used for heating ? <Y> 
Economizer type : Integrated, enthalpy controlled 
Is a ventilation reclaim device used ? <N> 

600 cfm 

Are ventilation air dampers closed for unoccupied periods ? <N> 

>2. INTERIOR TERMINAL TYPE : CONSTANT VOLUME 
Supply fan type : Forward curved 

Supply fan total static pressure 
A return fan is not used. 
Design supply air= (,J3E:4 c i: ff: '~~ c::, i.:::. 

An economi2er is not used. 

i::.:i.01 in. h!q. 

f::· • 
' 

Is a ventilation reclaim device used ~ <N> 
Are ventilation air dampers closed for unoccupied periods ? <N> 

************************************************************************ 
8. HEATING PLANTS 

Due·:;, c.•1 .. , e ~~· r-· i. n1:::1 r ..... .,.. he.·<::·: tin C! p I ,::tn t -::;;;:;;,· 1 .... \,..c· pt::• r-· .i int:· tf: ;.. E1f"I cl int E:· r"' .i. c::o r-· ·":7' < V} 
1 . BLOCK PLANT : ELECTRICAL RESISTANCE 

Is hydron1c heating used ~ <N> 

****************~******************************************************* 
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SYSTEM INPUT SUMMARY 
Job Name : D-0 BUBCDN 2/3 ALT 1 SYS 
Buildinq Name : D-0 SLIBCONSTRUCT 2/3 (Complex) 
Site : ALJRORA,IL FERMI. User Defined 

Da tt:1 

F'aqe 
11-16-87 

601.1.7862.0 
Scope of Analysis : Cooling and Heatinq Systems 

************************************************************************ 
C. COOLING PLANTS 

Does one plant serve perimeter and interior ? <Y> 

>1. BLOCK PLANT : CENTRIFUGAL WATER COOLED CHILLER 
Capacity @ 85 F entering water = 
KW/Ton @ 85 F entering water = 
Is hydronic cooling used ? <Y> 
Is chilled water reset used ? <N> 

230.0 tons 
0. 78 k~·J/ ton 

Is condenser performance altitude adjusted ? <Y> 
Heat sink type : Open cooling tower 

Minimum entering water temperature = 32 F 
Is a hydronic economizer used ? <Y> ; Economizer efficiency = 80 % 
Number of sequenced chillers= 2 

************************************************************************ 
D. PUMPING SYSTEMS 

Ch .i l 1 E:·d ~·Jet tt::• 1·· 

Hot wa tc·r· 
Con cl er·:~;;;.::. 1·-· ~·Jett:. E· 1 .... 

c:IT, F. 

10.UO 
() .. (:1() 

10.0U 

11)0. 00 
() " ()(:; 

c:IT. F 

0 .. 00 
<). (J() 

0.00 
C). t)() 

Ground water 0.00 0.00 0.00 0.00 

************************************************************************ 
E. NON-HVAC SYSTEMS 

:: 1. . t\Jm,J-·H!)(.:i[ EL.ECTf;: I [(:iL F!'·.IF!::c;\' 
Liqht~no kw: Dccupiod -
Misc. kw : Occup~ed = 

u~::;1 

() . () 

kH :: 
k ~·\! :; 

Ll n c:i c c Lt p i. t~:-:= cl -·· 
Unoc::cu.pic·d -·· 
!...!r·; C:)C: c: u i:::i :i. E·:d ·-· 

.. ?. DHVJ r::;yr::;Tf::1··1 (f··.lut utjl.i.::.c:·c:I .1i: t .. h:t~:: ·:::>\ .. ~:::tr::•m) 

****************************~******************************************* 

'·.·I 
.. ·· ..i. ... 

Com~".it-esso ,.­
F:;:es .is t.etn c e : 

Inductive 

( '=*'··/ k \•;!··,) 

(). C) ~:~Ci 

(). () ~~() 

0.050 

(·:t.-./kwh) 

o. o~::.o 
0. 0~50 

v-24 

>:~?. DTHE:h: FUEL::::; 

:Fuel Oil 
: F'1 .... op.:'\nE:> 
: Fit::!rnot.t:::· Hea tini:::.1 
:nemot.e Cooling 

n / ;::\ $/ ther·rn 
n/a $/U.S.gC<l 
n/a $/lb 
n/a $/MBTU 
n/a $/MBTU 



TOTAL BUILDING ENERGY SUMMARY 
Job Name : D-0 SUBCON 2/3 ALT 1 SYS 
Building Narne : D-0 SLJBCONBTRUCT 2/3 (Complex) 
Site : AURORA,IL FERMI, User Defined 

F'et-.i.Dd : {d 1 
?on(::? ; Bloc:.k 
E)E· r .. i. al Numbt::->t- : 

Date : 11-16-87 60117862.0 

*********************************************************************** 
HVAC ENERGY Annual 

Co::::t 
Component ($/yr) 

Electric (Dec) 21736 
Electric (Unocc) 16486 
Natural Gas 0 
Fuel Oil 0 
Propane 0 
Remote Heating 0 
Remote Cooling 0 

H'-/r~C Tota 1 

EnE~·t··qy or F:UE!l 

LJ;···1i ts; 
Con·:;umt:~d 

434726 h-Jh/yr 
329719 kwh/yr 

0 thet-ms/y1-
0 U.S. qc:d /\11·-

0 l b/\/f·-
0 MBTU/y1·-
0 MBTU/yt--

DOE mJF 
(1000 BTU) 

~·042826 

3824742 
0 
0 
0 
0 
0 

8867~·68 

DUE F: Ii:-· 
(1000 BTU) 

1483721 
1125331 

C) 

c 
0 
0 
0 

26090~.=.:~; 

E::: J E.~ c t r- i. c: ( CJ c c:: ) .1. l .1. ~_j (~,; ·:::·· :2 :·~·:·'. ::::, :1. c? ..:.i /~ k t~\1 h ,....- \/ r.. :~:·'. ~.:.:, f3 .::? () :j 4 ~5 ·7 (._\ .1. ~? l:~ :·:? ::::; 

Electric (Unocc) 75478 1509553 kwh/yr 17510814 5152104 

:::::::::::..:::::::::::::::::::·::···· 

..... , .-··, i:;.; ;•··,,····, -·;.· 

...:: ... :: ..... • •• ::.·':=· .: 

Tc.•t.:::<.1 / 

H \.) () C.: :;::; u rr1 in;,;, !"" "/ : 

l-·l'·.!t"1C Tot.:,, :I Cu·::::. t 

:-..::::::.:::::.::-::::::::-.:::=::=:::::::-.::: 

2.15 $/Sq.Ft./yr 
16.97 % of lotal Cost 
42.95 kwh/Sq.Ft./yr 

::::::::: :::::::: ::::: =::::.-:::::::::.:::::: 

Non-Electrical HVAC Enerqy 
16.97 % of Total Electrical Energy 
0.00 % of Total Enerav 

1 kwh 11600 BTU RUF= 3~12 BTU RIF 
1 thEern: n<::·t q.::!.<:;; ..... 1.UO()C·O DTU 1::;:i..JF E1ncl F;:IF 
1 U.S. gal oil - 136700 BTU RUF and RIF 
:.L Irnp., q\·=:t.1 Cj:i1 
l 1 b pr-op<:\ne 
F:UF 
RIF 
MF:H 
MBlU 

- 168000 BTU RUF and RIF 
- 21680 BTU RUF and RIF 
- Resource utilization factor (Source value) 
- Resource impact factor (Point of use value) 
-· .1000 BTU/ht" 
-· Million BTU 
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ANNUAL OPERATING COSTS 
Job Name : D-0 SLJBCON 2/3 ALT 1 SYS 
Building Name : D-0 SUBCONSTRLICT 2/3 (Complex) 
Site : AURORA,IL FERMI, User Defined 

Dc-1tE" 
Pc:~qe .1 

11--16-·87 
6C•117862. 0 

Scope of Analysis : Cooling and Heating Systems 

************************************************************************ 
A. AIR HANDLING SYSTEMS (ANNUAL FAN OPERATING COST = $10,320) 

Are perimeter and interior zone on same supply fan ? <N> 
>1. PERIMETER TERMINAL TYPE : CONSTANT VOLUME 

Supply fan type : Forward curved 
Supply fan total static pressure - 2.00 in. wg. 

Return fan type : Controlled pitch axial 
Return fan total static pressure - 1.00 in. wq. 

Design supply air= 36000 cfm @ 55 F; Vent. air= 600 cfm 
Are cooling terminals used for heating ? <Y> 
Economizer type : Integrated, enthalpy controlled 
Is a ventilation reclaim device used ? <N> 
Are ventilation air dampers closed for unoccupied periods ? <N> 

>2. INTERIOR TERMINAL TYPE : CONSTANT VOLUME 
Supply fan type : Forward curved 

Supply f.:~n t.c)ta:I ·"';t_,;;:1tic p~···E·~'i~"'-ut-E::· ·-· 0.0.1. i.n. vJq. 
A r···t:;itur···n far: .i.·;:. nt::it 1...t·:::,.ed .. 
Design supply air~ 61384 cfm @ 55 F; Vent. air= 
An economizer is not used. 
Js a ventilation reclaim device used ? <N> 

() ci'm 

Are ventilation air dampers closed for unoccupied periods ? <N> 

************************************************************************ 
B. HEATING PL?'.1l\JT~3 ((~d'·.JNUP1\... HFt::TJNC:l F'L.1'.-'iNT CWEF~:i~~,TIN(3 co~;T :'.::: $0) 

Does one primary heating plant serve perimeter 
> 1 . BLOCK PLANT ~ ELECTRICAL RESISTANCE 

Is hydronic heatinq used ? <N> 

.--. .··1..r··. 
:· •• •• T / 

*******************f**************************************************** 
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ANNUAL OPERATING COSTS 
Job Name ~ D-0 SUBCON 2/3 ALT 1 SYS 
Building Name : D-0 BUBCONBTRUCT 2/3 (Complex) 
f.:) 1. t t~ : P1 l..IF: or:;:(\ ~· J. L. F FF: r·'I I ., U 'o:i \:::· 1·- DF.; f in e d 
~3 c LJ 1:) E~:· c:1 f ?~ n .:::~ l >r .. ~=· .i. ::::. : C: c.1 C) 1 i r·: q .c;·1. r1 d ~·i .:-::·a t in('.! S "~./ ~~ t:. E'en-===~· 

.-; 

..::. 

.U -16-f37 
601.1786:2"0 

************************************************************************ 
(ANNUAL COOLING PLA~T OPERATING COST -

>1. BLOCK PLANT : CENTRIFUGAL WATER COOLED CHILLER 
Capacity @ 85 F entering water -
KW/Ton @ 85 F entering water = 
Is hydronic cooling used ? <Y> 
Is chilled water reset used ? <N> 

230.0 tons 
0.78 h-J/ton 

ls condenser performance altitude adjusted ? 

Heat sink type : Open cooling tower 
Minimum entering water temperature = 32 F 

.. · \~ · .. 
•· •• T / 

$18,31~.:.) 

Is a hydronic economizer used ? <Y> ; Economizer efficiency = 80 % 
Number of sequenced chillers = 2 

************************************************************************ 
D. PUMPING SYSTEMS 

F'E F: I i'IETER 11\!TEF.: I cm 
c:IT ., F c.i T , r=- : rJ P , ft 1·Jc.1 : 

Chi l J E:·d l•JE:<. t.F• i'. 
Hot H,:~ t.c· r·-

E. NON-HVAC SYSTEMS 
}!. NDN-HVAC ELECTRICAL 

l().(J(:: 

(). (j() 

()" (!() 

100.00 
() .. ()() 

u "()() 

() " (J () 

0 . ()() 

(ANNUAL NON-HVAC OPERATI0G C02T 
Fl\IFF:CY U:::;E 

~:5 ~:: ... i!. k v-.1 ~ L.ir1 c:ic: c: '·J !Ji i:· .. ~ c~ :::: 
:: CJ c c U. ;:::i .i. E·:·:· .:.:l ';::: ,~::. (:. (.' .. ::::. I:: !.'· . .! :~ LJ r .. 1 cJ c: c u. ~:) :i. t:::· c:i ···· 

[! t:. l· .. 1 f:~ r·· k t/·J ;; (Jc c: Li. r:: i (·:-::· ·:::! :::: (:, ,, () k 1. ... ~ ~ ! ... ; n ci c c ! . ..!. 1:::i :i. (-:-::- d .... 
>:? .. L·~-lL-'-J f:'.,\(~::~;·rL:t·:j ( !'··-~·::~. 1: Li t: .. "i J. i ~:·:~:-::·d 1 ri t· 1· ... .-.~. -::·· ::::.\/·:::; t E·:-:·ff1) 

•:'.'.. UTHFF;: r:uL1 .... ~: 

---------- :Fuel Oil 
[:CJ ff"I p 1r· E! '£~:.~:;:.Ci r· .. 0.050 :Propane 
i:;:t~~, .i. ·:::; t.2n c: €:~ : 0.050 :Remote Heating 
Inc!L1.ctive 0.050 :Remote Cooling 
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(). ()() 

() . ()() 
t). ()(; 

.. :: .. ,~: ... , (.; k v . .1 

U:··: .i t c::c.1<::,. t 

n / '°'' 'f:./ t he1-·:n 
n./2, $/U.S.qc.'l 
n/i:\ $/lb 
n/,::i. $/MBTU 
r: /a g-,/MBTU 



COOLING PLANT COSTS 
,} uL r-lE~1T:<:·:' :: U····U ::3t__IBCUI·~ 2 .i ·::: r:it ... T 1 ~:;'/::::; 

Bvjlc:l:ir-:c.1 !\JDmc:-:·; I>·C' ~::n:::;:ur-.J~:;ri::;:uc::T 2/:::; (ConipJ.t::'·:) 

E>.i. t':~ r··~E•.u1c·:7.· ~ f:1t.JRUF:r1, I!.... Fi:::r;:1··1 I. U:::,Pr··· DE:'f i. nE?c:i 

E:i r··, Bl c:ic k C:::nu l .i.r·:q i::· J .:?.f"• t 
Teirip: 1-lc)U.t~·~::. : C:~c)i] L.c;E\C! 
r ~::) : hr·/ y1·· r·1uH 

In pLt·t 

f<V..l 
----------------------------- ----OCCUPIED PERIOD-----------------------

90 

70 
6'.'5 
60 
55 
!'50 
4'.'5 
4-0 

l ~~· 
.1.0 

-·-6 

....,c: n 

.. ::. '-'.CJ 

59.4 
14!:'1.3 

270.6 
:2:64. 5 
2~55,, C) 

244.7 
::::32. l 

237.6 
r~, ··;1 ('°'\ t:: 
,,;'.. ·-> c:·, r· ~.I 

7H. J 
4b. :! 

1:2.7 
t_,. ::::: 
,., ... 
-;· • C• 

1. C:,'(°)() 11 ~I 

1 7!'54-. 9 
1 ~1~.'1:). b 

l ~=·'.:·3. 6 
l ~i :'1 ::;; • 6 

l :.'.•!'.'.·1:::;. f:·, 

l !'.:1::~; • (i 
.144.f.3 
l~:,7. 4 

.1.12.0 
102. :? 

4o;: "o! 
4·,:. ;:· 
4 J • ( . 
II·: /; 

r .. i·_I. ""·J 

;.J. J " .1 

4C·.<· 

LI·!:"·•+.:_:;; 
10!:"·2. 1 
163::?. 8 
1726.0 
l4E;o. 9 
l ~:.o:_::;. 4 
l l '.:1:). E~ 

.1.069. :::. 
l o::::o. 7 
10::·:1 .. ~3 

/h'.?" ·=;· 

···,1::: ,·-·, 
··.:-- • .. ) ,, ;· 
r: . . ; , .. ., 
····'··'· "-.:: 
.. .,_, -I 

.• :: C•" J. 

'::?" ,::j. 

'*· J 4 (/."? c::· .. .::. 
-- - -- ··- -- -·- ... _ -- ···· ···· ·-- ··- -··· ··-· ··-· ..... ····· ... - ···- · · ....... · ................. · · ............ i ... 11···.jCi C:C.: LJ F> I L:: L· F·t:=F~ I (JI)·····-------· -- --- .... ···- ·-- ·-· -·- ...... -.. ·-.. ····· ·-- ·-·-- -- -·· - -· --

; 1::. 
c'"·' 

.... t.:: 
.... , ··-' 
40 

1~· 

10 
5 
(l 

··-6 

j 4. (: 

.•.. .,., r::.: '"."· 

.. :: . ..! . ,_i " 

422.7 
413.7 
41.7.0 
Lll7.4 
-:r'i°"'! r:: .... 
._:.-: ·-' . ~::. 
~.36. 9 

16~.:.. 7 
96. ~; 

_.., C: -;r 
~:~ ••• .;! •••• :. 

'.21 "l 
Tctdl [:c.;~;:t·:;:c 

J0.1 '.!" C: 

t::)c•·/ .. ·=» 
J ::; l~i" '/ 

.. ":··,-··\ •\ 
C.:.'- .• ::::1" ..! 

r.·;.--.... ·:.- l:... 
,!.,;..:,.. ",_, 
c:; .... ., .. : .. 1:· 
· .• .f •• : .. . : .. • ... ! 

1:::.--':·": 1:. 
• .. !_,;: / " '·' 
1:.:: ..... , .. 7 1::: 
· ... 1 .• ::. / " • __ ! 

&;.; r", -7 t::: 
~.1..;:, j n , •. 1 

c::: ...... -r c:: 
.._1..::_ / n .._I 

i\. (' " 

-:~· l c: 
•, .. • . .>" 

..::. / .... _, 

·-::· -:: ·-' .. _: 

··:!· "'.!' 
"··' .. __ : 

'"=! -~ 
"-' n .,_: 

-~· ''":!' 
·-• n ·-·' 

"=!" ":'.· .... : .... _. 

-:!· ":; 
.__1 .. ... : 

-:-· "'.f' 
-..:1 II -~I 

.lj l ":.? 
•::i":i ,.9 

.··-, ..... , r··, -;.-

.. :: ... ::. ",:' .. · .. > 

1:: . ....... ,···, 
· .. .l .• ::c: .. " .. :: 

6E:.i .. t.~ 

(~') ~1 .. () 

b~::,. 4 

41 .. 8 
'..?7 • .'.!. 

H. <l 
4.2 
.. ,. c: 
_;. '· ,.,! 
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BLOCK HEATING PLANT COSTS 
Job Name : D-0 SUBCON 2/3 ALT 1 SYS 
Building Name : D-0 SLJBCONSTRUCT 2/3 (Complex) 
t: it f? t'~C:uT1 E' : r-1UROF=::P1 ., J L. FE F::M I , U~; E· t- DE· fined 

Da tt:·c· ; 1 .1 - 16-87 
~::;E~ r·· :ii:~. 1 r·~UtTI b<~? ~-·: 

601J7t36'.":::. 0 
------------------------------------------------------------------------
P1.r·: : Bin 
Te.rr,p: Hou1 .. -s : 

Coil 
l..o.::.<.d 

P r· i 1T1 0-1 :· v P 1 <:t n t. 
:uutput Input Cost 

(F): ht·/yr· MF:H : 1·,··:nH l<VJ $/yt•• 

No Auxiliary Plant Used 

----------------------------------OCCUPIED PERIOD-----------------------
90 
85 
80 
75 
70 
6'.'5 
60 
'.'.55 
50 
45 
40 
35 

1. (l 
c:: 
~' 

1:: 
-- '-! 

