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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 XIII-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
Analysis: 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

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.



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 1/38: 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 HVAC 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 FY1975 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 HVAC systems were evaluated
including a typical FY1975 design. The systems were:



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 wunits, 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 HVAC 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 HVAC 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.



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.



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 LWT, 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.

Description of the Major Energy Conservation Features Selected: The
design building HVAC 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



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



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 HVAC 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 HVAC 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.

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

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.



Estimates of Total HVAC 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

45% Energy Use Reduction Goal Data:

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

Building Annual Energy Input for FY1975 HVAC 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 HVAC systems in the as-designed structure
has been used to estimate the baseline HVAC energy use of a
representative building of the appropriate category in FY1975.

4. The estimated additional HVAC 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 DDC
control systems in lieu of conventional controls. Actual



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

Qutline 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 HVAC systems performance in
relation to estimated projections. Among the items metered are:

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 HVAC System, Alternate Centrifugal Chiller
System, and FY1975 Base Case System: Results of these

comparisons are summarized on the three (3) Systems Summary
Sheets attached hereafter.




TOTAL BUILDING SYSTEMS COMBINED PERFORMANCE SUMMARY

DESIGNED CONFIGURATION

RECIPROCATING CHILLERS - FULL BUILDING ENERGY FEATURES

Statistic

Present Scope

HVAC 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-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.

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
717,208

I-10

Report Page Number
Statistic References

RN WM
(IV-11)+(V-11)4(VI1-9)

VII-2
VII-2
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V-11
V-11
V-11
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+
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+
.+.
+

IV-11

Iv-11
Iv-11

Iv-11
Iv-11
Iv-11

V-11
V-11
V-11

VI-9
VI-9
VI-9

+
.+.
+

+
+
+

IV-11
IvV-11
Iv-11

V-11
V-11
V-11

+
+
+

VI-9
VI-9
VI-9

+
+
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TOTAL BUILDING SYSTEMS COMBINED PERFORMANCE SUMMARY

ALTERNATE NO. 1 CONFIGURATION

CENTRIFUGAL CHILLERS - FULL BUILDING ENERGY FEATURES

Report Page Number

Statistic Present Scope Statistic References

HVAC Systems Parameters

Area: 42,200 SF IV-2)+(V-2)4(VI-2)
Tons: 420 IV-4)+(V-4)+VI-4)
SF/Ton: 100
Annual Operating Cost: $ 65,087 (IV-27)+(V-25)+(VI-9)
Annual Op. Cost/SF: $ 1.54
Annual Maintenance Cost: $ 12,000 VII-6
Construction Cost: $ 752,900 VII-6
% of Design Constr. Cost: 100%
Constr. Cost Difference: $ 0.0 VII-6)-(VII-2)
Annual Op. Cost Diff.: $ 5,062 IV-27)+(V-25)+(VI-9))-
IV-11)+(V-11)+(VI-9

Design System Payback: 0.0 years VII-17
20 Yr. Cumulative Cost: $2,431,364 VII-8)
Cumulative Cost Diff.: $ 91,217 VII-14)
HVAC Energy
KWH/Yr. 1,261,817 IV-27)+(V-25)+(VI-9
DOE RUF MBH: 14,639,178 IV-27)4+(V-25}+(VI-9
DOE RIF MBH: 4,307,200 IV-27)+(V-25)+(VI-9
BTU/SF/Yr. 102,066
Energy Increase

from Design: 107%
Energy Reduction

from 1975: 41%
Non-HVAC Energy
KWH/Yr. 7,686,513 IV-27)+(V-25)+(VI-9
DOE RUF MBH: 89,163,546 IV-27)+(V-25)+(VI-9
DOE RIF MBH: 26,234,068 IV-27)+(V-25)+(VI-9
BTU/SF/Yr. 621,660
Total Building Energy
KWH/Yr. 8,048,330 IV-27)+(V-25)+(VI-9
DOE RUF MBH: 103,802,724 IV-27)+(V-25)+(VI-9
DOE RIF MBH: 30,541,268 IV-27)+(V-25)+(VI-9
BTU/SF/Yr. 723,727

I-11



TOTAL BUILDING SYSTEMS COMBINED PERFORMANCE SUMMARY

ALTERNATE NO. 2 FY1975 CONFIGURATION

RECIPROCATING CHILLERS -

BASIC BUILDING DESIGN

Statistic

Present Scope

HVAC 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:
Curnulative 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.

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
33,408,451
793,802

I-12

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

VII-10)-(VII-2)
IV-43)+(V-39)+VI-18))-

IV-11)+(V-11)+(VI-9))
VIII-18)

VII-12
VII-15

IV-43
IV-43
IV-43

V-39
V-39
V-39

VI-18
VI-18
VI-18

+
+
+

+
+
+

V-39
V-39
V-39

VI-18
VI-18
VI-18

+
+
+

+
+
+

IV-43

IV-43
IV-43

IV-43
IV-43
IV-43

V-39
V-39
V-39

VI-18
VI-18
VI-18

+
+
.+..

+
+
+
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WEATHER  SUMMARY
Site Name : AURDORA,IL FERMI, User Defined Date : 11-07-87
3K KK K R K0 KOk KK KR K K K K 0K K K K K K KK KK OK OK 0K 0K 0K KOO KR RO R o Rk R ok kR X
TAELLE 1. SITE DESIGN WEATHER DATA

Latitude = 42 deq. Elevation = 744 Feet
Summer design dry bulb = 93 F Winter design dry bulb = ~-b& F
Summer design wet bulb = 7& F Daily ranqge = 20 F

KKK KK K 3K 00K R K KK 0K 0K KK KRR KR K R KK IO OO OO O RO R R R KKK KKK
TARELE 2. FPEAK SOLAR GAINES (Btu/(hr-sgft))

i Month J N NE E SE =] SW W N H i
Vo dJanuary ] 5.6 13.2 107.4 173%.8 189.1 173.8 107.4 2.2 107.6
odJuly ' 17.1 144.7 1892.6 148.8 88.4 148.8 189.6 144.7 264.5% |

Carrier peak solar data used.

Values corrected for altitude ( 744 ft), design dewpoint ( &9.3 F)

% Available Sunshine : Average data: Summer = 73 % 3 Winter = 35 %
1SS0S 082588038083 282 30830330 83¢8 3083038333023 00 83032038083 008:
TABLE Z. OCCUFANCY SCHEDULE DATA

J H Sun ; Mon H Tue H Wed H Thu H Fri H Sat :
i Begin | OFF H 7 A H 7 A H 7 A H 7 A i 7 A H 2 A H
i End ; OFF ; & F H & P | & F ! 5 F | & F ; 2 F |

Average occupancy @ 10.0 hrs/dav: 6.0 dayvs/weelk

Number of summer shutdown davs = O

3K KK KKK RKOE 0Kk Ok R K RO OR CEOROE R ROK R R SOk R R E0E 300K K 0k K K0k ok 30k 0K K0k 3k Rk k 30kOk ROk K KO0k Rk
TABLE 4. TEMPERATURE BIN DATAH