--6 

2~5. 8 
59.4 

14~5.3 

237.7 
270.6 
264. :'1 
255.0 
244.7 
232.1 
229.5 
237.6 
·1-:r,··-. t.:: 
...::. ·-> (;J, • ~ . .1 

2.18.:::~ 

.174.'.5 
122.Ll 

7b .. 1 
46. :\ 
2'.5. l 
1'.2. 7 

/._ .-·:· 
~ J 11 •• : •• 

4.b 

0.0 
o. 0 
(). <) 

o.o 
0.0 
0.0 
0.0 
0.0 
0. (l 
0.0 
0.0 
0.0 

0.0 
t.). () 

() "() 

() .. () 

t) .. () 

() " () 

(). 0 

0.0 
o.o 
o.o 
o. 0 
0.0 
0.0 
o.o 
0.0 
o.c 
0.0 
0.0 
(J" () 

(). (: 

() " () 

o"o 
() .. () 

o .. c 

0 .. 0 

o.o 
o. 0 
c.o 
o. 0 
(i. 0 
0.0 
0.0 
0.0 
(i. (i 

0.0 
() . () 
o.u 
0 .. 0 

0.0 
()a (:i 

1:: "0 
() " () 

0.0 

0.0 
0. (l 
o. 0 
0. (l 
0.0 
0. (l 
o.o 
0.0 
o. 0 
0.0 

(). (1 

() n () 

() .. () 

(i" 0 

u"u 

---------------------------------UNOCCUPIED PERIOD-----------------------

70 
... r.:: 
Ch' 

C::.i() 

4:', 
40 

~;(; 

20 
1 ::. 
10 

0 
c:: 

-~· 
--6 

14.b 

99. :~; 
21 ~::, . ='; 

4f.C:. U 

41:3. 7 
417.0 
417.4 
..,.r,c;: .-\ 
·~'.1[ ... .'. ~:. 

165.7 
96. 3 
'.:·O. 9 
25.3 
21. • 1. 

o .. u 

~) .. (J 

() " () 

()" () 

0 .. 0 

0.0 
0. 0 
0.0 
o.o 
0.0 
o.o 
o.o 
0.0 
o.o 
0. 0 
o.o 

() .. () 

() .. () 

(j. (:1 

(). (:1 

(J. (:1 

0.0 
() .. (J 

1:) .. () 

0.0 
(:1. () 

0.0 
(:1. (:1 

(). () 

0. (l 
o.o 
0.0 
o.o 
o.o 
0.0 
0. (l 
0.0 

() "() 

0.0 
t.) .. () 

C• .. () 
o.u 
n.o 

(j "() 
() 

() • 1:) 

(l. (l 

o. 0 

0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
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0 .. 0 
() .. () 

() II 1:) 

() • (:1 

0.0 

0.0 
o.o 
0. (l 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
<). (j 

0.0 
$.U.O 



FAN AND PUMP COSTS 
Job Name : D-0 SUBCON 2/3 ALT 1 SYS Dc:d:.e : ll--li:.-<37 

Set·· :i.2.l Number·: 
60.1..17f.36:2. 0 

Building Name : D-0 SUBCONSTRUCT 2/3 (Complex) 
Site Name ~ AURORA, IL FERMI, User Defined 

Bi.n 
Tt:!mp: 
( F) 

E: in 
Hout···:::. 
ht•·/·/t••• 

F' 1:'?. r· .i. rn c· t:. f:2· 1·­

I n put 
f:l•J 

F.::~n·c? Interior Fans All Pumps 
Cu·== t Input Cost Input Cost 

$/yr KW $/yr 
----------------------------------OCCUPIED PERIDD-----------------------

90 
8!'5 
80 
75 
70 
65 
60 
:::.s 
50 
45 
40 

.1 '.":. 
10 

r"lc: M 
. .::. .... 1. 0 

!:'.9. 4 
145.3 
237.7 
270.6 

255. <) 

244.7 

174. ~'1 
1:?2 .. Ll 

4b" .1 
:::: !'.:1. 1 

6.2 
/..j." b 

Teit.:::11 Co::,ts:, 

.-... i:: 
C:O · .• • 

f:.:i"; 

-,· c;: 
._: . ... ) 

25 

1 c;: 
• ~I 

1. 0 

0 
c::: 

-~-' 

--f:.:. 

::!;6" :~: 
C:J Ci -:~: 

4t~:2 r: () 

,q47. h 

<1 .~:'. ::::= " / 

413.7 
LJl7.0 
417.4 

336.9 
... -. c::: •• , .--i ..::. .... 1..:: .. 0 

16:'1. 7 
96.3 

r; r.: -:r 
.. :..'..·.-' • •• .:r 

;,-: 1 "l 

T~:.4 

23.4 
23.4 
TS.4 
TL 4 
'..?3. 4 
23.4 
23.4 
:2::::. 4 
23.4 
2::~;. 4 

..... ,-:•· /! 

.• ::...:• ,. '··1· 

;0:::~;" 4 
:::!;. 4 
2::\ .. 4 
·.: ::; . 4 

··· .. ··:i· 
~::. ·.-' .. ""·; 
.-.. , ··:'· n 
.• :: .. _:.. "·i· 

::~~ :.) " ii 
:::::::!:, 4 
:·:-:;:;" ,q 

.····,··::· .:I 
_,:_ .. _:" : .. : 

.-, -::o· ,•1 

..::. · .. :• .. "1· 

:::::~;" 4 
2:3" 4 
~:: :~~; • 1.1. 

2::~;. 4 
2~;. 4 
.···1 . ..,.. ~·! 

. .:~ • .. :. • '-f· 

~:?:')" 4 
2:~ "I.! 

::::.o. 2 
69.6 

1.70.2 
::7E.4 
::;11.0 
309.El 
.r"';r,r·; ·-r 
..:~ .. , CJ• I 

271..9 
26f:3. 8 
.·-; ·-> ...... , ·-:·· 
• .::. / C.:1 •.• .:1 

1·, ·I i::; 
7 .l . • ~·' 

iii ,. ... , .: .. .... , .. ·~ 

;;:: /I 

' ' " '"·t 

o. 1 
0.1 
(l. 1 
(i • 1 
(l. 1 
(l. 1 
0 • .1. 
c:. 1. 
0.1 
0. 1. 
0 .. 1. 
U.1 
0.1 
O.l 
0 .1 
1:). 1 

0. l 
0 .1 
0. l 
(J • l 
0. l 

0.2 21.9 28.2 
(l. 4 
1.0 
1. t:. 
1.8 
1.8 
1. 7 
1.6 
1. 5 
1. ::. 
1.6 
1 "t; 
1 . ~:. 

1 ":? 
C•,, 8 

() ,. .1. 
0.0 
0 "(.; 

21.9 
21.9 
21.9 
21.·=t 
21.9 
21.9 
21.9 
21.9 
21.9 
2.t.. 9 

21.9 
:::·1. '7' 

21 .. 9 
21.9 

:;:: :L • •:_:;-
2 l. 9 

6::'1. 0 
159.0 
26<). 2 
296.2 
289.5 
27'7'.1 
267 .E: 

260.\:• 
261..0 
2:~;5. 8 
191.0 
134.0 
85. ~I 
~J() • ~) 
.--, . ..,. c:: 
.a::./ • '-' 

13. '=? 
6.8 

$3664 .. B $20.8 $3424.1. 
-·---UNOCCUPIED PERIOD-----------------------
1 ")' • J C• " .1 (:; • l :::? .l .. C? 1 C'::· .. () 

·l :? • "':· 
1.lc':.:'! 

f:;;, ,.., ... 
· ... 1~·:;1+" c:::· 

4d4.6 

4E:lLi. C) 

2')6" l 
jC?LJ' .1 
·I ·I , .. i ,- .. , 
J. .. .L.,::. a C) 

c:;,-···, ,. 
._.1 ·7 .. C> 

.-V· .t:::( .. :p. : .. :. n :.·-, 
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0" :L 
0" .1 
0.1 
Ci,_! 

() " .1 

u" J 
(;" .1 

(.;,,, .1 

u. J. 
O.J 
('j " 1. 
() n J. 
0 .. .1 

u" l 
0. j 

O.l 
u" J 
0 .1 
.· .. •{ 

'·.·'" .. t 

(:1 .... ::: 

: •. :: • .:1 
··:o· ·l 
.:: ".1 

·-:· c:i .. · ... " ·····' 

:;::: • E: 

1 7 

.l • l 
() " f::, 
() .. 3 
0. ::-::: 
0" J 

21. q 

2 J ..• '-.:· 
21 . .:;:. 

.:? l "'7' 
:·:: j • ~? 

::;: 1. q 

.--, ·i ,·-, 

.• -: .. 1 .. 7 

21.9 

21.. s· 
21.9 
21.9 
21.9 
21.9 
~~1. 9 
.-··, 1 ,-·; 
.. : . .l . • 7 

.-·· 1 ,-, 

.• :: .. 1. " -.1 

.-·, .. ... ... 

.i:: .J ... -.:: 

1.0E:.7 

::)91. • 4 

~,Lj.7. 7 
f'.: ···-1.,. C'.: 
,_1 .. : .. / " ,_.1 

4~39. 9 

4~.t;; •. 4. 

36f3 .. 7· 

H3l .4 
1.0::'.1. 4 

c:: ;::: -·:· 
\ . .! · .. .! " / 

::::~;. J 
i1°. lb::;.:::. 



!I COOLIHG COIL LOADS 
I
i Joh : D-0 SUBCON 2/3 ALT 1 SYS 

I 
Building : D-0 SUBCONSTRUCT 2/3 (CoMplex) 
Site : AURORA, IL FERMI, User Defined 

I 4000 

2one : Block 
Period : All 
Date : 11-16-87 

I 3500.,...., -----------------
I I \ L3000 ,...._~ ---------------

! 0 ~ I I I I I A2500 ..... 1 
--------------

I I I I I j D 
I , 2000 
I 1 
I H1500.,...'. --
I B 1 
I H1000~.,... --
1 ' 

l 500.,....· --
! 
I 
I 

I 0.,...., -i---

11111111111111111111 
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 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 I I I I I I I I --------------------i -25 -15 -5 5 15 25 35 . 45 55 65 75 85 
I BIN TEMPERATURE, (F) 
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I 

COOLING PLANT INPUT POWER 
Joh : D-0 SUBCON 2/3 ALT 1 SYS 
B~ildin9 : D-0 SUBCONSTRUCT 2/3 ~CoMplex) 

Zone : Block 
Period : All 
Date : 11-16-87 Site : AURORA, IL FERMI, User Defined 

400-1 --------------------

350:.,._ ---------------------! 
IP 300+---------------------i 
0 
w 25QJ E I 

I IR 200~-i ----------------

1, 150+-1 --------------~ 
~ 
w 100+-------------

1 J 
I 50+----_..... ............ _...... ____ _ 

I -!s -15 -5 5 15 25 35 . 45 55 
BIN TEMPERATURE, (f) 

65 75 85 
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I I 

! 

95 I 

I 



COOLING PLANT OPERATING COSTS 
Job : D-0 SUBCON 2/3 ALT 1 SYS Zone : Block 
Building : D-0 SUBCONSTRUCT 2/3 (CoMplex) Pe~iod : All 
Site : AURORA, IL FERMI, Use~ Defined Date : 11-16-87 

4000~------------------

1 C3500~i -----------------~ 

I
. 0 ~ 

S3000+-; -----------------~ 
I T ~ 
, ,2500-i--i -----------------------i ! 
I 1 I ! 

I $2000 '. I i I 
1 I ~ I 
I, Y1500: 
R I 

I I I I l 11000-i---------~---
I I I I I 1 1 I 

~ I I I I I I I I I I 

I B j 

I I 500+-1 
--------

1 . 

1N 
! 0-+-, --,--..,...-,....---fl~! ~I~- I I 

-25 -15 -5 5 15 25 35 . 45 55 65 ?5 85 
BIN TEMPERATURE, (F) 
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PRIMARY HEATING PLANT LOADS 
Joh : D-0 SUBCOH 2/3 ALT 1 SYS Zone : Block 
Building : D-0 SUBCOHSTRUCT 2/3 (CoMplex) Period : All 
Site : AURORA, IL FERMI, Usef Defined Date : 11-16-87 0.80-1 _________________ ____, 

1 0.70-+--l --------------------1 
L0.6Qi..._1 ------------------1 
0 1 
A0.50.._: ---------------------1 
D 1 
,Q.4Q.;.-: ------------------------i 

I 

I ! 
I M0.30.;.-1 

-----------~------------i 1 

I B , I I 
! H0.20: I 
I ~ I I I e.ie J , , 

'11 e.~~J '-d I -5 5 15 25 I 35 I 45 I s5 I b5 I 15 I s5 ' ,J 11 .. 

BIN TEMPERATURE, (F) 
I I 
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FAH OPERATING COSTS 
Joh : D-Q SUBCON 2/3 ALT 1 SYS 

1 B~ilding : D-Q SUBCONSTRUCT 2/3 ~CoMplex) 
J Site : AURORA, IL FERMI, User Defined 

Zone : Block 
Period : Al I 
Date : 11-16-87 

I c1200, 
I 01050+-I -------------------~ 
I (\ I 

I ~ i 
1 T 900,.._: --------------] s 1 
I, 750+-, ---------
! ~ 

i 

I I 
! $ 600-+--1 

-------
I I I I I I I I 

I I I I I I I I I 

I 
--~, 

1 / ~ I 
( l 

! y 450 .... '. -------
I I I I I I I I I I I 

__ _,Ii 
i ; 
! I 
! I ! R 1 

I / 300~: ------
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 I I 

1 B 1 
i I 150-+--1 

----

1 N 
11 n......_ _ __.... ........ 

'1 I ! 

_ _,11 
! I 
i ! 
: ! 
i l 

---oi. I 

I : 
I ! 

\ ! 
f I 

! 
I -25 -15 -5 5 15 25 35 45 55 
I BIN TEMPERATURE, (F) 

65 75 85 95 I 
I 

I I 
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V-c.-3. 

FERMILAG D-0 EXPERIMENTAL FACILITY 

SL!E'C Dil'.:;TRUi TI c:r: > .. · :: ..... !1!CH ,, i.::1...:~:1Tr:::c;R:l"i E ~:::I DE::BC: y Ar:;:E:r:~=: l•J l TH DCHV.i f:;\'E~TEMS 

OFERAlIONAL PERFORMANCE SIMULATION 

ALTERNATE COMPARISON SYST~M NUMBER 2 
TYPICAL FY197~ DESIGN - BASIC SYSTEM 

r::E c I Ff.: UC(.~ T I I ! .:, CH I : .... L. E 1:;: ::: " c.: c. t·.: T F: f'.:: L.. ~:::: T (I T T : 'r·.J (': ···i LJ .· ~:; ., c:: Ut··1r::· u TE: F: F:CJD! i CHl•J P: c:: Ut-! I TE~ 
AND WATER COOLED ELECTRONIC RACKS 

VJ l THUl.J"T E t'.!FF:[;y F[(.:,TU!~:E.~:; ... r:·onr. ~'J(1TEf;: CClUL. I t .. Jc::; 

31 OCTOBER, 1987 
{::i :..._, (:, ~ .... \/ ~:::; ··1 ~ E:~ .. F' " r< ).:;: ~::; ·r LJ L. [l t.~) I c: ~··! 
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SYSTEM INPUT SUMMARY 
Job Name ~ D-0 SUBCON 2/3 FY1975 BYS 
E:u i 1 c] in ci i·Jatnf:? : D--0 S UPC::::::ll\!~:;Tr~:UCT 2 / ::~: ( Comp le;; ) 
SitP : AURORA, IL FERMI, User Defined 
~:; c Cj r.:.' E·::· c::1 ·f f:; n .::l 1 ·.,..1 ·::. i ~::;. : [: c! c:1 1 .i. r ·1 l.~J ~::i. r·: c! i-1 e ~:?~ 1::. i n ~] ~.; ·~,.; ~=- t:. \:? in ~; 

F'aqE? l 
Da tE! l l -16-t37 

60117862.0 

************************************************************************ 
A. AIR HANDLING SYSTEMS 

Are perimeter and interior zone on same supplv fan ? <N> 
>1. PERIMETER TERMINAL TYPE : CONSTANT VOLUME 

Supply fan type ~ Forward curved 
Supply fan total static pressure - 2.50 in. wg. 

Return fan type : Controlled pitch axial 
Return fan total static pressure - 1.25 in. wg. 

De~~i~-;in supply air=" :::"6000 cffn@ ::::.~==, F~ 'v'E·nt. c\it-=== 
Are cooling terminals used for heating ? <Y> 
An economizer is not used. 
Is a ventilation reclaim device used ? <N> 

600 cfm 

Are ventilation air dampers closed for unoccupied periods ? <N> 

~~ INTERIOR TERMINAL TYPE : CONSTANT VOLUME 
S lJ r-1 p 1 ·y- f E:t n t >l pc~~ : F. C) !·-· V·J E:·t ,.-· c! c: l. 1. t ... \ 1 E~ d 

Supply fan total static pressure - 0.01 in. wq. 
t·, t ... s-:· t. u. t ... r··, -f r:·:·t n i ·:~;. n c:' t t 1. ·~::. E:·:· d ., 
Dt:'~· j qr··: s::.u pr• 1 v El j t•• :::: c":) :.l ~:l;Hil c f m c: '.':'': ~-==.. r 0 C-f'1T 

An e~onomizer is ~ot used. 
Ts. <:=. vt::'.·ntj :i..:::ttjor··1 t···i:::·cl<'tim clc··· . ..-ic:t:: u•c;F·cl .··::· <t..t> 
(~ i·-c:· v er··1 ti. 1 c.t ti un .,;:,_ .i. 1··· c:i am r::ic· !'··:::. c:: 1 us:.E:·cJ "for· un c::;c cup .i .. (;::·d p(·?. I'"" :i. c:1 c:i ~:; '·:· < l'J > 

************************************************************************ 
B HEATING PLANTS 

Does one primary heating olant serve perimeter and interior ? <Y> 
1 . BLOCK PLANT : ELECTRICAL RESISTANCE 

I.:::; h·/cli'"·on:i.c: hF:,:~tir:q U':::E~d ···, ::i-..1> 

************************************************************************ 
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SYSTEM INPUT SUMMARY 
Job Name : D-0 SLJBCON 2/3 FY1975 SYS 
Euilclinq t·Jame: D·--U SUE:CUl·.i~:;-rr-:;:UCT '.?/3 (ComplE•;;) 
Site : AURURA,IL FERMI. User Defined 

... .. ::. 
11-16--87 

60117862.0 
Scope of An2lysis : Coolinq and Healing Systems 

************************************************************************ 
C. CODLING PLANTS 

Does one plant serve perimeter and interior ? <Y> 

>1. BLOCK PLANT : RECIPROCATING WATER COOLED 
Capacity @ 85 F entering water = 
KW/Ton @ 85 F entering water = 
Is hydronic cooling used ? <Y> 
Is chilled water reset used ? <N> 
Is hot gas bypass used ? <N> 

TSO .0 tons 
1. 00 h'"I/ ton 

Is condenser performance altitude adjusted ? <N> 
Is there one compressor per condenser circuit ? <Y> 

Are compressors cycled ? <N> 
Heat sink type : Closed circuit cooling tower 

Minimum entering water temperature = 40 F 
Is a hydronic economizer used ? <N> 

************************************************************************ 
D. PUMPING SYSTEMS 

: Svs teiT: 

[:hi 11 E·d \•,!c""'- tc·v­
H Ci t v-J .:;, t. (;c· r--
C c:; n c:! r.-:· 1-·, s.: e· r-- \'i C:\ t E·: i"" 

c:IT. r:· 

l () " (~ () 

: elf~:·. ft. V-!q : 

(; II ()() 

120.00 
0.00 

dT, F 

0. 0() 
0.00 

INTER I cm 
: dP, ft. vJC]: 

(). ()<) 

0.00 

(J • ()() 

***********************i*~********************************************** 
E. NON-HVAC SYSTEMS 
> 1 • NLJ!J--HVtiC Ft.r:cTr;: I C1\L E!•~Eh:Ci\' u~:r 

Liahtinq kw: Occupied -
t1 i <:::.c • k H : De: c: u i:: .. :i. tc:·d :::: 
Other kw : Occupied ~ 

53.4 kw; Unoccuoied -
660.0 kw: Unoccupied -

0.0 kw= Unoccupied -
'.?~::O. C• k •·J 

u" 0 k•·J 
>2. DHVJ ~:·.y·f:~;Tf::i·I ihlut. ut:.Ll.·.i:<::E7·cl i.r: thic:: ·::::·ys.tE:oir.) 