; BEin ; Bin H Bin H Bin Hours (hr/vi) H
i Dry ' Wet i Specific o e e o o e e :
! Bulb Bulb P Humidity Total i Doccupied i Unoccupied |
H {F) : (F) H {lb/1hb)} H Hours d Hours ; Hours :
: QI H 7&E.0 1 GL.0183 i (RS i Q.0 ; Q.0 :
: QO i 71.8 H O.0124 i 4.4 H 25.8 i 14.6 :
1 5 : &EF .0 i Q.0114 i 9@5.7 i 59.4 ; 6.5 :
! =1n i &EH D i 00106 H 244.6 ! 145,73 H 7.3 !
H 78 H LS. b : QL0093 i 405, 0 H 25707 i 215.3 H
: 7O i &0 .7 H OO0 i L£28. % ; 27006 i 287 .6 :
i 65 i o8. 2 H OL.0O0B7 ; T27.8 i 264.5 i 467035 H
! &0 i 25.4 i QL0083 i 755.4 i 255.0 : 500.4 H
: a5 i 82,7 H 0.0079 i 726.7 : 244.7 i 482.0 !
; 50 i S0.0 H O.0076 i 679.7 i 232. i 447 .6 :
i 45 | 45,0 1 O.0063 : 6a2.2 1 229.5 i 422.7 H
' 40 i 40,0 i O.0082 H 6S1.7 : 237.6 H 41%5.7 H
i g ! Z58.0 ; O.0047% ; 6HG.5 ; 238.95 H 417 .0 H
] Z0 H I0.0 ] QL0028 ! 639.6 ] 218.2 H 417 .4 H
; 25 ] 25.0 } 0.0028 i S869.7 i 174.5 ; I95.2 i
H 20 ! 20.0 ] 0.0022 ; 459 .7 i 122.4 ; 3136.9 !
H 15 i 15.0 : 0.0017 . 30,9 : 78.1 ' 252.8 ;
i 10 ; 10,0 H 00017 ' 211.8 4 446.1 i 163.7 i
; 5 ; 5.0 H QL0010 : 121.4 i 25.1 H PéHLE H
: 0 H 0.0 i QL0008 H 6I. b J 12.7 ] 0.9 1
: -~ ; -5, 0 ] QL0000 ' 1.5 : &2 ; 289,37 :
H -b : & . ﬂ ; L0006 i 28.7 ' 4.4 H 21.1

; —~& i ~é . : L O00& ' Q0.0 ! 0.0 ! 0.0 :
##**#*#*#****#**#**#*##**********#*#***********************#*#**********
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, BIN HOUR PROFILE
Site . AURORA,IL FERMI, User Defined  Summer Dry Bulb = 93 [
Date ! 11-83-§7 Winter Dry Bulh = -6 T
Daily Range = 28 F

360

760
H 600
/ 500
R 400
B 300
N 200

166

i

|
|
|
|
3

15 23 3% 4
BIN TEMPERATURE, (F)
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FERMILAE D—0G EXFERIMENTAL FACILITY

SITE MAIN RINMG LaAKE COOLING DATA

21 OCTOBER, 1987
ANALLYST: S.F.ERSTULOVICH

FERMILAER CONSTRUCTION ENGINEERINMNG SERVICES
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Iv-a.

FERMILAE D-O EXFERIMEMTAL FACILITY
SUBCONSTRUCTION L/3 — COLLISION AND ASSEMBLY HALLS
EUTLDING SECTOR FHYSIOAL FARAMETERE AND DESCRIFPTION

21 OCTORER, 1287
AMALYSET: S.F L ERSTULOVICH
FERMILAER CONSTRUCTION ENGINEERING SERVICES



COMFLEY BUILDING INPUT SUMMARY
Building Name @ DO SUBCONSTRUCT 173 Date : 11-16-87
Site @ AURORA, IL FERMI, User Defined HOLIT7BEE.0
1S322 ESSES ISR ETSO SRR RRERRERERRR RS REO DRSS
1. ROOM COWNDITIONE AMD FLOOR AREAS
Thermostat settings @ Cooling = 78 Fi3: Heating = 68 F: Setback = O F
Warm—up factor = O %y Room design relative humidity = &0 U
Floor fAreas: Ferimster = 24,400 Sogfty Interior = GoSBogft
Cooling pr ided during uncocupied period.
2. WALLS, ROOF, GLASS, SKEYLIGHTS:
Rrea U-Factor Glass Area Glass U-Factor
Exposure (Sgft) BTU/ (hr—saft—-F) (Sgft) BTU/ (hr—sgft—-F)
MNorth Wall 1,300 0.180 100 1
Northeast Wall Q .180 O 1
East Wall 2,100 0.150 0 1
Southeast Wall 0 0.180 0 1.130
1
1
1

South Wall &, 600 . 150 O
Southwest Wall 0 0. 1580 0
West Wall 2,800 150 0
Morthwest Wall s £y, 150 O 1,130
Ferimeter Roof 14,3200 U (.
Interior Roof K 0,
WALLE: Color = Darky Wi,
BUILDING WT. = Msdiuwm;
Shade Factors @ G1as
Intermal shades are not
. LLIGHTS .
Ferimeter
ITmterior @ 0,
Diversity Factors
Farimeter Liqht%
Interior L3

LL]U? = Mediumg W, = Medium
nuln Glazed
o GO0

plemum ia not used,

TELEOO Watts Total
O Watts Total
Umocouwpided = 100 %W

SOEL ELETTRILE
LFTAmtfP! H U( TR L e
Unoocoupisd =
Interior Gccupi@d Total
Limeas sl = O Watts Total
4. FEOGRLE LOADS
Total Occupancy = 2,440 sttt/ /person = 10 people total
Activity Level: 4. Medium work
Sensible = Z295.0 BTU/hr/persong Latent = 43535.0 BRTU/hr/person
Diversity Factors : DCCUPlt ..... = 70 W UrurLupsPd R A
6. MISCELLANEQUS INTERMAL LOADS:
Sensible : Occupled = O BTU Ry Unoccupied = Q BTU hr
Latent : Occupied = 0 HTUKhr; Unoccupied = O BTU e
7. WalLs AaRJACENT Tﬂ NUNwLOMDTT]ﬂHFP G T OMNS
Wall Areas = L, 2 SBoft: Interior = 0 Sgft
Wall U~-Factor = Ou o BTUA (he-s
Adiacent region heating temperature = &0 F
Adiacent region cooling o F
g INFILTRATION DSTH:
Air Flow Rates: Oooupled = 200 ofms Urnocoupied = 100 ofm

Total
Total

~FG
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IV-b.

FERMILAER D-O0 EXFERIMENTAL FACILITY
SUBCONSTRUCTION 1/% -~ COLLISION AMD ASSEMELY HALLE
BUILGING LOAD CALCULATIONS
1 QUTOBER, 1987
ANALYST: S.F . ERSTULOVICH

FERMILAE CONSTRUCTION ENGINEERING SERVICES
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LOAn FROFILE SUMMARY
Building Mame @ D-0O GUBCONSTRUCT 1/% (Complen:) date 1 11-1&-87
Site Mame : AUROKS, TL FERMI, User Defined HOL17EED O
LSS S S S ESESEEER LRSS EEEDEERESESSESESS PSS EEREEEEREEERB DG
TaRLE 1. QCDUFIED FERIOD (Load dos mot include vent., load, fTan heat)

Ein Eirm e e = P i ma e Fon@ el e e e T e Ly g e —— 2
Temp Hours Sernsible  Latent  Flenum Zone Sensible Latent Flenum Zone
{(F) (Fr/yr) (tons) (tons) {tons) (F3 {tons) (tons) (tons) (F
9= 0.0 .25
QU 25.8 E9L5E
g5 52.4 I7.468
a0 145. E5.84
75 2% E4.00

Vi all et -
70 270, 32415

0.0 78 .00 Q.00 0,00 o
G.00 78 0,00 0,00 0.
.00 78 Q.00 QL 00 Q.00 -
OO0 78 0,00 O L.00 0. 00 -
O.00 73 Q,00 O, 00 0,00 -

GL.O0 78 Q0,00 QL 00 O.00 ——

nooe A

&S 264.5 I0.31 0.00 78 QL1000 OO0 Q.00 -
&0 285,

55

-~
-’

<

28.47
2H.67

24078

e

21
190536
17.
SBLET
1EL7ER
11.8%
1, Od

O.00

L 00 OO0 O, 00 ——
O, 00 OL 00 0,00 e
O, 00D

»
{

o

o

it

by, O

ioRlor

o

N

[l ol

(SIS
€1, 01

R N

TAMLE . UNOCCURTIED

QO 14 .8
85 D6 E

Qi

7 e

L

|81
&
o
S
o b

OO0
QL 00
QLG
0,00
O, 00
GO0 78 O 00
.00 78 O, 00
Q.00 78 03, 00
GO0
G, 0

n

r

b
~ N

(‘_n B
I
.
~

i
Lo
[SERE A N

Y
i o8
o
i}
4

od

Iv-4



SOLAR GAIN SUMMARY

Building Name : D-—0 SURCONSTRUCT 173 (Complex) Date : 11-16-87
Site Name : AURDRA,IL FERMI, User Defined 60117862.0