*************i********************************************************** 
F". FUEL CUbT;"::; 

> .1. .. 
ELECTR I CP1L. 
ENEF:GY W3E 

Compr-essur·· 
Resistance : 
Induc:ti.vr-:? 

Fe1· .i .. oci 
Occupied : Unoccupied : 

( $ / k •·J i···, ) ( $ / k V-J h ) 

() • (:1 ~5 () 
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>2. OTHER FUELS : 

: Ni~ tu.r-a 1 Gas 
: r.:·ut::· 1 Di.1 
: Pr-c;p,::,nc:2 
: F:E·mc::i tc::· Hee:\ tin~~ 
:F~:pmc:;tc-" Coc;linq 

U1--1:i.t Cost 

n/a $/ther··m 
n/a $/U.S.qc:d 
n/a $/lb 
n/ a $-/MBTU 
n/a $/MBTLJ 



TOTAL BUILDING ENERGY SUMMARY 
Job Name : D-0 BLIBCON 2/3 FY197S SYS F·c· t- i. ocl : A 1 l 

ZorH.? : E: 1 oc k E:t_\ :i. I cj :i. n: j Nii': C: c~ : D···-0 ~::L .. !E:'.:.'.1J:·1::: ri::::ucT 2 / ~:~ (Comp l (::> ;~ ) 

:::: j t t:· :: f::1uF::: Df::: (; , I l... Fi::r:;:1··1i :r • l..ls:c· r D(::· "fin r:.-•d S E• r--· :l .::·:~ J t··.~ LJ ff1 b E·:~ ;··· 

L1::\t''c' : J .1 ·--l6--d7 

Cost Units DOE RUF DOE RIF 
Component ($ 1 yr) Consumed (1000 BTU) (1000 BTU) 

E 1 ec:: tr·· i c (Dec ) 
Electric (Unocc) 
Na tur··a 1 Gas 
Fuel Oil 
F'1·-op2.ne 
Remot.E· H€~<:-1tinq 

Remc:i tf~ Coo 1 i r·i q 

EJ\:·?ctr-·ic:: (Uc:c) 
Electric CUnocc) 

Nc:111 ··-H 1./(1C T ·::• t :::,_ J 

-;:-:··\ .. 7•""""1-7 
. ...:1.1::. / . .:.:.. I 

0 
0 
0 

0 

6:'54'.'5~.::.1 k~"ih/yr 

60130:::: k~·Jh/yr·· 

0 the1--m~;/yr· 

0 U.S. gc-il/y~-

0 lb/·71 r-
O t··iBTU/yr· 
0 l"IBTU/yr-

7592563 
697:=,101 

0 
0 
(l 

0 

2233915 
2052243 

(:1 

42861 :=1f3 

~:,J52104 

======~========~ ====~=== 

Grand Total 249266 5796902~ 17055886 
Tc' t.::;..1./ '.::.:q,, r:: t" 

1~·l 1··./ r.:1 [: E.; L.l rn ri' .t:':"l r- \/ :: 
H')P:C Tot . .:< J C:ei~: t 

:! t..i " F ,, ;: :: ;·:, } u :.! J 
l ffi p " c:j ,:·,·, 1 () j ] 

.l 1 b pt-c:ipc~nt:·:-• 

f;:l.JF 
F;: IF 
MPH 
MBTU 

25.13 % of Total Cos~ 

kv-.,h/:':Cci,. Ft .•. .//~·· 
- 25.13 ~ of lot2l Electrical Enerqy 

= l160C BTU RUF= 3412 DTLJ RI~ 

:!. :~::H )' C' ;, L· Tl i h'i. .!F. ,., r··, c! !::;.: J ;:::· 
·t ::".-_) .::::~ ·:· :i () (:; [ { r LJ F;~ l. Ii:::· :::~. r .. ; ~:~ F~ I i::,. 

- 216HO GTLJ RUF and RIF 
- Resource utilization factor (Source value) 
- Resource imp~ct factor (Point of use value) 
··- l 000 BTU/ ht· 
-··· Mi 1 1 .1 on HT U 
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ANNUAL OPERATING COSTS 
Job Nam0 : D-0 BUBCON 2/3 FY19/5 SYS F·aqE:· 1 
Bu:i. l. cl i r·1c:1 l\ic-t:-'•c:'· : D····O ~::;i..JH•:::::Dl'~F;TR:UCT 2/~::; ( CoiT:f::• 1 .-:::~; ":; 
Site : AURDRA,IL FERMI, User Defined 60.1.1.7f.-362. 0 
'.=3c D pc.· c.· -i r:.;1 ·, "'' 1 \/·::. i. ·::. : Coe l .".\ n q .:''ti: d Hc:·,:1t1 r-1 C! E /'='· t. e· >r:~s 

****************************************************************~******* 
A. AIR HANDLING SYSTEMS (ANNUAL FAN OPERATING COST : $12,8851 

( 01i' .. i=.• per···.i.1ni2tE·r- ,:!.nd :i.r··1t\·:=.·1···:ic•1 .. - z.un.:~ c;r-1 ~5d:T1i·:~ ·::::1..<pr.:;l\• fc.~n ··::- <r~> 

>1. PERIMETER TERMINAL TYPE : CONSTANT VOLUME 
Supply fan type : Forward curved 

Supply fan total static pressure - 2.50 in. wg. 
Return fan type : Controlled pitch axial 

F~etun·1 fan tot.::tl s.tc:1t.ic pr-e~:;s:.ur .. E· = 1.2::", in. vJg. 
Design supply air= 36000 cfm @ 55 F; Vent. air= 
Are cooling terminals used for heating ? <Y> 
An economizer is not used. 
ls a ventilation reclaim device used ? <N> 

600 cfm 

Are ventilation air dampers closed for unoccupied periods ? <N> 

)2 INTERIOR TERMINAL TYPE : CONSTANT VOLUME 
~:; u r:1 r::· 1 ·~/ f .-=·£1. n t \" r·:· c-::, ~ F .. c::i :··· ~ .. J .:::~ 1···· d c: L.t r··· \/ c~ j 

Hu pr::· l ·:1 ·fen tu tc.:. J ·o;; t.::,-.. t :.i. c p 1'"c-.•o::.~:::.• .. t 1'"c"' 
i:"::; ~·-· ~-:-::· 'L t.; r· i ·i f ~·:·.~ :· ! i -:~; ri c.1 t.. tJ ·::; c:-::· d ,, 
IJ F~ ~:::. 5. (_:_:! n ·::::. i.J ~:.1 1 . .:i 1 ·--~-· ~:1 .• i r ::··. C:) .l ~~; ~:::: .q. c: f n: (~'. ~-·! ~:~ F:- ~ 1.._,,10:-~ r .. 1 t:. • C:\ i 1--· ::::: () c: ·f rn 

P: n f:·· c.: Cj r·1 (] rn .i :.::-: t-:::.· i ··· .i ·:;:. n Cr t. Lt·:~:.(:·:·:· ct .. 

i:·.1 ~··· i:.~? \/ (7.' f'l t:. i. ]. E:!. t.· . .i. CJ r·i .:':~ .. -.i.. r·· cJ EA i'Tl p !'.:-'.·· !·rn ·;:;:. C } C) ·;::;. c:~ j 1:: C:.1 l'.. i...i. 1' .. 1 C) C:: C i.Hl p .i. F.• cJ p !'.=.~ j·- i C1 d ·;::;. .. ? < t~ > 
******f***************************************************************** 
F " HF,.::: TI /\JC3 F'I... (i I.! T ·:~ ( (\t.J!~!. .!('1!.... H[(:: T I l\if:J Fl._ (:1!.lT UF·i::::17.:(1 TI r\iG C();3T :c' $0) 

I)c.1E·~:::. c~r··!r.;.-_r pr· j n·1\'.·:r.r"···/ t·it:·:·.::-tt . .i.r-·!~:.i r.:11.::\r"t ~::.!::·?v··\.··c:-:= ~::ic:·r .i.:Tit:.:,tE:,r· Ctr·1d ir .. ~tt:'J" ic:ir· ~· <'-{> 
> J " [:L.ClC!< F'!.. r:':l·IT EL ... i~ ::ri: f (:(;! ... !i[~:; I ~:;Ti·;:·.jC:[: 

Is hvdr~nic h2atinq useci .··+·./· .. 
· .. I\! .. 
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ANNUAL OPERATING COSTS 
Job Name : D-0 SLJBCON 213 FY1975 SYS 
Building Name : D-0 SUBCONSTRUCT 2/3 (Complex) 
Site : AURORA.IL FERMI, User Defined 

·• .1::. 

Dc:-1tc· 11-16-B? 
b1:.•1J786:·,~. 0 

Scope cf Analysis : Cooling and Heating Systems 

************************************************************************ 
C. COOLING PLANTS (ANNUAL COOLING PLANT OPERATING COST - $36,650) 

Does one plant serve perimeter and interior ? <Y> 

>1. BLOCK PLANT : RECIPROCATING WATER COOLED 
Capacity @ 85 F entering water - 230.0 tons 
KW/Ton @ 85 F entering water = 1.00 kw/ton 
Is hydronic cooling used ? <Y> 
Is chilled water reset used ? <N> 
Is hot gas bypass used ? <N> 
Is condenser performance altitude adjusted ? <N> 
Is there one compressor per condenser circuit ? <Y> 

Are compressors cycled ? <N> 
Heat sink type : Closed circuit coolinq tower 

Minimum entering water temperature = 40 F 
Is a hydronic economizer used ? <N> 

************************************************************************ 
D. PUMPING SYSTEMS (ANNUAL PUMP OPERATING COST = 513,257) 

: sv·~.tern 

Chi 11 E'd 1•Jct tE·1 

Hot 1..ia t:.t.~ r· 
Con cl E' r1 s;. E· 1·-· 1-J .::t t t.'2· 1· 

G1·-ound i-JC\ tE·r·-

PERIMETEH 
dT, F 

J(). 00 
CJ.OU 

(:i" ()() 

: clP, ft 1..iq : 

:t.:~:O. 00 
(J .. ()<) 

1 ::? (:1 • (:1 () 

()" ()() 

c:IT, F 

C). C~() 

(J. ()(~ 

() • () (! 

0.00 

0.00 
0.00 
1:). ()() 

(). (.i() 

************************************************************************ 
E. NON-HVAC SYSTEMS (ANNUAL NON-HVAC OPERATING coaT -

>l. NON-HVAC ELECTRICAL ENERGY USE 
Liqhting kw: Occupied - 53.4 kw: Unoccupied - 48.1 kw 
t1.1<:;c. k1·1 : Uccupi.E~c:I :::: 6bC•. 0 kv.1 < Unocc::upi.E:·d · .,-, • (1 ki·J 
Other kw : Occupied : 0.0 kw; Unoccupied 0.0 kw 

>:::. DHL•J t;:;·/E:~TEM (Nc:d:. util.i.;::ec:I .i1·1 th.i.:.;. ~:.v·:::.te:>n1) 

************************************************************************ 
F. FUEL COSTS (GRAND TOTAL ANNUAL OPERATING COST = $249.866) 

}1. Period >2. OTHER FUELS : 
ELECTRICAL : Occupied : Unoccupied : 
ENERG'{ UEE: ($n:~·ih) (~/kwh) 

Compt-essor· 
F~:esistance : 
Induct.i...,1E· 

0. 0~50 
0.050 
0.0~50 

(). ()~1() 

0.050 

: l··~a tL.t 1·-31 Gc:i. s 
lFw?l Oil 
: Pt-opane· 
: r;:E~mo t.P Hi-:~,~ .. tin q 
: F~E·mot.t::· Cool inq 
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Unit Cost 

n/a $/therm 
n/a $/U.S.qal 
n/a $/lb 
n/a $iMBTU 
n/a $/MBTU 



COOLING PLANT COSTS 
Job Na~e : D-0 BUBCON 2/3 FY1975 SYS 
Building Name : D-0 SUBCONSTRUCT 2/3 (Complex) 
Site Name : AURORA~IL FERMI, Use~ Defined 

TE·mp: !-·!eou;--·<::: 
(F'): hr-/\ii'" 

,-, , ..••.... ! . x::, J. t..1 t.. 1·:. 

: Cc:).i 1 L.i:::iE1d 

ML:H 

CccJi.nq F'l-::1nt 
In1:::.;1.t CCJs.t 

f::: l•J ·$. / \i 1·-

Do:1'LE' : 1l-16-H7 
f',E:' t·· i. a J f-.lum hE' t" : 

- - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - 0 CCU Pl ED PERIOD-----------------------

8~5 

('30 
75 
7() 

6 '._", 
60 

'j() 

4c::, 

4(l 

30 

10 

(t 
c.: 

·- ...... 1 

...... 1:-: 
CJ ... : 

./ i •• J I 

~:.:i::! 
.. ·11::; 
, .. , .... J 

3CJ 

10 
5 
0 

--6 

25.8 
:::'9. 4 

14:i. 3 
237". 7 
270.6 
264. ::-. 
2~1~5. <) 

:?44. 7 
232.1 

:2lr:l. ::.: 
17 ::1. : .• 

7b .. .1 
J..l,l," l 
:? ~",. l 

12" 7 
b" :::' 

. _ _., ·. , / " c::, 

4~?'.,,::. / 

41:::;. 7 
417.U 
4.17. ''.!. 

lt..~ .. " 7 
96. :::; 

'.?L. J. 

'.?'.'Hb. 7 
2:'·04. 2 
'.?491. 9 
24f.30. 0 
246(). 0 

:;;:.::14 :;: '1 
24::~,(:;" :.:: 

::~' -:'.! l ,q " ::::; 
240::::.::::, 
::?:::")::?" 4 
:::::::::,f'i :! . ,q 

.1 (. i :.! 7" .i 
J ()(.) :·:·:.: " ,.:1. 

C.•C.•t:, 

1"·1r.::··;r _.· .. 
·7 '\...1 ... : •. '·.' 

,. .. , /1.'··, . 
-."f'··t· .. ::." ... :• 

92.l. C• 
9 l (:;. ::~; 

[: :;·.:?" f::, 

E{t?'7'" Cl 

Uc:.'/. b 

l CJU. 9 
l '7\ () .. :~=. 

174. 9 
16?.7 
160.8 
l !'50. 1 
l4U. '.? 

l'.?~'" '..? 
l l·l .. l 
lUb.4 

279.7 
616.8 

14L1A. 8 

:2468. 9 
2::::;13.0 
21::::.s.s 
1ci'66 .·9 
l7tH. 4 
1b0t3. 3 

r .... . --, r· ·, ,-
7 ..::. c. c 

~:,,:, J "~:; 

l O::•f.j' (-, 

:1.UJ .. 2 

.1 EJ, 4 

--LJN~CCUPIED PERIOD-----------------------

.., 
,... ··•: " ... 
... i::; ... : 

C:; .. 1 n / 

.::.,c. 

/I 
, .. ···•'" "T 

r.: . r.:· 
, . .!'· .. '" '·' 

4J ... b 

-:···t c.-: 
... :1 .A. II ,_! 

.-·,c .. , ,···, 

... ::.7 DC) 

........ :.::.' ·.··. 

j /f '.J" '? 
::;;c4. l! 

·i ·l ';.'/i .·•·. 

...\. -'·· ·' '· l· n .:..:. 

·l ,.-,·--;-:·:· .. 
. ;, ···1· .. ~·C.· t: _,:: 

·l •i ..... ,,. ... , I 
.. : .. J. . .•. : . .. } " '· 
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BLOCK HEATING PLANT C03TS 

Buildinq Name : D-0 SUBCONSTRUCT 2/3 (Complex\ 
SitP Name : AURORA,IL FERMI, Use~ Defined 

B5r1 Bin 
T(-:"'mp: Huu1···::;; : 
r i= ·, h1··/yr· : 

Coil 
L.C)i:~.d 

ME:H 

F' t"" :i. iH .=.:1 , .. "/ 

:ou.tpdt Input 
: MHH l<VJ 

F' 1 ai·1 t: 
Cu~'t 
~:. / "y' ~-· 

Do:1tE·; ll-··16--E\7 
~::Je1· .i. ;;:, ] f·iU1T1bt':'t'" ~ 

t.• () J j ·::.:· E:~ :::·:~ :·::·:'. • C• 

p 1 ant u~:.ed 

----------------------------------OCCUPIED PERIOD-----------------------
90 
85 
80 
7::_:, 

t::.:c-.: 
._f ,_1 

~,() 

45 
40 

() 

-·-6 

25.8 
::;:,9. 4. 

14~·.3 

237.7 
:::70. 6 
264.5 

244.7 
232.l 
229.5 
2~:;7. f:.:, 

174" '.':'i 

1'.?2" :1 

1~::. 7 
6 .. ? 
4. 6 

Tct:.::~l C::u;:;t·::-; 

0.0 
o.o 

0.0 
0.0 
0.0 
0.0 
0.0 
(). () 

0.0 
0.0 
() . () 

() " () 

() .. () 

(:i. () 

0.0 
o.o 
(.1" () 

o.o 
c). C• 
o.o 
0.0 
0.0 
0.0 
(). () 

(). () 

() " () 

()" <) 

() " (:1 

u. (; 

o.o 
0.0 
0.0 
o.o 
o.o 
C) • (; 

0.0 
0.0 
0.0 
o.o 
cf II() 

(i .. () 

() " () 

o .. u 

o.o 
o.o 
o.o 
o.o 
(). () 

o.o 
0. 0 
o.o 
o.o 
0.0 

: .. () 

u.o 

----------------------------- ·--UNOCCUPIED PERIOD-------· ---------------

-.,·1::: 
/ ,_1 

40 

.. ~\ c: 
,,:: .... ..I 

1 ~. 
.1.0 

5 
0 

-6 

14. f.) 

~!(~() • • q. 

4/J.7.6 
,q :2 ::: • ) 
41~5.7 

4.17.0 
4.17.4 

165.7 
96. ~:; 
:=.o. 9 

21.l 
Tot.::;J Co;;:,t·:: 

() .. (~ 

u. · .. 
C•,, U 
() " () 

(). () 

C) .. () 

0.0 
o.o 
o.o 
o. 0 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
(). (J 

u" (· 
c.1 ,, c·~ 

C• .. C• 

(.i .. () 

o .. o 

•:) " (; 

0.0 
(). <) 

o.o 
C•. (J 

<) .. () 

(:1. () 

() n () 

o.o 

0.0 
1:) " () 

0. (" 

() .. () 

() II () 

0 .. 0 
0.0 
0.0 

0.0 
0.0 
o.r) 

(! "0 
(J. (:1 

() .. () 
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.. ··~ .... ~ 
\,) " '· .. ·' 

(1. 0 
() .. () 

0.0 

() " () 

(:1 .. (:1 

t.) II (1 

o.o 
1,) .. () 

(J II(: 

0.0 
0. (; 
C1. () 
o.o 
0 .. 0 
0.0 
0.0 



FAN AND PUMP COSTS 
Job Na~e : D-0 SUBCON 2/3 FY1975 SYS 
E:1..1 . .i. ld.i.nCJ r·.J,::\mt:.'' ~ D·-0 C;i . .JF:;:::c:ir..1~;:T:::::L.IC:T 2.'5 ( C::eirnplc~::<) 
Bite Name : AURORA.IL FERMI, User Defined 

B .i.r-: : 
Tt:'>mp: 
( F) 

Eli r·; 
Huu1···~: 

h1····_/\/f·-

F' (~, r·· i. 1T1 ::~ t ;:::• ,.- F ;:~. n ~; I n t Ee' r·- :i. u t··· Fan ·::: .. 
I r··: p u. t C:: C:• ::. t. Inr:iut C;c:i~::t 

r<l}J ·:t;/· ·y .. 1--· f::t,.J $/v·r·· 

Dc:4.t.E' ; 11-16-E37 
SE•1·-·i.<::i. J. Nurnbet-·: 

A 11 
Input 
~Jij 

Pumps 
Cos.t 
$ / ... ,... t-

--------OCCUPIED PERIOD-----------------------
90 
s:=. 
80 
-.,. c: 
I ~• 

70 
6::1 
60 
5~5 

50 
45 
40 
-:·· r.:: . .:.•._\ 

l :.'1 
.1.U 

--/::_) 

c_~· (? 

25.8 

145.3 

270.6 
264. ~i 
2~1~1. () 
244.7 
232.1 

:~'37. 6 
::::::::::E' • '..~! 

.1. 7 1:1. '.'.:'· 
122. 4 

7H,, :.\. 
.. q.t:," J 
.-··,E:.: ·i 
• .::. • ••• 1 " •• ~ 

.1.2.7 

4 .. 6 

•. .:1(:."; .... ·· 

4'.:.·, 422.} 
40 ·1.1. ~:::. ! 1 

3~, .l~.1-7"() 

::::;o 417.4 
2:=:. 395" :? 
'.;;~(l 3:::;;t;) •Ci' 

10 16'.5. 7 

c: .-, C:: -;r 
- .. ,.! ....:.: . .._I•· .. '.: 

--6 '.21 . l 
Tut.:,;,l Cc·c:>t.~:: 

~29. 3 
29.:::: 

29. ::; 

29. ~::. 

29. ~::; 
29. ~::; 
29. ~::; 
.· .. ;;-, . ..,. 
.. :~ -.r n .•. > 

,"') ,· ··:·· 
n .,_:, 

···.'. ·::~· . ~ 

,'""•t::·· .... 

.-~, ,····, .. ::.·-.:. · .. · 

.,::. , •• •. '1 

:···,:···, ··;r­.. ::. ··; ,, · .. 

11 •• ' n .", 

37. 8 0.1 0? 30.3 39.0 
87.0 O.l 0.4 30.3 89.9 

2.1~.2.8 

348.0 

:::::87 .3 
:::7:::::.4 

3:::;;9,8 
3::,6. 0 
~:~,,q 7" 9 
~:~; 4 :::' ' '..? 

:11.4.4 

lH.6 
CJ'• J 
('.:,.} 

~: .::1. ~:.! t::'. .1 •. () 

0.1 
o. l 
O.l 
0 . .1 
0 . .t 
0.1. 
o . .1. 
0.1. 
0 . .1.. 

O"l 
O.l 
O.J 
U.l 
u. j 
(:1 .. 1 
0. :l 
0" 1 
(.i • .1. 
U., .1 

1.0 
.1.. 6 
.1.. 8 
1.8 
1.. 7 
.1.. 6 
1. :=:;, 

1. • ::::. 
.1.6 
.1 .. c·::· 

l.'.? 

0. :~; 
0. ~? 
u. l 
(). (i 

30.3 
3(). :-_::; 

3(>. 3 
30.3 
30.3 
30.3 
:3<). 3 
3C>. 3 
3(;,, 3 

I 1 

21.9.9 

409. :=:;, 

400.3 
38~:.. 9 
370.3 

347.3 
:::::~i9. 6 
360.9 

264.1 
1~3~5.2 

11.8.2 
69.B 
:::::e. o 
.t q '"} 
. , ·-
9.4 

$-'1734. 8 
.. ·-- ,. __ -··· ·-·- -- .... LJ r··.j [! c: c~ LJ F' I E::: I) F' F~ F~~ I c :1 L) ·-- - - -- ..... --· -·- --- -- --· --- -·· -·· --· ···- -·- - ·-·· ·-·· ··- ·- -- ·-

1 ·'l~.'.',. fl 

~,2:::;" b 
h7U .. Li 

··_;·I '!. ,-; 

611.2 
r= -yt'"i .,. 
._I/('.'.) a / 

:;:::.q2. 6 
.14.1.0 
74. ~_', 

:;7. 0 
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0" 1 

(.; n J. 
0 .. l 
i) • :J 
(:1" 1 
u. 1. 
1)" .1. 

1.) '· l 
u. l 
0 .1. 
c. 1. 
O. l 
O.l 
0.1 
0 . .l 
U.l 
O.l 
0. 1. 
0. l 
O.l 

0 .1 
() .. .. : .. 

·! ,"! 
.L n '··J 

::::. u 

2,,8 
2.8 
2. E~ 
2.6 

l. 7 
.1.. l 
0.6 
0.3 
(I ·~) 

0.1 

..::.•.) n ·,.: 

"":'" .. '"'."'" 

·-~' ' " -

·,,I si 

::o. ::::. 
::so. 3 
30.3 
30.3 
3{). 3 
::::;o. ::::: 
30.3 
30. ~~; 
3<) • ::: 

2'2. l 

·-:r· .--, t:: ,-.. , ._: ... ::... __ ,•a 

541.2 
/(:11 .. .1. 

72.9. 4 
677.4· 

62b.1 
6::=::1 .• 1. 
b~Sl. 7 
598.l 
509.9 
382.6 

14~:' •. 7 



COOLING COIL LOADS 
Job : D-0 SUBCOH 2/3 FY1975 SYS 
B~ilding : D-0 SUBCONSTRUCT 2/3 ~CoMplex) 

Zone : Block 
Period : All 
Date : 11-16-87 Site : AURORA, IL FERMI, User- Defined 

4000......-------------------
3500-: __________ _____,,,"""""""' 

J 

13000+-1 

--

0 1 
A2S00~; --
D ~ 
,2000-: --

1 
M1500-: --
B ~ 
H1000"!--; --

J 

500.._~ -­
~ 

n' '1 +---:-,-..,-, ..... 

-25 -15 -5 
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I 
I i 

: I 
i 
: 

i i 
! I 
I ' : I 
i ! 

95 I 
i 
I 
! 



COOLING PLANT INPUT POWER 
Joh : D-0 SUBCOH 2/3 FV1975 SYS 
B~ilding : D-0 SUBCOHSTRUCT 2/3 ~CoMplex) 
Site : AURORA, IL FERMI, User Defined 

Zone : Block 
Periiod : All 
Date : 11-16-87 

400-1 ------------------

359 ...... : --------------------1 , 
p 300.....-------------------
0 
w 250.....----------------
E 1 
R 200 ...... 1 -----------

, i 
150't'-: --------

~ ~ 
w 100-: -­

~ 
; 

50-! --

Q l j I L 

-25 -15 -5 5 15 25 35 45 55 65 75 85 95 
BIH TEMPERATURE, (F) 
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PRIMARY HEATING PLANT LOADS 
Joh : D-0 SUBCON 2/3 FY197S SYS Zone : Block 

o.soj I 
0.70+-. ----------------------! I 

B~ildin9 : D-0 SUBCONSTRUCT 2/3 ~CoMplex) Period : All 
Site : AURORA, IL FERMI, User Defined Date : 11-16-87 1 

I L0.60..-: ----------------------1 
1

, 

0 , 
A0.S0.,.._: --------------------<: 1 

D 1 I 
,0,40 I 

I 1 1 

M0.30 ! I Ii 

I B 1 I I 

I H0.20j I 
I 0.10, I 
I I 1,l,

1 

I 
0 ·~!J 1

-15 ' -5 5 ' 15 ' 25 ' 35 ' 45 ' s5 ' 65 ' 15 ' sS 95 i 
I BIN TEMPERATURE, (F) ! 
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VI-a. 

FERMILAB D-0 EXPERIMENTAL FACILITY 

SUBCOl~STRUCTION 3/3 - LCW COOLING SYSTEMS 
BUILDING SECTOR PHYSICAL PARAMETERS AND DESCRIPTION 

31 OCTOBER, 1987 
ANALYSl: S.F.KRSTULOVICH 

FERMILAB CONSTRUCTION ENGINEERING SERVICES 

VI-1 



COMPLEX BUILDING INPUT SUMMARY 
Building Name : D-0 SUBCONSTRUCT 3/3 Date : 11-16-87 
Site : AURORA.IL FERMI, User Defined 60117862.0 

************************************************************************ 
1. ROOM CONDITIONS AND FLOOR AREAS 

Thermostat settings : Cooling = 92 F; Heating = 91 F; Setback = 0 F 
Warm-up factor = 0 %; Room design relative humidity = 50 % 
Floor Areas: Perimeter = 1 Sqft= Interior = 0 Sqft 
Cooling provided during unoccupied period. 

2. WALLS, ROOF, GLASS, SKYLIGHTS: 

E:·: po sure 

North Wall 
Not-theast l>Ja 11 
East Wall 
Southeast Wal 1 
South Wal 1 
Sou t.h~"es t Wal 1 
l•Jes:. t l.Ja. l 1 
NortJ-wJe~,t. l•Ja 1 1 
Pet- imeter- Roo-f 
Intet-i.ot- F:oof 

Area 
(Sqft) 

0 
0 
0 
0 
0 
0 
0 
0 
(l 

0 

LI-Factor 
BTU/(hr-sqft-F) 

0. 150 
0.150 
(l. 150 
0.150 
0.150 
(l • l 50 
0.1.50 
o. 1 ~::.o 
0.130 
0. 1~::0 

Glass Area 
(Sqft) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
(l 

Glass U-Factor 
BTU/(hr-sqft-F) 

1.13(1 
1.130 
1.130 
1.130 
1.130 
1.1.30 
1.130 
1.130 
0.550 
0.550 

WALLS: Color = Dark; Wt. = Medium; ROOF: Color = Medium; Wt. = Medium 
BUILDING WT. = Medium; VERTICAL GLASS : Single Glazed 
Shade Factors : Glass = 1.000 ; Skylights = 0.000 

Internal shades are not used. A ceiling plenum is not used. 

1 

1 

3. LIGHTS: 
0.000 l•J,:::1tts./~)qft 

Interior : 0.000 Watts/Sqft -
Diversity Factors : Occupied - 0 %; 
Perimeter Liqhts : Ballast , exposed 
Interior Lights : Ballast , recessed 

4. MISCELLANEOUS ELECTRICAL LOADS: 

0 vJat.ts Total 
0 Watts Total 

Unoccupied = 0 % 

- %600000.000 Watt.s./Sqft. 600,000 Watts Tota 

Interior-

~'. F'EOF'LE LOADS 

Unoccupied - %200000.000 Wat.ts./Sqft -

Occupied -·· 
Unoccupied = 

0.000 Watts/Sqft = 
0.000 Watts/Sqft = 

200~000 Watts Tota 

0 l>Jatts Total 
0 Watts Total 

Total Occupancy = 0 sqf t/person = 0 people total 
Activity Level: 6. User defined activity level 
Sensible = 0.0 BTU/hr/person; Latent = 0.0 BTU/hr/person 
Diversity Factors : Occupied = 0 %; Unoccupied = 0 % 

6. MISCELLANEOUS INTERNAL LOADS: 
Sensible : Occupied = 
Latent : Occupi.E'd = 

0 BTU/hr; Unoccupied = 
0 BTU/hr; Unoccupied = 

7. WALLS ADJACENT TO NON-CONDITIONED REGIONS: 
Wall Areas ~ Perimeter 
Wall LI-Factor = 0.000 
Adjacent region is not 

0 Sqit; 
BTU/ ( ht---sqft-F) 
hE0E1 ted 

Adjacent reqion is not cooled 

8. INFILTRATION DATA: 
Air Flow Rates: Occupied = VI-2 0 cfm~ Unoccupied = 

0 BTU/ ht-
0 BTU/ ht-

0 Sqf t 

0 cfm 
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FERMILAB D-0 EXPERIMENTAL FACILITY 

SUBCONSTRUCTIDN 3/3 - LCW COOLING SYSTEMS 
BUILDING LOAD CALCULATIONS 

31 OCTOBER. 1987 
ANALYST~ S.F.KRSTULOVICH 

FERMILAB CONSTRUCTION ENGINEERING SERVICES 

VI-3 



LOAD PROFILE SUMMARY 
Building Name : D-0 SUBCONSTRUCT 3/3 (Complex) Date : 11-16-87 
Site Name : AURORA.IL FERMI. User Defined 60117862.0 

************************************************************************ 
TABLE 1. OCCUPIED PERIOD (load does not include vent. load, fan heat) 

Bin 
Temp 
( F) 

93 
90 
8::1 
80 
...,. c: 
I ~1 

70 
6::'.1 
60 
55 

4 c:: 
.__I 

40 

...... c: 
L_.._.1 

2() 

1 ~5 
10 

c: 
~· 
0 
c: 

-~· 
-6 

Bin 
Hout-s 

(hr/yr) 

o.o 
25.8 
59.4 

145.3 
237.7 
270.6 
264.5 
2::15. 0 
244.7 
23:2. l 

237.6 

218.2 
174.!=.1 
122.4 

78.1 
46.l 
2~5. l 
1 .. '.J 7 

6. :: 
4.6 

<-------Perimeter Zone------> <--------Interior 
Sensible Latent Plenum Zone Sensible Latent 

(tons) (tons) (tons) (F) (tons) (tons) 

170.6::'.1 
170.65 
170. 6::1 
170.65 
170. 6~5 
170.65 
170.6::'.1 
170.65 
170.65 
170.6!=.· 
170.6~:1 

170.6!=.1 
170.6::':· 

170.6!=.· 
170.6!=.· 
170. 6:'.\ 
170.6!=.1 
170.6!=.· 
170.6!=.· 
170.6!=.· 
170.6'.:'o 

0.00 
0.00 
0.00 
o.oo 
0.00 
o.oo 
o.oo 
0.00 
0.00 
0.00 
(). (;(; 

0.00 
0.00 
0.00 
0.00 
(). (:1() 

(:1 • ()~) 

0.00 
0.00 
0.00 
0.00 

0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
o.oo 
0.00 

o.oo 
0.00 
<). (J() 

(). (:1() 

0.00 
0.00 
0.00 
0.00 
() u (Ji.) 

0.00 

92 
92 
92 
92 
92 
9-2 
92 
92 
92 
M·-1 
7..::. 

92 
92 
92 
92 
9:2 

92 
c;:·:::: 
92 
92 
92 

0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0 • 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
(). (J() 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
(l. 00 
0.00 

0.00 
o.oo 
0. 00 
0.00 
o.oo 
o.oo 
0. 00 
o.oo 
0.00 
0.00 
0. 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o. 00 
0.00 
0.00 
0.00 

Zone------> 
Plenum Zone 
(tons) (F) 

0 • 00 
0.00 
o.oo 
0.00 
o. 00 
o. 00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

TABLE 2. UNOCCUPIED PERIOD (Load does not include vent. load. fan heat) 

90 
8~~ 

80 

70 

60 
~55 

50 
45 
40 

3() 

25 
20 
15 
10 

5 
0 

-6 
--6 

.14. 6 
36.3 
oq ~-
7 , ..... • 

215. :::. 

463.3 
!'500.4 
4-82. 0 
4-47.6 
422.7 
413.7 
417.0 
417.4 
395.2 
336.9 
252.8 
165.7 
96.3 
50.9 

2 .1.. 1. 
o.o 

!'56. 88 
'.'56 .88 
~56. 8~3 

!'56. 8i::l 
!':16. BB 
~56. 88 
~56. 88 
!=.·6 .88 
56.88 
56.88 
56.88 
56.88 
:::.6.88 
56.88 
~56. 88 
56.88 
56.88 

~16. f18 
~56. !::18 
'.'::06 • t3Fl 
0.00 

(l • ()(:1 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
o.oo 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
(). (:1(; 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
(l • 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
C). (:•(> 

0.00 
0.00 
0.00 
C) • ()i;) 
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9:2 
c·c ·'"'\ 
7 ,.;., 

o·-· 
~ . .::. 
9::~ 

92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 

92 
92 
91 

0.00 
() • ()(:1 

0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
o.oo 
0.00 
0.00 
0.00 
o.oo 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

(1 .. C)(J 

0.00 
0.00 
0.00 
0.00 
C). ()C) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1). <)<) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
(l • (l(l 

0.00 
0.00 
0.00 
(:1 .. <)(i 

0.00 
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FERMILAB D-0 EXPERIMENTAL FACILITY 

SLIBCONSTRUCTIDN 3/3 - LCW COOLING SYSTEMS 
SYSTEM COMPARISON PERFORMANCE SIMULATIONS 

31 OCTOBER. 1987 
ANALYST: S.F.KRSTLJLOVICH 
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VI-c.-1. 

FERMILAB D-0 EXPERIMENTAL FACILITY 

SL.!E:C::Di\i~::; T r:;.:!.JC:T T Di\I ;:; / :::: -·· L.Cl;j CC!OL. l t-JC:i EYCTEM~:; 

OPERATIONAL PERFORMANCE SIMULATION 

DE~~; J c:ll\i F\(18 If::; E\··sTFM 
HYDRONlC FREE COOLING HFAT EXCHANGER 

WITH THESE ENFRGY FEAlURES: 
L.ri~ :E CCJUL L iJC:i t'J(: ·:·1.F: • L ~~iE L!J(, 'T FH F IL ·r Eh'.) ' HI c::;H EFF I c I Et,JC: y· l'!UTCJhE:; ,, 

(..:·:UTUl·!i:T J f L {::1 .E: VJ(·:TFF; F'U!"1F' 6Tt:L I l'.iC::; 

:::; l Ui :T UE:EF·:.. .1 :;:::;; 
ANALVBf: R .. F.KRHTULOVJCH 

VI-6 



SYSTEM INPUT SUMMARY 
Job i'J<•lliF=: ~ D···-U bUE:CUl\I ::=:;/::; DE~~:JIGl··J F>YE:; 
Bui 1 din q ~·~ ,=:im ~:-• ; D ·-U ~3i..JCCC:il\I:=.:: THUC T ~::; / :::: ( Con: p 1 E· ::; ) 

~:lit "'0 : (~l..Jl::;:uF;:i:::: , I!.... r::·i:::::~M I , u ~~-i::=-· i·- De~ ·f .i. n t?d 
Scope of Analvsis : Coolinq Systems Only 

·I 
.!.. 