TARLE 1. SOLAR GAINS BY EXFOSURE

Bin Solar Gains by Exposure
Temp (BTU/ (hr—sgft)) Ferim Inter
(F) North NE East SE South SW West NW Horiz Hori:z
% 13.0 I0.4 47 .4 33,6 S50.4 74.4 56.9 27.5 0.0 Q0.0
PO .2 21.5 3.6 8.1 5.9 92.9 40.4 19.5 Q.0 Q.0
83 8.8 0.4 2.0 6.3 Z4.4 50.5 iB.6 18.5 0.0 0.0
80 8.7 19.3 TOL3E 4.6 I2. 48.1 I6.7 17.5 0.0 Q.0
75 7.8 18.2 28.7 2. 1.4 45.8 4.9 16.5 0.0 Q.0
70 7.4 17.1 27 .1 1.2 29.9 I.4 I3.0 15.5 0.0 0.0
6S &5.9 16.0 259.4 29.4 8.4 41.0 31.2 14.5 0.0 0,0
&O 6.5 14.9 23.8 27.7 27.0 IB.6 29.3 12,5 0.0 0.0
55 6.0 .8 22.2 26.0 25.5 T6.3 27.5 12.6 O.0 Q0.0
20 5.9 12.6 20.5 24.32 24.0 TELG 25.6 11.6 G.0 0.0
43 S.1 11.5 < 22.5 22.9 1.5 25.8 10.64 QL0 (e
40 4.6 10.4 0.8 21.0 9.1 21.9 2.6 0.0 0.0
38 4.1 F.3 19.0 12.5 26.8 2.1 8.6 Q.0 0.0
20 He7 8.2 1773 18.0 24.4 i8.%2 7.6 0L L0
25 .2 7.1 13,6 1609 22.0 16.4 b.6 0.0 0.0
20 2.8 &0 1z.¢ 15.0 19.6 14,5 9.6 (S 0.0
1% 2.3 4.9 1201 1.5 17,3 2.7 4.7 0.0 0.0
10 1.8 .8 10,4 12.0 14.9 10.8 .7 0.0 Q.0
3 1.4 2.7 8.7 10,6 2. E Q.0 2.7 0,0 0.0
0 0.9 1.6& &E.F Z.1 10.1 7.1 1.7 LG 0.0
-5 0.4 OLh 5.2 7. b 7.8 S.3 0.7 OO Q.0
—~& 0. 0.2 4.9 7.3 7.E 4.9 0.5 Q.0 0.0
—& a0 0.0 O, 0 £, 0 0,0 0.0 OL0 Q.0 Q.0
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ETD SUMMARY

Building Mame 1 D-C SUEBCONSTRUCT 173 (Complesx) Date : 11-16-87
Site Names : AURDORA,IL FERMI, Ussr Defined HO117862.0
(S22 0882822220 RS SRR LRSI SP SR RRERRNseeeeess st ee
TARBRLE 1. QCCUFIED FERICD

Bim Equivalent Temperature Differences (F)

Temp By Exposure Ferim Inter
{(F) North NE East SE South SW West N Roof Roof
I 8.0 29.8 27.0 20.7 10.% J0.4  ——-—-
0 5.4 20.8 i8.9 14.4 7.0 21.7 e
85 1.0 15.7 1Z.9 9.6 2.5 16.4 ——~——
80 ~3.4 10,5 8.9 4.7 ~2.0 1.1 -
75 ~-7.8 9.4 3.9 -0.1 -&£.5 5.8 -—--———-
70 —-12.2 0.2 —-1.1 -4.,.9 ~10.9 0.5 m————
&3 -16.6 4.9 -6.1 -2.8 -15.4 ~4.9 ————
6O -21.0 -10.1 -11.1 —14.6 -19.9 ~-10.2 —=——-

[

PRSI I W RN I T

P
el i B
o

i
[
B

S5 -25.4 -23. ~1%.2 ~-16.1 -19.4 -24.4 =—15,5 ————v
50 -29.8 -Z2H. ~20.4  =21.1 =324.3 -28.8 -Z0.8 ~--—-
45 ~Z4.32 -ER ~EH.5 -R6.1  ~29.1  -33.T -26.1  ————m

1
.
o7

40 -38.4  -I7.
TE 43,0 -41,
IO ~47.4  -46,

-Z1.1

4
8
8
3
8
4
1_7
4
|:?

P

DE [ [, e e e e R e st e e e i i e e e e s o s
: (::. JEENER— JEOOUR R — [ —— e v [ — s o e o et PSSR R s oo s o e s s e rerne e e e v oo e
R - [ J— I
i¢ ~-84.% -54.5% 54,1 -~51.9

3 -89.3  -5%.0 -88.7 -56.8

0 =67 -63.5 —&TE.T ~61.7
~E =6B.1 —68.1  -&7.9  —bHé&.b
—& &R0 —6F.0 ~6B.B  ~&7.5
TARBLE CUFIED FERIOD

S0

7.8 .5 1é&.4 2.8 12.9 14.4 7.0 21.7 e

8o 4.9 11,8 18.7 12,9 Yeb 2.5 16.4 ————-—

B = 0.x Eub 1.5 8.9 4.7 2.0 O R

7E .8 —4.3 .4 I.Y -1 —=& .8 G.8 ————-
~y

1
70 LI -B.9 -T. ~1.1  =4.% -10.% T
&5 B -13.5 8. 4.5 =b.1 =58 -15.4  —4.9 ———e-
60 ~Z ~19.3 -18.1 =13.0 -10.1 =-11.1 ~14.6 ~19.9 ~10.2 =——=—-
55 -22.7 ~17.9 =15.2 ~1é6.1 =-19.4 -24.4 ~—15.5 ———e-
50 -2 ~-28.4 -27.3 -22.8 -20.4 -Z1.1 -24.2 -28.8 -20.8 -———--

45 et e R S — e e e e e e o o o i e e s s s e s s s
[y e e [ s s st s oo RSSO S JEOSRRE S, oo et o o e o et o e v s s e [N,
:‘:5 ______ RPN o bt s srery i s e saene s e veaes e oo i easan et samar oo oo e e toome e s sreee et mam e is e oon et o s o dantn ess teres e
=0 OR— S, S S e v e . e e e e [ — e e e e e R

25 —-41.8 -—-41.0
20 ~46.2 45,95
18 -50.5 —50.0
10 -34.9 -54.5
9 -59.7 -5F.0
G =637 —6ELE
-3 —-&B.1 —-&H.1
—&H  —6R.0 0 —6F.0
-&  -74,0 0 -T74.0




IV-c.

FERMILAR DO EXPERIMENTAL FACILITY

TSTON AND ASBEMELY HALLE
FORMANCE SIMULATIONS

EEIP S 8 F.‘ STULOVICH

7
TEIN ST

FerMiLak CONSTRUCTION ENGINEERING SERVITES
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IV-c.-1.
FERFITLAR D0 EAFERIMENTSL. FATILITY
SURCORSTRUCT TR
Rt T

PETON AND ABRSEMELY HALLS
BoSIMiRaTIOM

SYVETEH

RECTFPROCAT NG OHT

W TH
lEskE COOLIMEG WaTER, LAKE WaTEF
H1GH F I PRI
AUTOMAT IO LAKE WETI

MESTED AL Fak

HEST EXCHAMEER,
M CONTROLS

ST O FanNE,
JOM I ZER

4 |
BT

FERMILAE BERVICES
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OITRNFUT SUMMBRY
Joty Mams “
Eu)]dlnL R

! NI 172 (Complex) Date 1 11-146-87
...... - Def ined HO11T7R&D .0
kR Tw Heating Svstems

(S S5 S 288 2RSSR RELSEEIRS RN SSS:

MR RRRERE R E R %
Bao IR HARMDL TNG
1. FERIMETE CONSTANMT  VOLUME
Supply fan by ¢ dnclined or airfoil with inlet vaness
Supply fan total static pressure = .00 in. wg.
Return farn type @ Controlled pitoh asial
Return fan total static pressure = 1.735 in. wg.
Design supply ailrs= 42000 cfm @ &7 Fi; Vent. air= SOa0 ofm
fFAre cooling terminals used for heating 7 AY>F
Ecoromizer type @ Integrated, enthalpy controlled
Ie a ventilation reclaim device used 7 <N
Are ventilation alr dampers closed for wococcunied psriods 7 ONE
K Kok oK R ok oK o oK ok Kok KK K ok K K K K R Rk R R K R K RO R R R KR KRR R R KR RO KRR KRRk R R X
B. HEATING PLANTS
1 . PERIMETER FLAKNT @ ELECTRICAL RESISTANCE
I= rWHr(nun‘!ﬁ s 107 I
ook kRO kW SN ESSESTEEESEEESRESSES SRS ESELES SRS SRS RS ERR RS SRS S
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Job

S

[ o R, —
Soape

SYSTEM

Mame @ D-0 SURCOM 175 DESIGN SYE
1 Mame D—0 SURCONSTRUCT

AURDRA, TL FERMI, User

of Analyvsis Coolilng

.