****************************************************************~*+***** 
A. AI~ HANDLING SYSTEMS 
~1. PERIMETER fERMINAL TYPE : CONSTANT VOLUME 

~3 u. j:) p 1 ·.:i,... i: c:1. n t. )1 pt-:·.' ~ F. c::i , .... VJ·::·:·, i·- c! c Li. t ... \/ r:.'.·:· ci 
Supply fan total static pressure - U.01 in. wq. 

A return fan is not used. 
Design supply air= 50315 cfm @ 55 F= 
Are cooling terminals used for heating 
An economizer is not used. 

Ver1t. air= 
.-.. -'\/'•, 

:· · ... 1 .... 

Js a ventilation reclaim device used ? <N> 

0 cfm 

Are ventilation air dampers closed for unoccupied periods ? <N> 

************************************************************************ 
B. HEATING PLANTS 

> 1 . PERIMETER PLANT : ELECTRICAL RESISTANCE 
ls hydr0nic heatinq used ? <N> 

***~*****f********************t***~************************************* 
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SYSTEM INPUT SUMMARY 
Job Name ~ D-0 SU2CON 3/3 DESIGN SYS 
Building Name : D-0 SUBCONBTRUCT 3/3 (Complex) 
Site : AURORA.IL FERMI, User Defined 
Scope of Analysis : Cooling Svstems Only 

F'age 2 
D,:;:.te l.i-16-87 

6C•.i .l 7862. 0 

************************************************************************ 
C. COOLING PLANTS 

>1. PERIMETER PLANT : REMOTE SOURCE CODLING 
Is hydronic cooling used ? <Y> 
Is chilled water reset used ? <N> 

************************************************************************ 
D. PUMPING SYSTEMS 

F'ER IM::.: TER 
: SystE·m dT, F. : dP, ft wq l dT, F : dF', ft wq : 

Chi 1 1 E':d >·Ja tet- 2() . 00 1 ~1() . 00 0 . 00 0 . 00 
Hot W<J.ter 0 . 00 0 . 00 0 . 00 0 . 00 
Condens:,e1·-· ~'\12, tE•I'". () OC• () (:1( -) 0 00 0 00 . . .. . . 
Ground water 0.00 0.00 0.00 0.00 

************************************************************************ 
E. NON-HVAC SYSTEMS 

> l • f\ION -H'v'{iC EL..ECTH I CJ'il... D·-.!E:hC!Y USE 
Liahtino kw~ Occupied () .. () k i/·.J ~ l.Ji''"t C:!C: C Lt p .i E•d -·-

Misc. kw : Occupied - b00. C kt-.;; Ur1occ:u.p.i.ed ···· 
Uthc:.-•1'· k~·J ; Uccur•:i.\:?d ···- 0. 0 klrJ ~ l...lnoccu.p:i.t.0d ····· 

>2. DHW SYSTEM (Not ut:i.l.i.zed ir1 this system) 

0.0 k~·'J 

::?on. u k•·J 
0. 0 k~'J 

************************************************************************ 
r= • F"UEL.. cc::i~:;Tf.=: 

> .1 • F'i::? i ... :L od 

ELECTRICAL : Occupied 
ENERGY USE ($/kwhl 

Compressor 0.050 
F;: t::.· s:. i ·:;;, t. "'' 1··1 c E· : 

In ::I u ct. .i · ..... f:.:· 

l...lr1 C!C: C:: U. r• .i. fc•C! 
( ·~: .. / k i·\i h ) 
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>2. OTHER FUELS : 

: I\!·''"· tu 1·· ,·;, l C3 "°' ':::i 
:Fue1 Uil 

: F:c-1T1c• t.E He· .. :,,~.: 1. n q 

: F;~ t·:~ !"n c:! t:. i:.:-·· C: t::1 fJ 1 .i. n (~ 

Uni-~ Co~; t 

r·i/<:.i ':f;/thcr··m 
n./d t/U.:=3.qal 
n/,:i '.!'/lt::-
11 / E:! %' / ME-:TU 

0. 0(;•) '~.lMFTU 



TOTAL BUILDING ENERGY SUMMARY 
Job Name ~ D-0 BUBCON 3/3 DESIGN SYS 
Bu oi 1 c:l .:l r··1c:i N.:::1mt"'' : U--U ::::ur:c::uN::~:TRUCT :::::/::::, ( Cornp Jc':<) 
Bite : ALJRORA,IL FERMI, Use~ Defined 

f.J () l 1 7· ~:3 l~~ ::? • () 

***********************************************************~*********** 

(Dec ) 
ElE1ctr·ic (Unocc) 
Natural Gas 
Fut:·~ 1 Oi 1 
F'r-opane 
F\emote HE•ating 
Remott? Coo 1 inq 

H~.IAC Total 

rinnu.:,:1. ::. 
Co·;:.c,t 

( ! / \i r· :1 

.1200 
21t~c1 

0 
0 
0 
0 
u 

Electric (Occ) 93858 
E:J F:·c::t(·i.:::: (L;r.uc::c:) ~'•/.:::'..J/I 

=:::::::::::::::::.-::-::::::::::~:::::::;:::::-.::.::::·:::::::::::::::::::. 
.................................... ·-·· .. -······-······ .. ···· ········-

C·:1 I'"°. c·:·~ n ·:J T c: t .. ~:\ l 
Tut.,:~l /;:'.:q. Ft ... 

,· ·' 
l.. .. ·L! ·::· ~. 

.1 t. t··ft-::-• 1···n: r .. 1,·::"i. t. c_::t -:·:-:_ ·::~ 

J.. l..! .. ~; .. Ci-:::\:!. c~:.t l 

F~n(:~f .. (J/ (:;:,(· F~uc:·I 

ur·:i. t·::; 
C: (Jn~=-u. in(:;.:· d 

24002 kv.ih/yr-
4:;;:·0::'.; kwh/y1··· 

0 the r-ms /yr·· 
0 U.S. q2~l/yr·· 

0 lb/y·r-
0 l"IPTU/\/i-
0 MBTU/yr· 

•••r····r ,· .· 

· ... '····''···' 

DOE RUF DOE RIF 
(1000 BTU) (1000 BTU) 

278424 81919 
50.1.155 147452 

(l 0 
0 0 
0 0 
0 0 
0 0 

2:29371 

21775057 6406747 
13064848 3843994 

·-~ ::: :;-.:: :::;: ::::. ::::. ..:: ::::: :::::::: ::.:..:: ::::: ::::: 

350J9484 10480112 
'.>;::=::· ,(J_ C/4H+. J. C: '/~104dOJ 11. 99 

.. :: ,, J .::~·· ..-.. c:~ ·f: -j· i:::' t .. :·:~~ J. [:Ci·::::.-!::. 
';..~ c·:' 7 :? r.) ~-::~ .. () t::~ k V·-.l h ~/ ~:; Cj ,, f.::- t~ ., ./ \/ r·· 

2.19 ~ of fotdl Electr~cal Enerqy 

l I m p • c1 ,;:; 1 C• 1. l 
l lb p1,··opc:•.nE' 
RUF. 

- J68000 BTU RUF and RIF 

F'IF 
l"IBH 
Mb TU 

- 21680 BTU RUF and RIF 
- Resource utilization factor (Source value) 

Resource impact factor (Point of use value) 
··-· 1000 PTU/hr·· 
.... l"I :J .. l 1 i CH I BT u 

VI-9 



Job Name : D-0 SUPCON 3/3 DESIGN BYS Pc:tgE· 1 
n L.~ i 1 c1 i :··1 u Nc:-t 1-11 ie· .. • : D-· u ~::; r.1 r::: c: ur.: :::; T F;: uc: T :::: .... :::; ( c:: c rr1 r :i. '"';. ) j l ·-1 t.)-87" 
Site : AURORA.IL FERMI, User Defined 
f:3c:Dpf;! c··-f A.r·:e:-•lv:".i:::,. : C::uc•Iir··:q ~3·,-s:tt:·:!rn:::: Dnl / 

************************************************************************ 
~':. P1 IR Hi~il'·H>L .. I l·JC· ~:;·/'.::iTEi'i~: ( (iNl·Ju,·:J.. Fr'i!·.i CJFEFUYf I hi[! U:!~~T :: $4E:) 

>1. PERIMETER TERMINAL TYPE : CONSTANT VOLUME 
Supply tan typ9 : Forward curved 

Suppl'l ·f,:in tot<:~.l static p1 ... ·c~ss;ut·-e -··· 0.01 in. wq. 
A return fan is not used. 
Design supply air= 50315 cfm @ 55 F~ Vent. air= 
Are cooling terminals used for heating ? <Y> 
An economizer is not used. 
Is"'" vent:il.ati.Dr» r-E?c.ldim dE·vi.c:r:· usc;;d ·~:- <N> 

0 cfm 

Are ventilation dir ddmpers closed for unoccupied periods ? <N> 

************************************************************************ 
8. HEATING PLANTS (ANNUAL. HEATING PLANT OPERATING COST = $0) 

> 1 . PERIMETER PLANT : ELECTRICAL RESISTANCE 
I ·::: h -._,.; cj r·· or··1 .i c hE·: El t. i. r·1 q l t ·:::,.c,·C: '";:· < t-..l > 

VI-10 



ANNUAL. OPERATING COSTS 
J c1 b l\J .::::i.1T: c::· : [) ···- () ~3 LJ PC: Cl :\J ::~; _./ :~:; C1 !:~ ~:; I CJ J·~ ~; v· ~::; 
Pu j 1 cl iii Ci r·.loHf!tc' : D···<.• ;;:.: iF:U:!!•F::T!;.:uc:T ~;; ,/ ~::: ( c:::c.1T1p l E· ;< :· 

Bite : AURDRA~IL FERMI, User Defined 
~; C:. [) i:! £.'.·: () ·f {~ j "1 E· J \/ s:. :i. ~::. : [: :::::i C) 1 j r··, q ~; 'r' ·:::. t. C· IT!-~::. [In J. ...,.--

DatF· 11-16-·27 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * C. CODLING PLANTS 

>1. PERIMETER PLANT : REMOTE SOURCE COOLING 
Is hydronic cooling used ? <Y> 
Is chilled water reset used ? <N> 

<tO) 

************************************************************************ 
D. PUMPING SYSTEMS (ANNUAL PUMP OPERATING COST = $3,312) 

PEF: I METEF: 
: System dT, F : dP, ft wg : dT, F : dF', ft wg : 

Chi 1 led wate1··· 20 .00 1 ::.=.o • 00 0 . 00 0 . 00 
Hot. ~·J a t.c• r· 0.00 n II (J<) 0 .00 o.oo 
Corid E~n st=.· r· ~·Jc\ lE·r· 0 . 00 (l . 00 () . 00 0 00 
Ground water 0.00 0.00 0.00 0.00 

************************************************************************ 
E. NDN-HVAC SYSTEMS 

Lighting kw: Occupied 
Misc. kvi 

0.0 kw; Unoccupied -
600.0 kw; UnoccuciFd 

CJ t. hi::·:~ r··- k \1·} :: C! c:: c: !...!. p i. i::·:~ d :::: () ,, () k ~'",i ; l.. Jn c·, c:: c: L( r.:-' i r::-:· ct ·-· 
>2. DHW SYSTEM (Not utilized in this systeml 

****~**************************************************'**************** 
F. FUEL COSTS (GRAND TOTAL ANNUAL OPFRATING COST = $153,532) 

> l .. 
EL. . .FCTF:: :I C?~L 
FNFF.:t:=; Y UHF 

F' e 1 .... :i. ci c:; >~. OTHER FUELS : 

-- ..... -··· ··· ··-· ·-· -·· ···- ··- -·- ·-·· ·- -- .... ··· - .... ···· ... · ·· · ····· ....... ···· ... ···· ···· ····· ···· ..... ··-· ·-- .... ·- ..... ····· : Fu(:·:· l U :i. 1 

Com~~esso• 0.050 0.050 :P~op3ne 

F\ci-;;3 i ·:~. t.~?t, r .. , c: (:-;' : ( ' I t I 1(:: (:r " () :::.:!(:! : r;~F·:·n1c1 t F·Z· l···l( ': -:':":\ t. j n n 
i''•, (~ i:::, ("·, 

VI-11 

r·: .i ,,., ~: . . / th F· t ... m 
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COOLING PLANT COSTS 
Jub t·Jc-<1r;('': D····O ~:31....iCCUI.: :~: .. /:: DF'.31Ui·.! :::3Yb 
E~ Li. i. J. cJ j. n c:1 l\I c:1. rn r: .. ::· ~ I) ····· i::) E:;: t J E·: c::: [! r··.I F; ·r F~'. L.J c::: ·T ~~:; ./ :~:; ( c: c.J :T1 p l E· ~·~ ) 

SitP Name : AURORA,IL FERMI. User Defined 

Bir; Perimeter Cuolinq Plant 
T E°:'fT: J:) : ~-fc)L.t r· ·::: : Co i J L .. C:.1E:~c l Ii": pL. t c:: () ::~ "l::. 

( F:: ) : hr· Iv 1··· r1 DH r1 E: i ·i S:•· _i "/ 1··· 

Date : l.1 -.16-D7 
E:"it:~· t· i Et J. t".Jum bet··· : 

C:. 1)1.l 7E;c).~~. () 

-----------------------------------OCCUPIED PERIOD-----------------------
90 
8:'1 
80 
7:'S 
70 

60 

~.c) 

::~() 
.-··, c:· 
..t:. . .. ! 

90 
8'j 
f3() 

r.::1::. 
• _I ,_I 

40 
-,. &::: 
.. .:1.._I 

30 

2() 

.15 
10 

0 

-6 

25.8 
59. LJ. 

145. :::: 
'.:::'.37. 7 
270.6 
:::::64. :=. 
255.0 
::?44. 7 
232 .. 1 

237. f.:; 

::~::.u" ~= .• 
:21H.~:~ 

17 !.j .• ~.i 

122 .. 4 
7U.J 

1. :»? • "/ 
6. '.? 

1. 4" 6 
-:: .~. . 
·--=l .. }" .. : 

·:!; '."· "/ " {:: 

4r.:.:'! • ::; 
~_::,OU ... q. 
/1 ,-, .. , ,·· . 

... t·c:i. .• :.: . .. '·-' 

447. '':, 
·1-22. 7 
41~::.. 7 
417.0 
41"/.4 

33t.>., Cf 

16~: •. 7 
96. ~.::: 

....... &::: ~'" 
~::. "-' • .. .;1 

2J"l 
Tnt.:~.1 Cc•'".',t.c.:. 

2048" ~? 
'.?04[:. ~;:' 

2048.2 
:~04E:1. ::: 
2048.2 
'.2'.04F:. =·:: 
2048. :·:~: 

204F:. 2 
204B,, :»? 

204f3" '..? 
204H. ::::: 
2048.2 
:~04El. '.? 
::04B. 2 
204t::.2 
:::().q.s. ::::: 

204E:. '.? 

:~::C•4U. 2 
::::U4F;., :,? 
:?04U .. ::: 
'.:::04t3 • '.? 
::?Ot.lf3.? 
'.,?Ol!C:.'.:·: 
2•)4b .. '.? 
~.::U4F:., :? 
~? C• .\1. E~ .. :·.? 
'.:>)1.IH.'.:·: 

0.0 
o.o 
0.0 
0.0 
0.0 
(). () 

0.0 
0.0 
0.0 
(::. 0 
() n () 

() .. () 

u .. o 

() " () 

() "() 

()" () 

~=u. u 
----------· ------Ut~OCCUPIED PERIOD-----------------------

l ,·-, ··:r .. ·· 
C:)C:J ... ) ., '· •. ' 

bE:<:::.o 
6H~.::;. U 
bu:=~:. o 
683.0 
6E3:!;. 0 
6ff~;. 0 
6E;~'.. 0 
685 .. 0 
t.:; [:: ::::: h () 

'r···,··:·· .. ···. 
c;c;; ... :;" '·-·' 
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() " () 

() .. (.1 

0 .. 0 
0.0 

0.0 
(:1 a() 

0.0 

C). C) 

"'"-'·o 



Job N<~JT1c· 

Bu.ild.inq 
Sitt::· t·-.lc:•mc· 

FAN AND PUMP COSTS 
D-0 SUBCON 3/3 DESIGN SYS 

Name D-0 SLJBCONBTRUCT 3/3 rcamplexl 
: f.ll..!ROR~::, IL FEF\f'll, U~::tc;1-· Deii.nec! 

Bin 
Tt·:2ir1p: 
( F ) 

Bir1 
Hour--~;; 

hi'· /'/i'. 

p E' i'. i. ffl €'o' t t~ ;r· F b\ n ·::::. f\ln Intcr··i.n~·· ZunE· 
lnpu.t Cu~ot 

f:i;J '*; / '/ ( 

1.1. - .16--·E:7 
~3 C';• ;···· :i. i::; l i\j U IT: b E• ~- : 

t.CJ 1?Ur:.~: .. 0 

P1 J. 1 r.>umpo:. 
l r-1 put. Cc::i·:::; t 

----------------------------------OCCUPIED PERIOD-----------------------
90 2:.:: •• 8 
.--. c: 
0 ~-' 

8() 

70 
6'.:· 
60 

··:•i::: 
•• :' •• 1 

.--,i::: 

..::. .•• 1 

-! t::: 
.L .. ! 

· ... l 

l .. 
L' 

c:·. 

,. r.;;· 
'. ... 

i.:::. 

?ii.::· 
'"-f .,_,\ 

40 

.. -.,r:::: 

...: . ._.! 

l ~:, 

.1.U 

() 

-- ~j 

.... ,f:, 

59.4 
.1.4:.':1 .::::; 

270.6 
::::64. ::. 

:::44. 7 
T'!;:: . .l 

.'.? .l F: • .. ::. 

1. '..?2 .. ,;:1 

"/Ll. t 
tlf::. J 
:?'..:: ... l 
·! .-·· 
_I. ... : .. .. / 

, ............. !. .... . 
L .. f....!':·;:. !_. ::::· 

:t .. q "(:. 

.-·.·,Ji::: 

4/! ·::' "/:. 
.q 2:·:, "7 
41~~;.? 

4 .1. 7 .. C• 
417 .. '~ 

0.1. 
0 • .1. 
(l • .l 
0. 1. 
() • 1. 
0. l 
0. 1. 
0. 1. 
0. 1 
0 .. 1 

C· l 

., 
.. ..! .. 

. ·I 
'· .. •'II .1 

. . "l 
. '., .r 

•.) u 1 

·r" J. 
·I 

'···' .l. 

,·· -I 

'·'" .. \. 

(•" J 

u" J 
(•, .l 
() .. l 
() " J. 
u .. 1 
0 .. .1 
(:r" l 
{)" l 
U.l 
0" l 
C•,, .l 

0.1 7.6 9.B 

0. t3 
-I -:i· 
.I. • .• ;. 

.L ::. 
l.4 
l.4 
"' -:i· 
.L " ... :-

l. ?. 
1 . ~: 
1 " ~::; 
< 
.!. "· ... · 

1 .. .:: 

(. " .' 

( ti .t 

() " () 

''-' L: ".l 

·I 
• .!.. " ..... 

.. ::. (! 

.. ::'." .:·. 