173
Defined

=
-

te 1

IMFUT

(Comple:x)

SUMMORY
Fage 2

11-146~-87

S117862.0

Date

ard Heating Svstems

K KK O R kR A A R O R KO AOKOR RO O R OR RO RO RO R A OR R Rk Rk kR Rk R Rk kR kK

C.

¥1.

COOLING FLANTS

FERIMETER FLANT RECIFROCAT ING
Capacity @ 85 F entering water
FW/Ton @ 85 F entering water
Is hydronic cooling used 7 <Y>»
Is chilled water reset used 7
Is hot gas bypass used 7 NG
Is condenser performance altitude
Is there cone compressor psr conden

Are compressors cycled 7 <Y
Heat sink type : Opsn cooling towe

Minimum sntering water temperatu
Is a hydronic economizer used 7

Q

R

Y
Y

75.0

-.BS

tons
kw/ ton

adiusted 7 <Y
ser circuit 7

-
e 22 F
oy Economizer

= 80 %

efficiency

1 2SS S22 ESESPERNEES LTSRS RSP RI RIS RIS DRSS

.

(2SS EEFSEEEEIFLCEST LTSS FSISILELSI LTSS SRR ES

E.

1.

Ty
R

LES SO ESSEPSSEERESERRSR TS SIS SRS S

.

FLUMFING SYSTEMS

FER T MET
d1, F Lo

b &

]
H Svatem

Chilled water
Hot water
Condenser water
Ground water '

1 i
i i
] |
i 1
] ¢
1] 1]
1 i
i H

Cr, 0

B AV ST
MNORN-HVAT
Lighting
Miso. kw
Other kw 5
DHE SYSTEM

BYETEMS

EL TRIDAL EMNERGY

Ewes Docupied =
Ooocupled =

Ooocupied

(Mot lined

5

t b

i

FUEL CDETH

=1 | Feiriod :
ELECTRICAL | Uccupied | Unoccupied |
ENERGY USE (%/bwh) | (% kwh) :
0,080 |
QL0500
0,080 ]

QL0580

Compressor | H
0.05%0 }
i
H

i
Resistance |
Inductive H

Iv-10

R : i

Fo ft wg | dt. F AR, Tt owg

oy 00 ; 0 i) ;
i 0, O
]
i
i

; 3,00
:
O, (i3 '
!

0L, Q0
. D
00

Fh kg kdriixkkE

Cro
S50, G0
0y, D O .00

¥ *

bwer Unocouplied =
Unoccupiled ’
Unocoupisd = O
e )
(S S S SSEESEEE S

L §aj @
brreig

FEAFEEEE R EER XK KK

Uit Cost

2. OTHER FUELS

N

%/ therm
$/U.5.gal
$/1b

n/a
n/a
n/a

iNatural Gas
tFuel 041l
iFropane
‘Remote Heating n/a $/METLU
tRemote Cooling n/a %/MBTU



SLIRL
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Job Mams LG
Buildinog Nams @
Site @ AURORA, TL

Date @ 11-16-87

(SRS SRR RERERD LSS

i1
SR

FizMl ., User

SUMMARY

ErEREGY

Feriod : A1)
Zone 3 Blocok
Serial Mumber:
GOLI7862.0

(Complen)

............... ERR AR RO R N RO R RO OR R RO R R R R R R RO R R Rk K

HYAC EMERGY

Component
Electric (Ucc)
Electric (Unocc)
Natural Gas

Fuel 011

Fropane

Remote Heating
Remote Cooling

HYAC Total

ENERGY

MOMN-—-HYAT

Electric
Electric

Grard )
Totsl 750,

(B

VED Summary s

HVYAD Total Cost

Total HVWGE

Mom-—-Electrical

Fey:

1 kEwh

1 therm
1 5.
i Imp.
1 1h
RUF
RIF
MEH
METU

rre

gal oil
gal mil
proparne

as

iy

Fileoctrical

or Fuel
Lrits
Consumed
157091 kwh/yr 1822255 ST61S2
ETR2247 bkwhiyr Z188060 PER178
0 O therms/yr 0 O
0 O U.S5. galsyr ] 0O
O Q 1b/vr Q O
0 O MBTU v Q O
G O MBTU v Q Q

4980716

DOE RUF
{1000 RBTU)

DOE RIF
(1000 BTU)

A4ET406T
6HOBRI1Y

44678928
191.76

/B Ft. Sy

= cf Total Cost
Erneroy bwh/Sg.Ft. /v
= “oof Total Electrical Ernergy

Eores ey =, 00 Yoaf Total Eneroy

11600 BTL RUF: Z41Z BTW RIF
TOODO0D BT RUF and RIF
P and RIF
UJORUF and RIF
RUF and RIF
saurces wtilizsation factor (Source value)
Fesource impact factor (Foint of usse value)
1000 BT b
Million BTU

£ ﬁ i
RLEEO BTU
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ANMMUSL OFERATING COS5TS
Job Name @ D-O SUBCON 173 DEBIGN 8SY5 Fage 1
Building Neme @ D-0 SUBCONSTRUDT 173 (Complen) Date : 11-16-87
Site : AURDRA,IL FERMI, User Definsd &117862.0
Scope of Analysis @ Cocling and Heating Systems

AL ATR O HARNDLIMNG SYSTEMS (ANPMUASL FAN OFERATING COST = G20, 04730
*1. FERIMETER TERMINAL TYFE @ CONSTANT VOLUME
Supply fan type @ Backward inclined or airfoil with inlet vanes
Supply fan total static pressure = 3J.00 in. wg.
Return fan type @ Controlled pitch axzial
Return fan total static pressure = 1.73 in. wg.
Design supply a&ir= 42000 cfm @ &7 Fi: Vent. air= T00CG cfm
Are caooling terminals used for heating 7 <Y>
Economizer type @ Integrated. enthalpy controlled
Ie a ventilation reclaim device used 7 <IN»
Are ventilation air dampers closed for unoccuplied periods 7 4N>:
KK KK KK K K KOK 0K 0K 0K K R OK K ROK0K R K KKK KR KK KR KK K 0K KKK KKK KK ok Ok KK 0K K Ok K 30K K K0K K K K X
B. HEATING FLANTS {ANNMUAL HEATING FPLANT OFERATING COST = $498)
1+ PERIMETER FLANT @ ELECTRICAL RESISTANCE
Ts hydronic he L IR Y e
LSS 2SS 2RSS RESEEEELEEERESSREESPESEESIEERTEEPEPESEITESSEESEE LSS ST

Iv-12



FATING CO8TS

Mame @ D-O Fage 2
ildimg Mame ! 1% (Complex) Date : 11-16-87
: AURORS, TL FERMI, L Digfimed HONLIT7TBEE.D
Soops of Analysis cooling and Heaeting Systems

LSS EESES SR PESESEESES S #t*u#********?*K*******%***ﬁ**#*¥$#**#w*x*#******
Co CODULTHG PLANTE { ARNUSL GO cosT o= FO80)