.l . i! 

r)., .. .:: 

() II .1. 
:"·, .1 
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7.6 
7.6 
7.b 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 

,:;._ 

... t . 
···:· ,.( . 

" ~ ... z 

··: ... 
.. c:• 

./ 

.. 7" , .. :._ 

tic 

. .. :::.' 

...... / ... 

/ .. (~; 

7.6 

~? .. (~: 

n ::; .. : 

.-, .--, r.: 
_.::....::..•._I 

:-i4. 9 
89.9 

10:?. 3 
100.0 
96.4 
92 JI ~5 

87. E-3 
86.8 
89.8 
90.2 
82. '.':'.'· 
66.0 
£l6. 3 
.-·i,-1 c: 
,,::.7 .. ._! 

17.4 

4.8 
.... , ··;r 
•• ::. I' ·,~I 

l. 7 
'.!; :! .1 f::: :?: .. 0 

c:; c:: 
·-·' .. ··-' 

··:i··--r i= 
'1 :' .. ~) 

J_ b':J" :=. 
.1. ~=,·:; "C: 

1 :.'7 "7 

14·=.=·".:;. 
1'.:·/" 4 

-;1 .· /! 
._::c·=., '·; 

I ... ," .• :: 

"f:.:. 



COOLING COIL LOADS 
Joh : D-Q SUBCON 3/3 DESIGN SYS 2one : Block 

Period : All 
Date : 11-16-87 

B~ilding : D-0 SUBCONSTRUCT 3/3 ~CoMplex) 
Site : AURORA, IL FERMI, User Defined 

4000"!-1 ---------------------.., 
J 

3500'+"-1 

---------------------; 

I i 
53QQ0+-J ---------------------( 

A2500 ....... : --
D ~ 
,2000..,_'. --, 
M15Q0-: --
B ~ 
H1000-'. --. 

500+-: --
' ~ e-:-- '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 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 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 I I I I I I I I I I I I I I I I I I 
--- lliiiiilliiilll [ I l I 

-25 -15 -s s 15 25 35 45 55 65 75 85 95 
BIN TEMPERATURE, (f) 
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VI-c.2. 
FERMILAB D-0 EXPERIMENTPL FACILITY 

::::LJF.' 1:::c11·1'.:: "! F'U::··1· 1 r:::.: ::: / ::: ··- L. Cl•,' CUUL I l·~h :;:;y~~~TEM::::; 

OPERA1JONAL PERFORMANCE SIMULATION 

TYPICAL FV107~ DESIGN - BABIC SYSTEM 
H\.·DHU!\IIC FF:FF C:UC!L J!\IC! HE!',T· i::::<CHPrNC:JF"I:;, 

L•.; T Ti·!Ut..:T F J"-E: Hi,/ FE ;::,·T t..JFJ<; ··- F'Ui{•..) l•J(:rTTT: CCJi:ll.. .!. l\!C·:: 

:::: J UC T CJF:Fh:, J. -::;· :;: / 
,:.\1\1(.:11 .Yu·r :: H. 1::. 1:::1:::;::TU!....U<' J CH 

VI-15 



SYSYEM INPUT SUMMARY 
Job Name : D-0 SLIBCON 3/3 FY1075 SYS 
nu i. 1 d :i I• Ci !·i.:~.f:1E' : D·····U :::::UL:-C!Jl·~~::Th:UCT :~; ./ ::::; (Com i:J l F• ~< ) 
E1te : AURORA,IL FERMI, Use~ Defined 
Scope of Analvsis : Coolina Svstems Only 

A. AIR HANDLING SYSTEMS 
)1. PERIMETER lEP~INAL TYPE : CONSTANT VOLUME 

:::_:;i,j f.'J r:r 1 \/ f ,;:~n t. \·· r:·c:~ :: F"ci V"V~.:":~1. f"'d c LI 1-·\/ec:I 

t'.) !...;, 1::) p l . ..,... ·f C) n t C) t C:1. J ·:;:. t:. E:·, t j_ r.:: p !..-· S-:• ·:::. ·~:. L\ t-· t·:-:• ·-·· (:1 .. (~) J i ~· .. i • V-..i l;;_i • 

A return fan is not used. 
Design supply air= 50315 cfm @ 55 F; Vent. air= 
Are cooling terminsls used tor heatinq ? <Y> 
An economizer is not used. 
Is a ventilation reclaim device used ? <N> 

O cfm 

{~n::· vt:::'r1t.ilc'\ti.on c-:d.t- c:ldmpet .. ·s clo,,;ecl fc.;t- LmCJccui:::iii::::·d per·iods ·-;:- <N> 
************************************************************************ 
B. HEATING PLANTS 

> 1 . PERIMETER PLANT : ELECTRICAL RESISTANCE 
Is hydronic heatinq used ~ <N> 

**~****x*********~****************************************************** 
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SYSTEM INPUT SUMMARY 
Job NamE : D-0 SLIBCON 3/3 FY1975 BYS 
Bu1.1d.i.;:q r·.J;?.rni? ~ [)···(• SUPC::ur·.J~;TF:UCT ~'~:/=~: (Coff:p:it:·?:<) 

~:: .1. te : ?~UR:Dh:(:1" IL. F·t::i:;:r··1 I , L.i·:::r::· r.. De· "i .in E:·d 
Scope of Analysis ~ Coolinq Systems Only 

C. COOLING PLANTS 

>1. PERIMETER PLANT : REMOTE SOURCE COOLING 
Is hydronic cooling used ? <Y> 
Is chilled water reset used ? <N> 

Pc.<.qE· 

D a t 1:~ 1 l -- 1. 6 - 8 7 
t:•Jll7t362 .. 0 

************************************************************************ 
D. PUMPING SYSTEMS 

: System 

Chilled 11Jc-~te1·· 

Hot ~'\!Et tE~t-

C u r·1 cl e r·1 s. \'.·:·:· :.-· •·-.1 -:::-1t0'·1···· 

C31·-ou.n c:I VJ.;::, tc::· :··· 

dT, F 

:~o. oo 
0.00 

240.00 
0.00 
() . () () 
C) .. () (~ 

dT, F 

0.00 
(). C)C) 

0.00 
(). 1:)() 

: dF'. ft wq : 

0.00 
0.00 
0.00 
0.00 

*******************************~**************************************** 
E. NUN-HVAC SY3TEMB 

> .l " NUl\!--H'·/f:.1C: EL..FC:Tf~' I C:Pil.. E:l\!r:::r;:C\1 Uhr:: 
Liqhtinq k~: OccupiPd - 0 .. 0 kw: Unoccupied - 0. 0 k~".i 

Misc. kw : Occupied = 600.0 kw~ Unoccupied -
1J t:. h i:-:·:.J r·- k VJ [! c c:: u ;::.: J.. c:. cl () • C1 k v\1 ;; l.J r·~ c:1 ~=: c:: Ll p i. c:· d ..... () "() k V·J 

> 7::. PHl•J BY"t'.;Tt:t·•i ( t·.lu t. 1 .. l t ~\.I .i :;: t.:·ci .i.;: t. h.:t ~::. ·:c \··::.; t.E·ff1 ... 

> l . >:?. UTHEF r:·L!Fi .... b : !...Jn.-:.. t CcJ~.: t. 
E:L.. r::c:: Th: I C(1i .... 
Fl . .IFF~:·::;\ u·::;c: ( ~,/khlh :' : !""··l ,~·:\ t Ll r- ·=·:·:i. 1 CJ.::·~--~; r; .. / ,::-! ·:t,. / t. h (·:·::' i- ff: 

c:: c::i :r1 p r· .. E:~ ~;::. ·:::. c· f­
H i?;.· ::·. i ~=· t .::•. r··, c: to' 

J l .. i CJ~--' C t. :i. \if"' 1:1 ,-, 1:·11·: 

:Fuel Oil n/a $/U.8.qal 

: H c· v1 ei t. ;.:::· ~-I c· ;:,, t .i. , .. : Ci 

: PE:'ff:nt.F· Cui:::1] ir·1n 
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TOTAL BUILDING ENERGY SUMMARY 
\] o b t\~ a ff1 t::-:· :: !) ·~~ 0 S L.l f~ C~ CJ t\l :~:; ,,,. ~~ F. \( l '7' ·:7 ~.=:! E: ···{ ~:::· F'er· iocl : A 11 
Hu j ] di i"1 Cl Na111F· : D···O :::;;upc u1· .. 1~3TF:UCT ~:: / ~:. (Com ::::i 1 E~ :: ) z CJn \'.? ; F: 1 DC k 
S i t F· : ti! .. J F·: CJ Fu i , J L FT F: I" i J , l.J::= c:· 1-.. - DE:·:· -f i r·, ('c«::I h E::· r· i"::\ 1 hi um I~; e t- : 

Date : 11-16-87 60117862.0 

*********************************************************************** 
DCJE RUF DUE F.: IF 

Component ($/yrl Consumed (1000 BTU) (1000 BTU) 

Electr·ic (Ckc) .1. c; .1 <) 

Electric (Unocc) 3~3E 

Natural Gas n 
Fuel Oil 0 
Propane 0 
Remote Heatinq 0 
Remote Cooling 0 

N DI·.!-... H'v' P1 C: Eh! [ F~: c:i '/ 

[ l E·c: t ; .. .i.. c:: (Dec: ) 
ElE-:·ct1 .. ic: ( Unocc) 

N c:1r· ...... H'v' t1C Tc t c.:t l 1 ':."•C•l ·7:;? 

3Dl9f:l kwh/yr 
6El7 ~.'i6 k ~·J h I y 1-

0 thet-ms/y~-

0 U • S " q c:1 1 / '/ r" 
0 lb/yr 
0 MBTU / y t·-

0 11BTU/yT 

..!. H'/7 Jb;> f \•,!h/Vt"· 
J J 2b;,~uo k<·Jh/v;·--

"-l-43101 

0 
0 
0 
() 

0 

1240672 

130371 
23466~· 

{) 

0 
t) 

0 
0 

========== ========== 
Grand Total 155520 36080577 10615777 

%36080577.04 %10615776.66 

H'v'P1C:: ~::un,:-:1.:::,r·..,,; 

H'-/!':ic Tei t.2. l c::c:.is +. 5347.72 $/Sq.Ft"/yr 
3.44 % o+ Total Cost 

·reite:-.l H'v'r,c: L:lc·c·! .... :,_c;;,:,:; Er1t:·i-·ci .. >'..106;:_;·~.',4.47 k'·-it .. ;/::::q.Ft./y1-
- 3.44 X of Tota] Electrical Enerqy 

0.00 X of Total Enerqy 

-··· ·1_ J <:::•.>O E:TU RlJF :: :::~:4 .t '.;·· F:TU RI F 
l thF:r·1n n.:·,,t c1;;,·:: .... 
1 U.f::. q;::iJ u•.~J 

.1. I m p . q <:=1 1 u .i. 1 
1 1 b pr-c•pc:1nE· 
RUF 
PIF 
MBH 
MBTU 

- 168000 BlLJ RUF and RIF 
- 21680 BTU RUF and RIF 
- Resource utilization factor (Source value) 
- Resource impact factor (Point of use value) 
.... .1.000 BTU/hr-· 
--·- M:i 1 1 .i un BTU 
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ANNUAL OPERATING COSTS 
Job Name : D-0 SLJBCDN 3/3 ,--.\1r-. 

\:J T .:::> 

Buildinq Name : D-0 SUBCONSTRLJCT 3/3 (Complex) 
Site: AURORA, IL FERMI. User Defined 
Scope of Analysis : Cooling Systems Only 

F·aof? 1 

************************************************************************ 
{~.(\IR Hr1NDl._INC:! ~:)YE'3T[M~~ ({.'.ij·.j!·.iUP•L. Fr11·1 [!F'EF~{:·,Tlt-.lh C::Df;T: $f1-b) 

> 1. PU~: I Mr:.·n:::r;: TER!•! I !Ji'.\!.... T'r'F'F ; crn··Y:nr1NT 'v'UUJME 
Supply fan type : Forward curved 

Supply fan total static pressure = 0.01 in. wg. 
A return fan is not used. 
Design supply air= 50315 cfm @ 55 F~ Vent. air= 
Are cooling terminals used for heating ? <Y> 
An economizer is not used. 
Is a ventilation reclaim device used ~ <N> 

0 cfm 

Are ventilation air dampers closed for unoccupied periods ? <N> 
************************************************************************ 
B. HEATING PLANTS (ANNUAL HEATING PLANT OPERATING COST = $0) 

> 1 . PERIMETER PLANT : ELECTRICAL RESISTANCE 
Is hyd~onic heating used ? <N> 

************************************************************************ 
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ANNUAL OPERATING COSTS 
Job Name : D-0 SLJBCON 3/3 ~Y1975 
Buildinq Name : D-0 SUBCONSTRUCT 

t""• \; ,·~, 
.::> T ,:-_"} 

3/::::; (Complc·;;) 
Site : AURORA, IL FERMI, User Defined 

., 
..::. 

11-16--87 

Scope of An2lysis : Coolinq Systems Only 

************************************************************************ 
C. CODLING PLANTS (ANNUAL CODLING PLANT OPERATING COST = $0) 

>1. PERIMETER PLANT : REMOTE SOURCE COOLING 
Is hydronic coolinq used ? <Y> 
ls chilled water reset used ? <N> 

*********t************************************************************** 
D. PUMPING SYSTEMS (ANNUAL PUMP OPERATING COST = S5,300) 

PERIMETEF: 
: System 

Chi. 11 ed L·Ja tet­

Hot L"J,=:t tE~t-

Concl E·n ~=..f::· i·- Hatt::· r .. 
f-3 !'"" C1 i.J n d \.".i . .:::~ t c.:· ,v·· 

dT, F' 

2(:;. (:1() 

0.00 

: dF' • ft L"JCj l 

240.00 

dT, F' 

0.00 
0.00 

E~ .. 1··.J [j l\i ·-·· t-~ \) (i c:: :::::; \' :::; TE~!<'.::::: ( r.:·: ~\) l '·J t J (~; L. , ... ~ (J i\i ··-· ~·i !..,/ (i c:: CJ F' E: :::~ r·~ ·r I (i l?.i [:CJ ::::: T ~:: 

•:· 1 • NUl'~-·H\!P:C E:L. E C: T F. I CP:L F.i'~E h:L:: \' u::;t;: 

600.0 k~= Unoccupied 
CJ t !-i; · r· k \.'.; ; Uc c: u i: , .i c~ c:i (:1 .. () !-: ~--,; ~ t . .fr·: C) c: C i ... l j::·; .i. E·:• d 

~. DHW SVSTE~ (Not utilized 

'·! 
.. J. " F' ;;:,.: 1·· :.i. C:· c:I >~?. UTHFF~: FlJE:L.H : 

l i·u.c:· I. Ui J 

: h:c·:T1D t.P l··iE'a. t .i. r-, CJ 
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0.00 
0.00 
0.00 
() .. C)(:1 

:? () C• .. (:; !< L"J 

() a i") k ~.'\! 

l .i r·~ .i. t. c::: c:.1 ~;:. t. 

r-; / i:!t ~:· ./ t hE~ 1·-·m 

r·1/<::t '$/U.:::..u<:,.1 
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COOLING PLANT COSTS 
·;·,. .. !. .. I·' ..... 

• . ..! L.IU :\l.:::!li 
!'"\ ·- .( ...... 
L/ .::.~, t_ t:::' ll-·16-·-H7 

Site N~rn2 : ALJRLJRA,IL FERMI. User Defined 

Temp: Hours :Coj.J Load 

90 
,-,i::: 
C.:•-__ 1 

f:30 

70 
l c:: 
D~' 

c·,c) 
c: c: 
.... .1 ..... 1 

4'.5 
40 

1

,11 

·o 

•_) 

~:.; () 

{. ::.) 

i::.t:.. 
· .. .! ~ .. i 

4U 

.-··, c:.; 

.. :: ..... 1 

.l !'.:· 

.l 0 

0 
c:: 

-- .._J 

:2 ~.:. • E3 

.... , . .,. ···y -;­

..:: .. ..:• I • / 

::~70. 6 
'.?64. ~: .• 

24·4. I 
2:=;2. l 
.-··, .-·~ , ... ; c:: 
..;: ... :'.. "! ., ._I 

.-., . .., .... :.. ... 

.. :: · .. :: / • c:. 

.''j :::3" .. : .. 
.1 7l:J . '..'-. 

.l :~· ... : :.? .. -~I-

4f:;" :L 
~) ;·, " .1 

l :~.:" / 

4.b 
.... _ .. J .. -

.. !....!':,;;.I..·::::· 

. ···,., 1::; ··:· 

.• :~ J, • ... l " 

c:: . ·· .. ,· ~·1 
.... 1\ .... '" .... ,. 

4H:":::·:. () 
4.::17 ., .;'·. 

42:?" 7 
4l~S.7 

i.i.t.7" () 
417. ·'l-

16~'· · 7 
96. ::; 

21.l 
Tc:iti::\ l C::c;·:;:. t·:::, 

2048. ~! 
'.::'.C'4F:.2 
:::'.:048. ';,~ 

2048.2 

204~3. 2 
204U. :::-

204H. '..? 

::?i:.:::1H,, ,>' 

:?(:-4H. ~·: 

:::::u,,;1h. ',? 
:?04H. :·;;~ 

t..-,s:::; .. c1 

6t33. (1 

Mn. 0 
6ffS. 0 
683.0 
683. C) 

Inpt.·t 
i•JE:H 

204f3. 2 
:204F:. 2 

'.::'()4h. 2 
:,~ (11:l [; • ::.:: 

::?04[3" ::·: 
:::04b. ::· 
:::~04::3 "2 

:;?'.'"lH. 2 
';?()t:\ E" :> 

:·,,·· .. :1,.···, 
.1:: '· .. -' '-t· (:) ...... 

',?;:·::i ,:'~·f::'. '· .... 

cc .. <:0:.t 

;t::.,/ "y/ t"'" 

N~ Interior Zo~e E~ists 

-OCCUPIED PERIOD-----------------------
0.0 
(). () 

0.0 
o .. o 
0.0 
u.o 

() n .() 

0.0 
()., t) 

() " () 

() .. () 

() " () 

(i .. () 

(,:;" n 

···· ··· ·······- ···- ···········-!..Ji···.iC:)L .. ! ::LJF::· 1 E~·r:) F·E::H I DD··-----····-····-··- .. ·-···-·-·········-···-·····---······-···-·········-····-·········· 

I I ' • I .. 

bEC.U 
6S:::;. 0 

u .. u 

() " ( ': 

(). (:1 

0.0 
() .. C) 

() .. t) 

(). (:1 

() .. C) 

0.0 
C) • (J 

(i. 0 

() ., () 
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FAN AND PUMP COSTS 
,)ot· hli:::IT!E~ : D-···O ~:;lJbC::Dr.i :.::1:~; r:: .. {JCJ7~'.1 E::/;~; 

E; Lt .i. l d :i. r··: Ci (~ c·.:1 i'f: F~· ~ D ···- () ~~; t_ ,; [~ 1
::::: Cl f\! ~:;Tr~: L! c:: T ::::; ./ ::~; ( c: C) rll p 1 f·:·:~ >~ ) 

b:i.tc• i .. ..i,:1.1T:\::· :; (iUf~:Uf~:/:1, Il .. i::·:::.r:.:~1I, Ll~:·t·'~!'' Lic-:·-ijr-:cc:i 

F· t:·' t ... i n1 f:! t t.'·.' t .. 