Fle FERIMETER FLANT @ RECIFROCATING WATER COOLED
Capacity @ £5 F entering water = 75.0 tons
FW/Ton @ 83 F sntering water = .83 kw/ton
Is hydronic cooling used 7 <Y>»
Is chilled watsr reset used 7 N>
Is hot gas bypass used 7 <N>»
Te condenser performance altitude adiusted 7 dY>»
Ie there oneg compressor per condenser circuit 7 4Ys
Are compressors cyvoled 7 OY:
Heat sink type : (Opern cooling tower
Mimnimum HHiPIlﬁﬂ water t@mpr'xturp = A2 F
Te¢ & hydromico tY X i
KAEK R EE A Ry s
. FUMFING SYSTEM

om0 BOOA
) ; KA EERER EXEAXEXEXNEFE XK
F ‘HH‘ OFERST H"h = £Z44)

! ]
13 i
; G ;
i i, 10 i
H [N H
} f*kii ...... FERREE AR K
= 47 0T

—:.f-
3z
#om em e -n

¥ ¥ E K :
k. T'a WINES H V &0 'T k
sl NORN-HYET

e

[P
o kw
Dl ki

ETEM

*#%*#4 fff EEEES *%%Hlﬁiﬁi*iui

PR FEAA K AR
AT f—*f‘““l S

Bl Wwin H
PoOoocupised | Unocowpled |
ENERGY U.4 ' ($/bwh) (i 4 lwh)

Matural Gas ; nsa £/ therm

e SR U T S W A} : n/a $£/U.5.0a81l
i Fropans ; n/a $/1b

0, QS P TRemote Heating rn/a $/METU

. : ‘ = Cooling nsa $/METL

Compressor | L0550 0L D80
Fezistance |

1

4

ITnductive

IVv-13



TG FLANT

i D=0 LODESTER SYE date ¢ 11-16-87
Mame @ D Sl INETRUCT 173

SoiComplen) Serial Mumber:
¢ BURDEY Defined GU117BCE. O

Eim No Interior Zonge Exiete

Mo

Ferimetor Coo!
il Looadd I

FE R T (O o oo o e e e e e e e e e e
S4.0
Q7.9

o 24 176.1

Z71.1 e & 1ns.4

lig.0 1.1 14.8

3 0, O (W]

N R

Nt

-
-

o N

i ohroon i

».

Y
'
<

R O R ]

i
'
1
' o
1
1
i

Total

i
i
i
P
i
s
i
i
i
i
i
il
1
1
i
1
|
+
]
¥
'
¢
]
'
t
i
H
i
t
i
‘
]
EH
i
i
1
)
i
i
i
¥
]
i

i T

o

~N DO R B

£l
1o
“t
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FERﬁﬁleh HFﬁTldu FLAKNT CO8TS
Job Mame @ D0 SUBCON l'“ j Y
Building MName @ D-0O QHP
Site Na SURDFRS , T

Date : 1l1-16-
(Complesx) Serial Numbwr:
Defined HED11784&2.0

Bim Bin ; Coil i Frimary Flanmt oo Auxiliary Flant Used
Temp! Hours | Load tOutput Input Cost }
(FY I hr/yr MEH v MEH EW A !
e i v e e = QUL TED PERTOD e e e e e e
GO 25.8 1 3.0 Q.0 0.0 O.0
85 | 529.4 3.0 0. QL0 0.0
80 1 14%.3 | 0.0 | Q.0 0,0 QL
TS 0 237.7 0 Q.0 SR 0,0 G0 g
O L 270.6 0 Q.0 0 G0 OL 0,0 4
&ED ) 26405 0 1.0 0.0 0.0 0.0 |
&HO 1 28B.0 0.0 0,0 O,.0 0.0 1
55 |+ 244.7 | .0 0 [ 0.0 0.0
S0 ) 2TZ2.1 0 0.0 3 .0 Q.0 0.0
507 229.5 4 QL0 0.0 (A 0.0
40 : & G 0, 0 I AL
R S0 QLG CraG
0 2 SIS Q.0
; 5o Cra e G.0
H 4 SIS I QL
i 1 I SIS R
I 1 R AT IR R
S 1 Chath .0
(I 7o a8 S.4
-3 R &E7 .S .l
5 & Fh.1 ; ; 3 .11
1 Costs $1&.5 4
atv s 4t e o1 st resee Abehe soers sures Senre Seems mia Fisre Seein 4ivin Sered SAERR SRRRR ShRR SRRSS o i B St e oo e e e o s L“ J L ”‘.. ] r D l:' E.'_' F,‘- ’[ i“| D tree smvo saoen 12me 2o S2me e 2210 Sres s Srvin e Sens e e e o e oo b st 2o wri
; 14. ] GG 0L 0 QLG [
: ShWE L 0.0 00 L0
o A RIS B i 0 e, 0 ST E I
TH O Z1n.T 0 QL (R GG O.0
oo BEVLE G Crat GLG Cr, 0 0.0
&S 44 g (I B £y, 0 0y, 0 £ :
&G H Gl (4l 0,0 QL
55 : I 0.0 £, 0 (I 0,0
d & L (SR 0.0 S I
| 7o L 00 0,0 L I R
; 7 0.0 ) 0.0 0.0 Q.0 |
H L QL 0.0 0.0 0o
: 4 4 .0 0,0 0.0 0 H
i 2 03 SIRO I Q.0 (SIS Gay |
H g &0 &L 29.5 4
H a8 | 44,0 | 4.4 1ad.1
: 7o 9.1 5.1 4.9 |
i I SS.6 55.6 78.4
i 7 TE.1 0 TE. 5.8 |
H 300 88.6 | 83.6 Ia. H
: 1 FL.9 qL.9 28.4 1
= 401,00 |

IV-15



FAN aMND FUMP COSTS

Job Name : D-0 SUECOWN 1/ DESIGN SYS Date @ 11-16-87
Fuilding Mams : D-0 SUBDONSTRUCT 1/% (Complex) Serial Numbers:
Site MNams : AURDRA,IL FERMI, User Defined HQL1IT7B&2.0
Bin | Bin i Ferimeter Fans H Mo Interior Zone Al Pumps
Temp Hours | Input Cost ; Trput Cost
(F) | hr/yr ! R E v | : kW £/yr
i e e e o e e QYT DU TED S FER LD e e e o e e e
GO 25.8 | 45.8 S9.0 : &3 8.1

¥
i
1
i
1

1 ) 1] i

83 | 59.4 | 45.8 135.9 | i 6.3 18.&
80 | 145.% | 45.8 KR ; i o 45,5
VA 23I7.7 4 45.8 i j 6.7 74.53
70 ! 270.6 | 4%.8 H ' &L 84.8
63 264.5 | 45.8 ' | Q.0 0.0
60 255.0 45.8 | ! Q.0 0.0
55 244.7 | 45.8 H ' 0.0 0.0
S50 22, H 45 .8 ' | 0.0 0.0
45 | 229.95 45.8 | ! Q.0 0.0
40 | 2I7 .6 4%, 8 H : 0.0 G.0
e 2Z8.5 45,8 H ' 0.0 0.0
2000 2ig.2 | 45,8 ! ! 0.0 0.0
28 174.3 | 4%, 83 : ' G0 (W
20 4 122.4 45 € | ; 0.0 Q.0
15 | 78.1 | 4%.8 i ! L0 Q0.0
14 4 44 .1 4 45.8 i H O.0 0.0
S0 2541 0 3.6 ; ! 0.0 0.0
Q 2.7 1 45.8 H H 0,0 Q.0
-5 | .2 45,8 H ! 0.0 Q.0
—-& 4.6 | 5.8 ! i 0.0 G0
Total Costs H $271.4

CUFTED PER T D o oo o s oo o o o o e e o e
&G 4.6
&3 11i.4
&k Zi.1
& &7 .4
0.0 OL0

14.6 3 45.8
RICTC I 45.8
i 45.8

218.7F 45.8
2B7.6 4%,8

252.8 4%5.8 78, 0.0 0.0

S e B 0RO

65 467035 45,8 Cra 0,0
&HO SO0, 4 4505 0.0 GO
a5 482.0 ) 45,8 G, 0 0.0
S0 447 .6 4% .8 Cr, 0 0,0
45 422.7 | 45,8 0,0 0.0
40 412.7 | 45.8 0.0 Q.0

) 45.8 O.0 Q.0
0 417.4 | 45.8 FEG.0 G.0 0.0
25 Fe5.2 | 45,6 04, 0.0 a.0
20 J356.7 ) 45.8 770, OL0 0.0

'

i

H

'

;

'

)
i
i
1
1
i
i
L
i
1
]
i
1
|
1
1
I
1
;
:
500 417 .0
§
)
1
1
d
:
i
:
'
s
)
1
!