I,. .. : r•l .. '. t. 

r-· -- .... ·-· I .. d::·:::· hi c:• I n t "-''' r- i u i ... r~ 1 ., 
~··: ~ .:. F'u.1T1p·::: 

( F) 

6~5 

60 
c:: c: 
'-I··~' 

4""· 
40 

. ····,1:; 
,,·· ··' 
... ..,, .. 
. r":' .. ' 
·i 1::: ·' ···' 
:.lC' 

.. _ .. 

E''', 
......... 
·:·-.'.·' 
-·.•1 

(~1 •.) 
l::: i.;:: 
~--' ... ! 

•l '..'.·, 

40 
-,·c:: ._:: \,..' 

30 
ro c:.; 
..::..._.! 

l ~~. 

10 

0 
c.:: 

--._,\ 

!:19. 4 
14~:.. 3 
·17-1 -..,. 
... ::. ... ) / . / 
270.6 
264. !':"· 
2~1~1. (:1 

::44. 7 
2:~;2. 1 
,·-·,.·-,,-·") t:".: 
.1::. ... : ... 1·. · .. .I 

.-·, ··:r ···~- t' 

.• :: .... :i / "c· 
···-,··:······, 1:: ... :. ... :.c:." · . .I 
.····,oj ,-··. -· 
.. :: .. .L c~~ " ... : . 

.··,•::· ·i 

.•. · ! .. ..I •. 

J:.:" 7 

1. 4 "'·' 
.. :_,/::" ·.> 

. i ~.·.·. ' ·. 

· ... '.: '· !:.':: 

4/::::::. "::::. 

ij u:: .. (: 
:1 ,., ···;.· ; 
'-·~'··I· / " C: I 

4>:>'. '7 
4.1.~~;' 7 
41.7.0 
417. 4 

t:::VJ 

0.1 
0 .. 1 
0. 1 
0.1 
0.1 
0.1 
0 .1 
0 . .1. 
0. 1 
() • 1. 
() ... l 
() " :J .. 

•• ) " .• c 

() .J.. 

(.i ... l 
u. j 

n .. 1 
.•·. ·I 
• ..... ' .. \ 

()" .t 

'· ... J 
(,i" ,.• .. 

(: .. J 
( .. " .1. 

" ... · " J. 

u .. 1 
0. :I 
U . .l 
u .. i 
(:1" 1. 
0.1 
U.l 
O,l 
U.J 
O.l 
u .. .1 

[: (:) -==~- t~ 
r»· / .•.•. 
:;·· i ~.,· r 

-----------OCCUPIED 
(). 1 
C) • ::::; 

0. t3 
1. 3 
1. ~i 
.1.. 4 
1.4 
l. ::::; 
.l . ::; 
l. ::-:. 
-l ··::· 
. .l. " ... :• 

:l. II .r 

() 

1.) "l\ . 

'.:: "1 ... : 

c" .l 

l ti •• ::' 

' ... i 

.. :: .. {. 

.. .::'. ....... 

l ",q. 

l)" .1 
\) " J. 

:r ·::; .··.,. -... 
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I npu. t 
f:::l•! 

PERIDD---------------
12 .1 
12. l 
i::. 1 
12 . .l 
12. 1 
12.l 
12.l 
12.l 
1:?.1 
1. 2. 1 
l :? .. 1 
.1. '.~ •• 

l : .. ? .. i 
.L .• :: " J 

1'.? .. i 

12. 1. 
1 ~::- .. :.\ 

.i ::: . l 
j ;;: .. 1 

1 :: .. J 
12" 1 
l :;~. 1 
l ::~: . .1 
1 ::::: . 1 
12.l 
1 :? . l 
12 . .1. 
L?. 1. 
12. l 
12.J 
l :::: . .1 

Co~.t 

$/-y·t .. 

i:: .. 6 
:-.::; :;, • 9 
87.9 

14::::;. 8 
16:::::. 7 
160.0 

14f.J. 0 
140. ·l 
1:3f3.,c; 
14~~: .. t:: 
144.5 
13:2:. 0 

74 . .l 
47. ~; 

... ,. ·= r-1,··~, .... , ,-··, 
:.:.:· .L C) ·· . .-. ... ::. .. ('.:: 

C.r •::'."· 
.... • .. 1 •••• : 

... ~ ..• :: ... (:1 

.-··,., ' .. ·1 
":: .. 1. C=" '·T 

.·-, c::. .. -. ··::· 
-'::_,_I ... )"· .. :• 

~-.. c::: .··-, 1::: 
.1::. , . .l .• ~. ,, ··-' 

T'.S. l 

1 ~:.~? . ''.? 
100. ::-~; 

l::: ,··-, -: .. 
.... .ic:' .. · .. := 

.1 '?. f::: 
<;:.:::;41.:17. 1 



COOLING COIL LOADS 
Job : D-0 SUBCON 3/3 FY1975 SYS 
B~ilding : D-0 SUBCONSTRUCT 3/3 ~CoMplex) 
Site : AURORA, IL FERMI, Use~ Defined 

Zone : Block 
Period : All 
Date : 11-16-87 

4000------------------------. 
~ 

3500...,_I -----------------------! 
1 

13000+-, --------------------: 
0 , 
A2500,j.-: ----
D .J, 

,2~0Q-: --

M15Q0-1 --
B ~ 
HlQQQ-1 

--, 
500-i--[ --

1 
0+-'. ---

-25 -15 -5 5 15 25 35 45 55 65 75 85 
BIN TEMPERATURE, (F) 
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VII. 

FERMI~AB D-0 EXPERIMENTAL FACILITY 

SYSfEMS LIFE CYCLE COST ANALYSlS 

PAYDA~K CALSULATJ0NG 

~1 CClOB?R, 1~87 

,:.1 i ; (1 J.. \" :::~; ' ~ F; " F .. I< r:: ~:::· ·r LJ I.. .. [j '..,/ I c~ l .. i 



VII-a. 
FERMILAB D-0 EXPERIMENTAL FACILITY 

LIFE CYCLE COST ANALYSIS 
FOR 

DESIGN BASIS SYSTEM 
RECIPROCATING CHil_LERS WITH ENERGY FEATURES 

31 OCTOBER. l9BY 
ANALYST: S.F.KRSTULOVICH 

FERMILAB CONSTRLJCTION ENGINEERING SERVICES 

VII-1 



F'F;:CJJE:CT NP1ME 
,C:it,j?~L ·-.r f.:; T 
CDl•!MEi-IT:::; 

FERMILAB D-0 EXPERIMENTAL FACILITY 
f.: .. F. l<H;3TULD 1v

1 J CH 

EST I t"°lf"iTE ·yEf:H 
C~:DM!·1i I:::;~::: J 01·.l \'E(if? 
L?":if.:T f=;Tl..JL•Y /E'2iR 

DESIGN BASIS SYSTEM 

-! ···-·, ,···,,-··, 
.i. '7 C:'.tC'."! 

NON-FINANCED CASH DEBITS/CREDITS 
Yt::?~iH P1!'-iDUl\IT 

l 9B7 7!52900. C10 

**** FINANCE INSTRUMENTS **** 
NOTE l PRINCIPAL ( 1987 EST .. ) = $ 

NOTE 2 

( 0 EST.) - $ 

I NSTt~UMEt-H 

PRINCIPAL ( 1987 EST.) - $ 

0 E:ST. ) == $ 

**** FUEL COSTS **** 

0.00 
0.00 

NDNE 

0.00 
0.00 

ND~~E 

1927 E.f.:;1 .. UF FUEL. 1 -· :t :,c_:;-12~1 .. (\( 1 (E!.l'.:'.:. J 

**** MAINTENANCE C02T 
•J, ·J.: .!.· ·.t. 
.. ~ -~· 'r· ·'t· 

1S27 ESl. OF MAINT .. - i 12000.00 

i·::?dH 
.1.C/C:() 

-I,·-,.--,.····, 
..L..., 7 .• c. 

.1. •:) (~.:-::: 

.1. 9c)4 

-I ,--,,-, ·-r 
.l. 7 7 I 

'..?000 
200.1 

2004 

() n (:i() 

/. c;·u 

-./ " S'() 

7" c./() 

7.90 

·;· .... 
·7 '··-' 

()" ()(" 

(,} ... _.;1 i 

() .. ()(; 

(). ()(:1 

0.00 

0 .. 00 
o.ou 
0.00 
!) .. ()i,) 

o.ou 
(). ()() 

() .. '·,. '· :· 

() .. ()() 
(.; .. ()(> 

() n ()() 

() " ()() 

0.00 

()II 1:)() 

(:1 • ()() 

0 .. 00 
(:1 • ()(.) 

(). ()(} 

: ' .. 
i .... " · .. · 

FLJFL. J 

,. .. ., ····,_.·· .. 
\'.::) n C:"·' .. -' 

,···; ,····, .. ~. 
C: ... C::'·-·' 

t:~ ... E~ i.) 
E3 .. E!(! 

8 .. f3U 
El. E30 
fJ" 80 
8; b.10 

f3 • Fl() 
D. f:30 

FUEL..::? 

!.) • (_)() 

(). (_)() 

(). (.1C; 

C) • f.)() 

C) • ()() 

(). ()() 

0 .. 00 
C) • <)() 

0.00 

(). ()(:1 

o.oo 
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() "()() 

() "(J(! 

'-.~ .. ()() 
(). ()() 

(::. ()(1 

o.ou 
() . ()(.: 

() • c~i.) 

C) II C)() 

0.00 

0.00 
0.00 

0.00 
0.00 
() .. C)() 

(: "()C• 

Mt:, I !·.f,, 

" ,, (J~) 

/ "l.)\) 

7. 00 
~7 ... ()C) 

7" ()(# 

7 .. C)t) 

7· • () (~ 

7.0U 
-~~,. I! ()(J 

-·;-
"'· .. ' 



**** LI~IclED PRESENT WORTH LIFE CYCLE COST **** 
PF;; U Ci E'.CT l\!P;l'iF_ 
At-.l{:1l .. Yf T !.iP1ME 
CUMl·iENT~; 

FERMILAB D-0 EXPERIMENTAL FACILITY 
'.::." F • ~:: F;;'.::;r UL.Cl;) I CH 

...... 1 .. ··,.· .. r-·, 
-.r::.hl""\ 

MfJF\T. 1 
1'1CIRT • 2 
FUEL 1 
FUEL. ~~ 

HJE'.::L 3 
1'1?\ J NT. 

DESIGN BASIS SYSTEM 

j; 7· ~,:':',°C/!.)() .. (::() 

$· 0. (l(l 
$ 0.00 
$ 0.00 
$ 0.00 
'.!; 0 .00 
$ 0.00 

'!:· 7 52900. 00 

(). (J() 

0.00 

<) • ~)() 

<). ()(:1 

11899.91 

7129E.8H 

0.00 
0.00 
o.oo 

() • ()(3 

0 .. 00 
11. bOO • t:· ~=. 

71A9~·. 09 

0.00 
0.00 

0.00 
0.00 

11. 70::?. 22 

() .. ()() 
0.00 

60l::l'=?7. T7 
0.00 
0.00 

1.lt.-04.61 

CUM. $ 752900.00 824192"38 895893 .. 94 967990 .. 19 1040492.56 

F'._1[! .. 1 
F Ut::l. :? 
F"UCL ... ~::; 
Mf.:1 Jt·JT .. 

CUM. 

cn~JH 

1··,iUFn .. l 
1'1UhT. '.2 
F"ULL. 1. 
FUEL. 2 
FUEL 3 
f'I{; IJ\!T. 

..... 
~-

.·+· :p 

$ 
$ 

$ 

$ 

$ 

$ 

·i ,········,:···, 
.L .. : .-' .o: 

() Q (i () 

-·7.--······1 ·1 "':'" c:: ... , 
/ ,,::.··:: •• I. · •• :0 " '··' .-.. , 

() " () () 

0.01.J 
64009.76 

0.00 
0.00 

11.0~~::= •. 82 

u .. uu 

, .. : ... ; •:;·· .. _:_ ·: .... ,'').? 

.1 J. ::1 J J .. H :: 

0.00 

<).<)Cr 
(i • () 1.J 

1 (:iC") ,q. ::::; .. ~l 7" 

7 '..'•4H7 •. q.4 

()" ()() 

()" ()() 

1 1 ::~: J b .. b ::.', 

o.oc 

() n ()(J 

.1 :J. ~::.::'.:"?" :::: :=., 

74:.l 77. ·1 :!. 

1 :s:::;4c~.::.4 .. 2:=:. 

0.00 
6~5624. f39 

0.00 
(). i.)(1 

l.0761.97 

11128.6'."• 

-j .•1 ,··, , ..... ····, -·;.- .. :1· ·! ... -. 
J .. "·I· l. • .J ··.y ,,;:, ,' · .. := rt .!. ... ::. 

() " t) (.; 

(: "()() 

0.00 
6617:::. ~27 

0.00 
0.00 

1067::?. 20 

76844.47 

CUM. $ 1.484318.75 1559806.25 1635740.75 17121.27.62 1788972.12 
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c:;r:i;3H 
1v1ur:n·. J 

MCth:T" :~:' 

r--ur:::1._ J 
FUEL .. ::. 
FUEL_ "' 
i"'i,'.::1JNT. 

YEAF: .. S $ 

0,,00 0.00 

C· ,, ()C () . () ·:) 

()" ()('1 

o.ou 

C),, C)() 

104()7" ::::::? 

() " () (:1 

C)" ()(:; 

787.'.'?8. 40 

CUM. S 1866279.50 1944055.12 2022304.50 2101033.00 2180246.00 

YEAR 2007 2008 2009 2010 2011 

MUF:T "l 

F·L.:t:::!.. . ... 
F'tJF ~-­

tJ·11~1 J r· .. l·T ,, 

()" ()() 

() .. o=::.:r 

l0.1 <ii:,:.'· >.i.".\. 

()" ()(:1 

{J '· c :i :. ·' 

vrr-4 

o. oc1 
(~"' \)C) 

0.00 
u. (•=) 

!. .. ! • ! .•. i '·~·' 



VII-b. 

FERMILAB D-0 EXPERIMENTAL FACILITY 

L.. I ;:::i:: C'/CL ... i:: cn~:T (;N~:.L.. '{E:; I~:; 
FUR 

ALTERNATE LOMPARISON SYSTEM NUMBER l 
CENTRIFUGAL CHILLERS WITH ENERGY FEATURES 

~;J UCTUPFF:, .l 9U/ 
ANALYST: 5.F.KR2TULOVICH 
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F'F:'JJE:CT t-!f.il"!E 
(:; 1· ·.J f'::t L .. '{ ~:; T. ~~; .. F::· .. i< F'. F~ ·r LJ L CJ'·./ I c:: ~-·! 

t~'1L.TET;:t .. \(-\TF. SYSTE::M t-JC!. 1 

19H7 
J9HH 

**** NON-FINANCED CASH DEBITS/CREDITS **** 
'/E:~r1F: PiMCH ... INT 

**** FINANCE INSTRUMENTS **** 
NOTE 1 PRINCIPAL ( 1987 EST.) = $ 

( () E~=;T. ) = $ 

INSTRUMENT = 

NDTE .·-; 
~:. PRINCIPAL ( 1987 EST.) - S 

( 0 EST.) =- ~' 

**** FUEL COSTS **l* 
1987 ESl. OF FUEL 

f: I i.li:l.!L F '\ 

-I,-··,,····,,··-= 
.l.. ··.:· c:: ··.~ 

.l C.•C/ ."J. 

:.L .::;· ·:? :·::; 
.1 ')')4 

/., 

7.90 
7.90 

7 . '=?(:• 

() "()() 

o.oc 
o.uo 
c.ou 
0.00 

(J .. (};:) 

C.UO 

•) .. (:1(') 

()If()•.) 

(.) " ( :< i 

' ... .: {)() 

() " (:.1.) 

•.) .. C(J 

c::: "c:;'. i 

H., tJ() 

(''" ;··· .. ·· .. 
c" c::.·.: 

0.00 
C). C)() 

NONE 

0.00 
C) • C)() 

0 .. (Ji:) 

U .. 00 

(:1 a (11:) 

o.ou 
(J. ()(:1 

()" ()() 

(). ()() 

()" (.1(.1 

C). C)C• 

U.00 
o.ou 
()a()(') 

(:1 a (:1() 

(). ()() 

C) .. <)(:1 

0.00 

.. • n () () 

(.i" ()() 
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**** UNIFIED PRESENT WORTH LIFE CYCLE COST ttt+ 

PI~: :J a i:~ CT !··if::! ·i L 
(ii·~f°.:1:_ .. y~;T l'·!i'.'.iMC: 

FERMILAB D-0 EXPERlMFNTAL FACILITY 
~:;,. t .. fi;:~::TUL U'.' J CH 

MCJF:T • .1 
MURT.2 
FUEL_ 1. 

F l.Jt~l... ... :1 

Mi~:;Jr·n. 

C?'i~3H 

r'i•JF T .. l 
MUHT .. :;-: 
FUEL. L 

FUEL.. :;:' 
FUE:i. .. ::': 
M1::·1 Jt·-~T,, 

11Ui:T. ;,:: 
FU[i.._ 1 
F ~.JEL.. '.::~ 

FUEL :::. 
t···i 1'~i I NT • 

r11 .... ·r·r:1;:i-.1r1·11: ~:::y;:;T11·'! 1·.111. i. 

·I,····,,-··;·": 
.1 ''.'1C:}/ 

!!:· u. 00 
$ 0. O(i 
~- 0. 00 
$ {). {)(:; 

$ () .. ()i:) 

:.~. "·/ '··· 

c· . .. () c 

(.1. ()() 

(i .. ()(; 

0.00 
63::.c;1 " ::~9 

1.1El99 .. 9.l 

i ( ',···, '".'" 

(;. "();_J 

···,,··· 

{' ('I I 

()" ()(1 

(.: .. <)(:· 

0.00 
() .. <)() 

I'.)., ()C) 

.1. .1. F~ () () .. t."::· ~.=.:i 

.· /': .q . '· .. :-i.--:_:. 

i ... · (:< 
•· .. ' ,. ·. 

ii·· .. 

() .. ()C~ 

(,i "()() 

VII-7 

() • ()1:) 

0.00 
(). ()(~ 

644'.53. :::.1 
0.00 
0.00 

11. 702. 2:? 

-.~ .. . _.1(1 

().,()(·a 

b./lUh. '.'::,·:;:-

.. ·:· ~ • .. ! :) ; ·• 

'·1 "(."•(.· 

(~ "()() 

o.ou 
0.00 
0.00 

64990.92 
0.00 
0.00 

11604.61 

C) .. 1:)() 

C) .. ()':) 

"T!'··,,-··,···:.-1::: I r1 
/ ·::::,c:;:. / • .. .I. C.=···I 

.• : i:,·;i,).".!. 

( i.):.) 

u.ou 
7()619 .. 9~. 

0.00 



cr.:,:::;H 

MUF:T •. ! 
MUf:::r" ::'. 
FUEL_ :L 
FUEL_ 2 
FUEL. :~; 

MP: I l~T" 

$ 

·J. l.)• ... 1 

()" ()() 

(! .. ()() () • () r:) 

817"?2.1.7 t-3::?297. 87 

() " ()(.1 () n ()() 

0 .. (>(J 

()" ()() C)" ()() 

()" (J() (:1. ()() 

10:~:~;4. 4b 

82809.23 

CUM. $ 1929791.88 201~089.75 2094899.00 2178225.20 2262074.50 

YEAR 2007 2008 2009 201.0 2011 

i'·1 CJ r~~ ·1· .. l 
MDHT" ;,·: 
FUEL 1 

FULL :~: 

t•iP:INT .. 