10 165.7 5.8 279, Q.0 QL0
3 Q6.3 45.8 220, Q.0 0.0
0 0.9 45.82 116. Q. 0.0
-2 25.3 45.8 o7 . Q.0 Q.0
-5 21.1 45,8 48,73 0.0 0.0
Total Costs gL e $114.5
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COOLING COIL LOADS
Joh + D-@ SUBCON 1/3 DESIGN SY$ zone | Block
Bglldtng » D-@ SUBCONSTRUCT 1/3 (Complex) Period | All
Site . AURORA, 1L FERMI, User Defined Date  11-16-87

i { i 1 i i ] i i | i | i {

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

Iv-17




IZ = b D<A

Buildinz
Site !

COOLING PLANT INPUT POWER
Job © D-@ SUBCON 1/3 DESIGN $Y$

. D-@ SUBCONSTRUCT 1/3 (Complex)
URORA, [L FERMI, User Defined

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

! i i i ! ] ] 1

3.2 33 4 3
BIN TEMPERATURE, (F)

| 1

65 75 8 95

Iv-18




COOLING PLANT OPERATING COSTS
Joh : D- 9 SUBCON 1/3 DESIGN SY$§
Bui 1din g D-8 SUBCONSTRUCT 1/3 (Complex)
Site . RURORA, 1L FERMI, lser Defined

Zone |

PEPIOd
Date |

Block
All
11-16-87

i ! { i i ! { ] i | I ! ] i

23 3N 45 3
BIN TEMPERRTURE, (F)

Iv-19




PRIMARY HEATING PLANT LOADS
Joh + D-8 SUBCON 1/3 DESIGN S§Y§
Bulldlnz . 1-8 SUBCONSTRUCT 1/3 (Complex)
Site . AURORA, IL FERMI, User Defined

Zone |

Block

Period : All
Date : 11-16-87

1 [ i { i | |

23 35 4 N
BIN TEMPERATURE, (1)

ot S B T

IV-20




Site .
68,8

PRIMARY HEATING PLANT INPUT POKER

Joh + D-@ SUBCON 1/3 DESICN SYS zZone : Block

Building . -8 SUBCONSTRUCT 1/3 (Complex) Period | All

URORA, IL FERMI, User Defined Date  11-16-87

52.5-
P45, 6
0 .

K373
E J
R38.8;

122,51
K o
H15.8:

715-

0.0
135

i i ! { | i i i 1 1 1

-13 328 N 4 3
BIN TEMPERATURE, (F)

Iv-21




Site !
@

PRIMARY HEATING PLANT OPERATING COSTS

Joh + D-@ SUBCON 1/3 DESIGH SY3 zone , Bl

ock

Buildina . -8 SUBCONSTRUCT 1/3 (Complex) Period . All

URORA, IL FERMI, User Defined

Date . 11-16-87

¢ 175

§ 150
123

188
7

24

25.

-23

1 i ] : i ] {

-13 3.2 N 4 5
BIN TEMPERATURE, (F)

IvV-22




FAN OPERATING COSTS
Joh : D-8 SUBCON 1/3 DESICN $Y$ zZone . Block
Buxldxnz D-@ SUBCONSTRUCT 1/3 (Complex) Period . Occugled
" Site : RURORA,IL FERMI, lser Defined Date  11-16-87

15 25 35 4
BIN TEMPERATURE, (F)

IV-23




IV-c.2.
FERMILAE D0 EXFERIMENMTSL. FACTLITY

SUBCONSTRUCTION 173 - COLLTISION AND ASBEMBELY HALLE
OFERSTIOMNSL. PERFORMANCE STIMULATION

s M HUMBER 1
MDD CEMNTRAL STATION AHU S
ENERGY FEATURED: _
HYDROWNIC F - COOLING HEAT EXCHANGER,
BUITLDING PRESSURIZATION CONTROLS,
d L ITHG HEAT CIRCUW.ATION FANS,
: ENTHALFY ECONOMIZER

ALTERNATE COMFART

CENTRIFUGAL CHILLER

WITH THE

LakeE COOLIMNG WATER, LAKE WATER FIL
HIGH EFFICIENDY MOTORS, TNTEGRATE
AUTOMST IO LAFE WaT F L ]

SETED AL Fak TRLET Ve

1787
POV TOH

FERMILAE DONSTRUDTION ERNGIMNE

CRING SERVICES

Iv-24



SYETEM ITHNFUT SUMMARY
AT 1 8YE Fage 1
TRUCT 152 {(Compls:) Date @ 11-16-87
Site @ AUF - Defined 11784200
of & P g and Heating 9
********%**#*d******* ***i#******%*x#i$*$i#m$*m$$¢$$****$iii****#******
Ao ATR HANDLING SYSTEME
lo PERIMETER TERMINAL TYFE @ CONETOHNT VOLUME
Supply fam tvpe @ Pacgkward inclined or airfoil with inlet vanes
Supply fan total static pressure = 2,00 in. wg.
Return fanm type : Controlled pitoch axial
Return fam total static pressure = 1.75 in. wg.
Design supply air= 42000 cfm @ &7 F3 VYVent. air= F000 cfm
FBre cooling terminals used for heating 7 <Y
Ecomnomizer type @ Integrated, enthalpy controlled
e a ventilation reclaim device used 7 N>
Are ventilation alr dampers closed for uwoccupled periods 7 N>
K ok ok ok ok ok oK 3K ok K K oK 0K Kk K R ok o8 ok oK ok K KK 3K o8 KK K0 00K kK KK K RO K RO R K K KKK R R R R R OK R R kR KRk kKK XX
B. HEATING FLAMTS
1 . FERIMETER FLQJK : ExEuTFILQi RESISTANCE
l* hJUIW% i

Jobh Mame
Buildimng

PN

IV-25



SYSTEM INFUT SUMMARY
Job Name @ D=0 BURCON 172 46LT 1 8YE Fage 2
Building Mams @ D-0 SUBCONMETRUCT 1/7% (Complex) Date @ 11-1&6-87
Site : AURDORA,IL FERMI, User Defined HO117REZ.0
Scops of fnalvsis @ Coolinmg amd Heating Svstems
LSS S EEEIS SRS ESRERERERESRERFESSIREEDEEE ISR REEDESDS:
C. CODLING PLANTS

1. PERIMETER PLANT @ CENTRIFUGAL WATER COOLED CHILLER

Capacity @ 85 F entering water = 75.0 tons

EW/Ton @ 85 F entering water = 0,78 kw/ton

Is hydronic cooling used 7 Y3:

ITe chilled water reset used 7 N>

Je condenser performance altitude adiusted 7 <Y

Heat sink type : Open cooling tower

Minimum entering water tempsrature = 22 F

Is a hydronic economizer used 7 <Y: 3 Ecornomizer efficiency = 80 %

Number of seguenced chillers = 2
300k 0 ok ok K 0k 80 ok ok Ok K 0K A K K R R R RO R RO R R AR O RO KRR AR Rk R kR K k%
Do FPUMFING SYSETEMS

dT, F podP, Tt owg

0, O 1 0L.00

O, 00 H Cr, OO
i

: Ll s 0L OO0 !
AR o LI OO : 0. 00 !

A H KRRt R A d S8 E okt R E KRR KRR RN F KRR A AR K
. WNORN-—HY
1. MOM-H

bwy Umocoupiled = FTARLE kw
vy Unoocupied = a0 kw

Unoooupied = .l kw

i d
SRS LSS PR EES RS SEERES S

; 5 therm
LG : U8 gal
P Fropane H n/a %/1b
]
i
3
1

Compressor
Resistance tRemote Heating nsa $/MBETU
Irmcductive ¢ TRemote Cooling n/a $/MBETU

i
i
1
+
1

IV-26



Jobn Bame
i lodie

Site @

AR TL
: 11-16-87

&
E 3

HUGD ENER

Component
(Dece)
(Unooco)
Gas

Electric
Flectric
Matural

Fuel 011
Fropane

Remote Heating
Remote Cooling

HVYAD Total

il
. Gl
1 propane
LI

P ben b bet bon

1T

METL

LES S XSS RSP ESS AT ES IR RS RRDED

i

Seri

“gp Aol

Lo

3
6

1

341

HOL1TE

O
Lrmite

Consumed
157872 kwh/yr
S7247% bwh/lye

0 O therms/yvr

.8, galdyr

) 1b/vr

0 O METU v

0 O MBTU/ v

DOE
( 100

i)

7874

FLIF 3
HUF an
RLUIF

Y RTL

L

aricl

ard
argd R
source utilization
Fesouwrce impact factor
1GOD BTU e
Million BTU

21680

factor
{(Foint

Iv-27
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RLUIF
BTU)Y (1000 BT
1BILI20

160711

538819

8 Q)
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ARkUSL, OFERATING ©

Fage 1
Date ¢ 11-1&6-87

HULI7BOE.0

Job Mams
Building
Site @ Al

Fap OFERATING COBT = F00G,0473)
=) : VMO UME
Supply famn typs @ Backward inclined o alrfoll with inlet vanes
Supply fan total static pressure = .00 in. wg.
Return farm type : Comntrolled pitch axxial
Return farn total i pressure = 1.78 in. wg.
Design supply airs= 200 ofm & &7 Fy Vent. airs 2000 ofm
fAre cooling terminals used for heating 7 4Y:
Economizer type @ Integrated, enthalpy controllsd
Is a ventilation reclaim device used 7 IN»
Are ventilation air dampers closed for unoccupied periods 7 N>
(PSS SO SIS ERNELSEEESORERTSCEERSSERRSLEELEPSLTTERITRRERIDSP DRSS
B. HEATING FLANTS CAMNKUAL HEATING FPLANT OFERATING COST = $498)
1 « FERIMETER ELECTRIOAL RESISTANDE
Te hydronico . ! I
(S S S SRS SRS EDEDE S SRS ES SRS EFESER RIS ETRSEE ISR S S

i
-

Iv-28



AMKNUASL OFERATING COSTS
Jobk Mame @ D=0 SURBCOW 172 ALT 1 8YE Fages 2
Building Mame @ D-0 SURCONSTRUCT 1/2 (Complex) Gate : 11-146-87
Site @ AURC T FERMI, tser Defined EDLLITBSEZ.O
Socope of Analysis @ Coocling and Heating Systems
S S 2SS S ERNESSESEERS eSS RN TSRS
C. COOLING PLANTS (ANMUAL COOLING PLAMT OPERATING COBT = £5EI)

Ry,

Fl. PERIMETER PLANT @ CENTRIFUGASL WATER COOLED CHILLER
Capacity @ 85 F entering water = 75.0 tons
FW/Ton @ 8% F entering water = G.78 kw/ton
Is hydronic cocling used 7 <Y>»
Is chilled water resset used 7 <N&
Is condenser performance altitude adjusted 7 <Y:
Heat sink type @ UOpen cocling tower
Minimum entering water temperature = 322 F
Is a hydronic economizer used 7 Y>> ;3 Economizer efficiency = 80 %
Number of seqguenced chillers = 2
3 ok ok oK ok ok 2k KK K 0K Kk KK KK KK KK K XK OK KK 30K Kk K K KR K K K K KOOk KRR Ok Rk kK ko Rk kR kKR KR KKk X
D. PUMFING SYSTEMS (QNHUAL FUMF OPERATING COST = $£394)
! ' PERIMETER ] i
i System ' aT, F P, fLowg a7, F i dF, L wg
i Chilled water i
i Hot watser i
P Condanser water ;
Vo Ground water i G, 00
S S S S ST SRS ST TSRS
E. NON-HVAD SYSTEMS
1. NON-HVAD ELECTRICH
Lighting kw: Oucup
Misc. kw : Urcuplvd
Other kw ¢ Cog
FE. DHW O BYBETEM (Mot wtil
IS ES RS EREEESESESDEESSEEDENS: B A .!r.***»-*)‘r,ﬁ.-.'F.**)r.?".*)f.-‘r~%..‘r.*§.**-**-***
Fo FUEL COETS (3 ; MR s F68,5%946)
1. i Feriod oxz. OTHER FUELS Umit Cost
ELECTRICAL | Cooupied | Unooouwpdied = e s
EMNERGY USE | (% hwhvy (F kwing i

14,

Lo, 00 0,00 : O, 00

t
]
Oy 3, 00 H Oy, 3 O, O
i
i
i

10,00 S, OO0 O, O (-) [als]

IR IN] ! &)
i i

T.i'C.]..I~H‘<.’f-"-1L., D.‘-EF"‘:-}TIHC, CIL.,t.",.T = 475{379)

moccupled =
nocoupied =
TOoCupied =
mﬁ

i nsa Btherm
: ; n/a $U0.5.gal
Cnmpresgmr : Q.OH0 ; L CHED i .Fyupanb : rnsa $/1b
Resistance | G G50 d QL GEO P tRemote Heating | nsa $/MBETU
Inductive i 0. O50 : ioiRemote Cooling | n/a £/MEBTU

GLO80
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e

i 118

Z270.&

[

P~

—~
LN
[ T |
e e
T o L]
[,
T
LU RN
s 0z = =
I
R R
P
T T
I N T |
— .
T D T

E RO L

i
|
i
i
t

Iv-30



Jobr Mame s
EBuildim
Site

Feimary Flanth
Ciatpat ITrmput Cost
SIS koA

Hours |

TGRS

25,
a9,
145.

e
et a

270

SQCEUR TED FERT T e o oo o o i e
.0 Q.0 0.0
0.0 (I ] .0
QL0 0.0 Q.0
0,0 Q.0 0,0
Q. 0,0 .0
0.0 Q.0 Q.0
.0 Q.0 (SIS
0.0 0.0 (
[ ] 3,0 ¢

& L, O {

AN O

®
-
)

Vot

LIS
b (O
(RIS 0.0 OO

B3 N

.. " N
7y Oy

PR ] 1740
i,

. Liw

A i - IS

SR BN
.
IS0 S ST T g v
5 > T S A U Y A T s
-
p
2
-

i
'
:
1
i
1
)
'
1
:

7

DO I G N )

41%.

-
(o

2
-~ -

417.0 O
417.4 QL0
IeS.2 il

I36. &.0 1.8 2.5

ey
Al Al .

165.
76,

A 11.8 f4.9

7

A~ 00

23.6 1605 8.4

0 S0.9 T 21.1 SI.8
-G 25.3 g88.& 26.0 Z2.

)
e

—~& 21.1 1.9 &L 2H.
Total Costs F401 .0

NN

!
P
i
H
t
i
i
]
!
i
i
'
]
i
i

44,0 2.9 16%Z.1
3
1
i
P
]
’
1
T
i
¢
i
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FaM AND PUMF COSTS
Job Name: @ D-0O SUBCOW 1/ ALT 1 8Y5 Date @ 11-1&-87
Building Name @ D-0O SUBCONSTRUCT 172 (Complex) Serial Number:
Site Name : AURDRA,IL FERMI, User Defined &01178462.0