0 "()i.) 

-·; n r·; :-·, i"··, ·-·~ .-"! 
/ '-·t .0:.:. .• ::. :::::i .. / " .. I. 

() " ()() 

(• {'· ,. .. 

0.00 

()" (J() 

(', U\.:· 
0. 1)0 

0.00 

0 .. 00 

C). ()C) 

o.un 

CUM. $ 2346452.20 2431364 .. 50 2431364.50 24~1~64.50 2431304.~( 1 
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LIFE CYCLE COST ANALYSIS 
i:~·ur;: 

(:;i .TtcRi.!(.:,T::: C'.Clf-'IF'~';f~: I ~:UN t;;vs:TE!'·-'! r·.!UMBE:R '.? 
TYPICAL ~Y197S DESIG~ - BASIC SYSTEM 

RE:.c I PRU( ••r.T I !·.!b C;··i J ~ .. L...Fr~::~:; \!!I THUUT El\IF~F;:C:.iY r·E:r:iTUh:E~:: 

31 OCTOBER. 1987 
f:i!'.i(:il .YST : ~::" !· , f::i:;:~::;TUL.U\i I CH 

FERMILRB CONSTRUCTION ENGINEERING SERVICES 
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PF'RCJJ[~C T l·!(::1!"!E 
A r\1 r:i L. "{ ~.; ·r 

: FERMILAB D-0 EXPERIMENTAL FACILITY 
~; .. F " f::F;:~:; TUL..CJ'v' I CH 

C.~ CJ i-1 r··'"i E::: J\1 ·r ::::~ ti! ... T .. '.:::;/:3TTl'! rJU. 2 -- f=-y1c;:·07:::, BP:'.:~;JC; 

EST l Mi"-\TE \[(:,!:;_'. 

c::c1MM Is~:: J Cli.! /[;'..:,:;: 
L i"-1~:T E; T t!L \' YEl:,f;_· 

**** NON-FINANCED CASH DEBITS/CREDITS **** 
YEAf.:;: 
1987 67'.'.:i400. OU 

4 t * * FI NAt-.!U.: I t'-l'::)TF:UMENTt: * * :t:: * 
NUTE 1. PRINCIPAL ( 1987 EST.) = S 

( 0 E~3T" ) :::: ~; 

I NSTF\UME-=l·-!T 

l"\IC!TE r··, 
..;:. PRINCIPAL ( 198"7 EST.) - $ 

( U E:'.:~;T. ) ···- $. 

I t·.!HTF~:UME:NT 

I::. :~ :· .T .. lJF Fl !EL. 
(; .. ()(1 

C:" (··. · 

19~7 EST. U~ MRINl. 

.; ,····,,·-·,··;· 
·7 ~:::: . 

.1?dH 
J '~}e·:;;-

1-::::•c.•:".·? 
J C) ':; ;:~ 

.l C/':~;· 4 
-1 r·,,- · r:: 

.J.. 7 ··;- ._! 

i , ... .,,.-·, ... 
.. l.. ··:· 7 (:_) 

1 C• :.:.-7 

·'ilf 1;"'1 

.• ::'.1,_.; 1: ) .... 

'····'f' 

/ .. '·7'(_.i 

./ .. ·~···:_) 

}' .. 9(i 

7"' C)(! 

7 " '°..~i () 

') . -~/ c; 
:?,.::; 

F J r.;,.\i·.i' F '.'.< 

(· (.i() 

() " ~.)() 

(' .. l._.li ... • 

() .. ()() 

() • ()C) 

c) .. ()1:) 

C) .. ()(:; 

() .. '.)i. ·' 

()" (;(.; 

<) .. ()t) 

0 .. 00 

(:1. ()() 

t). ()(:1 

0.00 

;.) .. ·:::·.(··· 

H" ii·".; 
F'. H ' 

,··. ····.,·, 
c:" C' 

f.3. f31) 
E~ .. ~3() 

..... , ,····, ...... 
~::! If :::::· '·. I 

H.UU 

VII-10 

(: '· (::i.:) 

·. ,· ... ·· 
.· " \ .. : .. . 

'.. ("""' 

.-·· .. , ..... ·· .. 
'· . ..'" \ .. .'' .. ..' 

0.00 
() "(J~) 

() ".()() 

() p () () 

()" (:1() 

() ,. ()() 

() .. ()() 
o.ou 

O.OC1 

nur-..iE-: 

(i. ()() 

t·.jc:JNE: 

( .. \ti:. 

() .. ()() 

(j .. <)() 

(:1 .. () () 

(:; .. ()() 

·~.7 '· () ::: 

~l .. C•i.J 

?.CO 
7 . ~)() 

~7 "()() 
-; . i.,_.' 

( 

. :'. 



**** UNIFIED PRESENT WORTH LIFE CYCLE COST **** 
PROJECT NAME FERMILAB D-0 EXPERIMENTAL FACILITY 
P:l .. ~(·1! ... Y~:T t.j(i!""!F '::; • r· . f :H ~:; TUL.. Cl\.' JC H 

COMMENTS ALl. S~STEM NO. ~ FY1975 BASIC 

CP;t'.)H 
MDRT.1 
MOFn .2 
FUEL 1 
FUEL 2 
FUEL 3 
MA I f\IT. 

YEAF:' S 

$ 675400.00 0.00 0.00 0.00 0.00 
$ 0.00 0.00 0.00 0.00 0.00 
$ 0.00 0.00 0.00 0.00 0.00 
$ 0.00 106916.16 107807.95 108707.19 109613.93 
$ 0.00 0.00 0.00 0.00 0.00 
$ 0.00 0.00 0.00 0.00 0.00 
$ 0.00 9916.59 9833.88 9751.85 9670.51 

$ 675400.00 116832.74 117641.83 118459.04 119284.45 

CUM. $ 675400.00 792232.75 909874.56 1028333.62 1147618.12 

'{EP1F· 

C:P:Si-~I 

MDRT .. l 

FUEL.. i. 
FUE~l.. ~. 

FUE=.:1... ::::; 
Mn:rrn .. 

MUF:T. 1 
MDhT. :'.: 
FUEL 1 
F~UEL 2 
FUEL 3 
MP1INT. 

YEJ::iF:' S 

(). ()() p II()() () .. c~o 
·:;:. () u () i) ()" ()(· 

c.ou 
$ 110528.23 111450.15 112379.77 113317.14 114262.34 

rl· :;. 
,····, t:: ,-·~ ,····, ,-, !::: 
7 · .. 1c::i ·7 "c::: •, .! 

() "(! ;) 

•! ••:.·.-···,,·••• '.•" •"M11°"• 

__!, ... ::::::·:··::: : ....... :: •• :i II•'-·•'•••! 

$ 0.00 0.00 0.00 0.00 0.00 
s 115215.41 116176.42 117145.45 118122.58 119107.85 
$ 0.00 0.00 0.00 0.00 0.00 
$ 0.00 0.00 0.00 0.00 0.00 
$ 9196.52 9119.81 9043.74 8968.31 8893.50 

$ 124411.92 125296.23 126189.20 127090.89 128001.36 

CUM. $ 1881123.75 2006420.00 2132609.20 2259700.20 2387701.50 
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CP;EH 

F't..JE~L .1. 

r L.i Et_ ~:.·: 

FL!FL. ::'. 
!'i?'1 l ~JT. 

.. •;::.(.: -: 

~ 0.00 ~.00 u.uu 0.00 0.00 
$ 120101.34 121103.11 122113.24 123131.80 124158.84 

$ 8819.32 874~.70 8672.81 8600.47 8528.74 

f 128920.66 129848.87 130786.06 131732.27 132687.58 

CUM. $ 2516622.20 2646471.00 2777257.00 2908989.20 3041676.80 

YEAR 2007 2008 2009 2010 2011 

;.,,..;,-··,:-,-r· .····, 
!'JL,!!"''·. j • •• ::. 

F'Ll[L.. .-.-., 

r=LJE= L_ ._:, 
M!~iTl-..IT. 

$ 0.00 o.ou 
$ 0.00 0.00 
$ 0.00 o.uu 
~ 125194.46 1262~8.7? 

$ 0.00 0.00 

•I ••. ,. /i ." ·"'1 I::: ""7t''''1 

.• L · .. :"··t· C:· ,::. , . .' • i • .. ~:• 

0.00 

.. ) ., ()L) 

0. •.)U 
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FERMILAB D-0 EXPERIMENTAL FACILITY 

LIFE CYCLE COST ANALYSIS 
UNIFIED PRESENl WOR1H CLJMPARISONS 

FUF: 
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**** UP~ LIFE CYCLE COST COMPARISON **** 
FI L_E l\JC: ,, 
F'F:U . .JECT 
f.it~r.L ·/:::. T 
CUMl···JENT :;: 

FILE NU. 
F'RU,} EC: T 
t:11'J0:1L.YST 
CCIMMENT~3 

1. •::i90 
J9?J 
l 99:.? 
1·=?9:::; 

·l ,-·;.-··,r::: 
..L . .,. ; ._! 

JC;'C/U 
.l c;:.;:;-c;• 

L.CC.1. .. Df"1T 
FE f-=:; M I l... P: F: n ····· i ·. E x F' t: R J r··i E t··I T ,:::i L. F i~i c I L I Ty 
~::; .. F. f.R~:;T ULU\' J CH 
DESIGN BASIS SYSTEM 

LCC:2. Df":T 
FERMILAP D-0 EXPERIMENT~L FACILITY 
S. F. f:RSTUl....D') I CH 
ALTERNATE SYSTEM NO. 1 

(A) 

FILE 1. $ 

71298. 8<3 
7.1.t..·=?~·. os· 

( B) 

FILE 2 !!: 
({-4-·-F.:i) 
vn·s $ 

0.00 
-··:599::?. 41. 
--4():2~~! .. 7() 

(A--B) 

CUM. 1*; 

o.oo 
-399'..::'. 41 
--E3018. L? 

--1 ::'077. 41. 

···;r.··-, (' .. 1 -I -;r i.;;: ;'I 
! . .::. ·-~ .i . . _;1 ., · ... ! ... ·J· 

)f.!:l_/].,l\J 

/LJ.f.:(1;3. 9 :l 

79'.,? j :.:: "·:~.· J. 

,-···, ·I ···y,-···, ·····, ., .• 
CJ: .. l .' '"7 .1:: ..... L .: 
,·-·,.····,.- .. ,.. .. , ... ;. , .... , .. :: 
c:::.,:: .... :. ·7 / .. c:: / 

-·-409~:;. l ~-"• -··l6l7C .. '.56 
-· Lj. l :.? / ,, ::::; (:; 

/i ••;t• -- ... ii ··::· ,··· 
-·- '~T · .. :1 ..' ...,·[· •• ·-> ~:::• 

..... 44,1.i./ "(,,/ 

,.., c::.···,··r ,····;;:: 
··-·.1..!° · .. ! ""j" / " ··.::· •. I 
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FI l_E NC:.i. 
PF;:UJECT 
P1r~P1L .. Yf:3T 
COMMENT~:: 

FIU:: rJU., 
F'F:OJEC.'."T 
P1NAL.YST 
COMMENTS 

1.9El7 
.19t38 
19E:9 
.1990 
19'7' l 

200.l 
:'.?()(): .. ? 

.... . :··, 
.,;:_1 .. ..'1·~·'C': 

l._CC:::l. DtiT 
FERMILAB D-0 EXPERIMENTAL FACILITY 
S .. F~ • l<J.:;: ~:; Ti..J Ul ,· I CH 
DESIGN BASIS SYSTEM 

L.c.:c:~~; .. r)r1 r 
FERMILAB D-0 EXPERIMENTAL FACILITY 
S. F. tO::RSTUUW I CH 
ALT. SYSTEM NO. 2 - FY1975 BASIC 

(A) 

FILE l. 'l» 

752900.00 
71298.88 
7169:'',. 09 

7 ~'', U ,'.I :.'.' " ~:. U 

~-;· t:;; ..... , ··:1 • :"l 1.:: .·· ' 
/ ... ' ·7 .. :. , ... , " ~- ' . .:: 

7hE:/;4 .. 47 
77:::;,.:,·:.:· .. 41 
-7···,-··:·"';· i;:. / ,-···, 

•• .. / / • __ 1 .. c:=c:. 

-·:-· ;···, -·:· .···, .. --, f: .·· .. 
/ C:'.• / .• : .. ::-:•" "+',.' 

( E: ) 
F-7 ILE ::? $ 

6754·00. 00 
11.6E:32 .. 70 
117641.. EH) 
11. 84 ~:_:,9 .. OU 
l l 9~?H4 .. 4U 
l:?Ol lH. :LU 

..; .···;i::;:····,,···-, .·· _ ... , ... , 
! .. .:.: .... .! •• ::. ''_) ~ ··' " .• :: '· .. ·' 

..; _ ... ., .~--, , ... ., /i ,····, ... -- .. ·. 
.1 . .• ::. ·7c·""·: c "··7• ... : 

J:''Ji:' 
.l. ::::: ::? (:: ~·::·: ) " ~.:j ' ... ;· 
1 ~.::.: ( :.'<.? ' '· .. >: 
-: -:,. /! i .· ·, !.:. ,···· 
.L · .. :='"·"· .. : .• :. :::::···.! 

(A-B) 
'i"F: .. S g; 

--4:'1:::'1:::.3. 82 
--4::=1946. 70 
···-46~:)62. 77 
--·•lh7B~?,. c··? 
-···4 72C•4· .. ~56 

·-·· 4 ') .:~; h (:, ' ::::; :-.·::: 
·· 4 ::.Jt:.Ub" // 

t.:.-"'.'•: 
,.,:.,: .. - •' · .. :." ... : .. : .. 

.l '·; .. ·c:.,·.. t * >i< 

VII-15 

({.)-·-8) 

CUM .. !l> 

77~500. 00 
::::.1966.18 

-60~::;43. ::H 
-·· 10712::':1. :::;;2 

--201·:;:bu.1::; 
-·:".?~::.uu1cl' .. ::i-1 
·····~?';!E'.:':,J :l. 00 
·-··5474:::;s. :".?B 

-· 4 l!hb :1 ::~: • ::';B 
··-·ll\'./;'::,H(·,f:::. o~::; 

t::: n ···:- r::: ~·1 ..... , ...... ,.. 
·--· ~ .. ! '·1· .... ,_i / .• ::. " '. .... 0 

c:. !- .. , ,-·; ... , ..... ,. ... , ;"' ...... _ 

·-·· I "''t , .... I .1::. -.. , tt '• • .''.,I 



FERMILAB D-0 EXPERIMENTAL FACILilY 

SIMPLE PAYBACK CALCULATIONS 
FOR 

ALL SYSTEMS 

31 OCTOBER, 1987 
ANALYSl: S.F.KRSTULOVICH 

FERMILAB CONSTRUCTION ENGINEERING SERVICES 
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FERMILAB D-0 EXPERIMENTAL FACILITY 
SIMPLE PAYBACK 

INPUT VALUES DESIGNED SYSTEM ALT SYSTEM NO. 1 

INITIAL TOTAL COST 
ANNUAL OPERATING COST 
ANNUAL MAINTENANCE COST 
SALVAGE VALUE AT YEAR 20 

$ 752,900 
$ 59,125 
$ 12,000 
$ 0 

$ 752,900 
$ 63,099 
$ 12,000 
$ 0 

YEAR 

DESIGNED SYSTEM 
EXPENSES 

ANNUAL CUMULATIVE 

ALT SYSTEM NO. 1 
EXPENSES 

ANNUAL CUMULATIVE 

INITIAL $ 752,900 $ 752,900 $ 752,900 $ 752,900 

*************************************************************** 
1 $ 71,125 $ 824,025 $ 75,099 $ 827,999 
2 $ 71,125 $ 895,150 $ 75,099 $ 903,098 
7 $ ~ 

4 $ 
c $ J 

6 $ 

7 $ 

8 $ 
n ~ 
7 ~ 

10 $ 

11 $ 

1? $ 

13 $ 

14 $ 
i~ .J $ 

16 $ 

1 ry $ I 

18 $ 

19 $ 

20 $ 

SALVAGE ( $ 

71,125 $ 966,275 $ 75,099 $ 978,197 
71,125 $1,037,400 $ 75,099 $1,053,296 
71.125 $1,108,525 $ 75.099 $1,128,395 
71,125 
71,125 
71,125 
71,125 
71,125 
71,125 
71,125 
71,125 

71.125 
71,125 
71,125 
~· ·~= !~,i~J 

71,125 
71,125 

0) 

Sl,179,650 
$1,250,775 
Sl,321,900 
Sl,393,025 
$1,464,150 
$1,535,275 
$1,606,400 
$1,677,525 
$1,748,650 
$1,819,775 
$1,890,900 
$1,962,025 
$2,033,150 
$2,104,275 
$2,175,400 
$2,175,400 

$ 

$ 

$ 
$ 
$ 

$ 

$ 

$ 
$ 

$ 

$ 

($ 

75,099 
75,099 
75,099 
75,099 
75,099 
75,099 
75,099 
75,099 
75,099 
75,099 
75,099 
75,099 
75,099 
75,099 

() ) 

Sl,203,494 
$1,278,593 
$1,353,692 
$1,428,791 
$1,503,890 
$1,578,989 
$1,654,088 
Sl,729,187 
$1,804,286 
tl,879,385 
$1,954,484 
$2,029,583 
$2,104,682 
$2,179,781 
$2,254,880 
$2,254,880 

PAYBACK FOR DESIGNED SYSTEM OCCURS AFTER 0.0 YEARS ($ 752,900l 

TOTAL COST OF DESIGNED SYSTEM FOR 20 YEARS IS $2,175,400 
TOTAL COST OF ALT SYSTEM ND. 1 FOR 20 YEARS IS $2,254,880 
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i··.iU l\l(·~ME: F.:.hiTEl::;:ED 
''.)I MF'LE F'{.:iVBP1C::f< 

$ t:.7!'.'•, 4UO 
$ 1. 06. 4:,:3 

INITIAL TOTAL COST 
ANNUAL OPERATING COST 
ANNUAL MAINTENANCE C::OSl 
SALVAGE VALUE AT YEAR 20 

'*' 1.:? • OC;•) ~: .1.C;. OOU 

YEAF: 

DES I Gt-~ED :::~/;:'.)TEM 

EX F'EN~3E'.:; 

$ 0 

ANNUAL CUMULATIVE 

'$ 0 

FY197'.5 ALT NO. 2 
EXF'ENf.3ES 

ANNUAL CUMULATIVE 

INITIAL $ 752,900 $ 752.900 $ 675,400 S 675.400 
1. $ 71,1.25 $ 824,025 $ 1.1.6,423 $ 791.,823 

*************************************************************** 
2 $ 71,125 $ 895,150 $ 1.16.423 $ 908,246 
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PAYBACk FOR DESIGNEI~ svs~EM O~CUR0 AFl[k 1.~ YEARS ($ 874,587l 

TOTAL COST OF DESIGNED SYSTEM FOR 20 YEARS IS $2,175,400 
TOTAL COST OF FY1975 ALT ND. 2 FDR 20 YEARS IS $3,003,GbO 
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