Eim BEin ; Ferimeter Fans i Mo Imterior Zome | All Pumps
Temp Houirs | Irput Cost i H Irput Cost
(Fy herlyre (4 TY % i : (A &/ yr
B 1 I I I 1 I B e 8 o B g
PO 25.8 | 45.8 59,0 | ' 7.1 .2
85 | 59.4 | 45,8 13&8.9 | : 7.1 21.2
80 | 145.73% | 45,8 TE2.5 0 i 7.1 21.9
75 1 2I7.7 | 4%.8 5473%.9 | i 7.1 84.8
TO oL Z70.6 45,8 &19.1 i 7.1 ?6.6
65 264.5 4%.9 &EOSH.2 : Q.0 0.0
6O 285.0 45.8 28704 ; 0.0 GL0
as 1 244.7 45.8 SE9.5 : 0.0 SN
S0 0 2TF2.1 9 45 .8 axi.1 | ) 0.0
45 | S 45.8 KBS I S H 0.0 0,0
40 & 45 .8 S4ELE H Q.0 QL0
TE 5 01 46,8 548,75 : Qat 0.0
; . B 435,32 1 ! Cra Q.0
i 50 £ i i .0 Q.0
; 4 i ' ! i
: 1 : i
' 1 i : '
i 1 5 | i
d 7o X z : ;
: S 45,8 1. ; |
i 5 15,8 10, : ;
” i :

UNDCEUR TED FERT D= e e

SHil - Cr, i i,
45 7 O (I
40 7 0.0 0.0
5 0 0.0 0.0
0 0.0 0.0
25 2 0.0 Gu0

20

!
}

'

‘

]

i

]

i

i

1

i

[ [l
1;' i
i

i

1

'

1

'

1

1

[

i

QL0 G.O
0.0 0,0

(WA LD

G.O (-‘l

10

-~
s }

i =] 0.0 0,0
-5 5 0.0 L0

C.0D 0,0

& 21.1
Total Costs
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COOLING COIL LOADS
Joh : D-8 SUBCON 1/3 ALT 1 SY$§ Zone  Block
Bulldlnz D-@ SUBCONSTRUCT 1/3 (Complex) Period : 4ll
" Site . HURORA,IL FERMI, User Defined Date ; 11-16-87

1850
L 960
O .
A 750
D -
" 500
¥ 450
B .
i 300

150

S 1 | | I | i ] i ! i i 1 i i i

Br—
o I I T TR & R+ T = N, - B B
BIN TEMPERATURE, (F)

n o8B %

IV-33




b- sonder B e = ] a2 b L e gy

COOLING FLANT INPUT POWER

Joh + D-@ SUBCON 1/3 ALT 1 $Y§ Zone : Block
Buildlng » D-8 SUBCONSTRUCT 1/3 (Complex) Period : 41l

0 Site : HURORA,IL FERKI, User Defined Date  11-16-87

78

b0

nl')

48

30

28

16

G IV 1 | 1 | i 1 T { ! 1 ] H | i I 1 1

=25 -15 - B9 W 8 9

52 3% 4 5
BIN TEMPERATURE, (F)

IVv-34




Bgilding
Site .

COOLING PLANT OPERATING COSTS
Jobh © D-@ SUBCON 1/3 ALT 1 SY§
, 0-@ SUBCONSTRUCT 1/3 (Complex)

URORA, IL FERMI, User Defined

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

R | oo b

5 25 35 45
BIN TEMPERATURE, (P)

| i

5 65 75 85 95

IVv-35




PRIMARY HERTING PLANT LOADS
Job + D-@ SUBCON 1/3 ALT 1 SYS§
ngldxng . D-@ SUBCONSTRULT 1/3 (Complex)
§ite | AURORA,[L FERMI, User Defined

Zone |

Block

Period | All
Date ! 11-16-87

1 i ] 1 i

25 -15 -5 5 25 35 45 55
BIN TEMPERATURE, (F)
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FRIMARY HEATING PLANT INPUT POWER

Job  D-@ SUBCON 1/3 ALT 1 $Y% Zone . Block

Building . D-@ SUBCONSTRUCT 1/3 (Complex)
URORA, [L FERMI, User Defined

Period . Al
Date  11-16-87

L

Site |
g

52,5
P45, 0-
H3?.5-
730, 0-
122,51
K -
15,0

1.5

0.0
28

i ! 1 ] ] | ] |

I T S I S B X
BIN TEMPERATURE, (F)

-13
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FRIMARY HERTING PLANT OPERATING COSTS

Joh + D-@ SUBCON 1/3 ALT 1 §Y$ Zone | Block
Building . D-@ SUBCONSTRUCT 1/3 (Complex) Period . All
§ite | AURORA,IL FERMI, User Defined Date | 11-16-87

208

¢ 175

$ 158
125

186

-
<N

T
o ]

T vt 0 e S e T e - L)
Ero
<n

I i { i i i 1 [

I I I < B
BIN TEMPERATURE, (F)
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FAN OPERATING COSTS
Job D-8 SUBCON 1/3 ALT 1 SY$§ zone Block
Bui dlng D-8 SUBCONSTRUCT 1/3 (Complex) PEPIOd Occugled
GE Site : AURORA,IL FERMI, User Defined Date : 11-16-87

0 799
T 608
, 288
¢ 460
f .
Y 36d
R §
/ 200
B J
1 166
N

_25 -

23 3 4
BIN TEMPERATURE, (F)
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IV-c.3.
FERMILAE D=0 EXFERIMENTAL FACILITY

SURBCONSTRUCTION 172 — COLLISION ARD ASSEMELY HALLS
OFERATIONAL FERFORMANCE STHMULATION
SLTERMATE COMFARISON SYETEM NUMEBER 2
TYRICAL FY1975 DESIGN - BASIC SYSTEM

RECIFROCATING CHILLERS AND CENTRAL STATION AHU'S

WITHOUT ENERGEY FEATURES -~ FOND WATER COOLING

E1 OQUTOBER, 1987
ANGLYSET: S.FERSTULOVICH

FERMILAER CONSTRUCTION EMGINEERING SERVICES

1

IV-40



SYSTEM INFUT SUMMARY

Job Name @ D-0 SUBCON 1/3 FYL275 8YE Fages 1

Buildimng Name @ D--O SURBCONSTRUCT 172 (Complew) Date @ 11-320
Site : AURORA,IL FERMI, User Define LHOL17E

Scope of Analveils 1 Uooling and Heating 8 1
FEEKERAR AR B RN E RN RN R R A K #*******#*mm###***###i¢i$*****$*# ......... EREEEREERERRR

A. AR HANDLING S
1. PERIMETER TERMINMSL TYPE @ COMSTAMT VOLUME
Supply fan type Chrward inclinsd or airfoil
Supply fan total statilc presswre = 4,00 in. wWg.
FReturn fan type : Forward curved
FReturn fan total static pressure = 2.00 in. wg.

Lesign supply air= 42000 cfm & &7 F3 Vent. air= L0000 cfm
fire cooling terminals used for heating 7 4Y:r
AN economizer is not usesd.

Ig a ventilation reclaim device used 7 IN:»
Are ventilation air dampers closed fnr unoccupied periods 7 N>

KRR RRRR KRR AR KRR R H AR K R AR R K R KRR KRRk Rk kK kR kkk kX
E. HEATING FLANTS

1 . FFRIMFTER FLQH1 H ELEFTPILAL RESISTANCE
Iz hydronic h B
ERKERERRFE AR AR KK R S5 SES SR ESSEREEFRSEESSEESEFEEESESEERDEEDSEE S

Iv-41



=1

YEEES S

i

FERIMETER FLANT @ RECIFROC&GTING WA&TER COOLED
Capacity @ 83 F entering water = 3.0 tons
FW/Ton @ 85 F erntering water = 1.00 kw/ton
Is hydronic cooling used 7 e
Is chilled water reset used 7 N>
Is hot gas bypass 7oA

s condenser performance altitude adl
Is there one compressor per condenser oi

Are compressors ovoled TOONE
Heat sink tvpe @ Closesd circuilt cooling tower
Mimimum water temp 40 F
brvidromio el e U

[
m
[l o
R
jul
3

e

}: -

4
I TR

L

i
;-
Az
B

iio

= @

(%5 kwhd

e s e e B s B 5 i 1 s s s i s e s e e ] 4]

Compressor | :
Resistanoces | 0L 050 ;
] - t

Inductive

Fropanes
e T8

} -

i )
3 b
i ]
i [
i ]
i i

podF, Ftowg

n/a
rn/sa
r/a
r/sa
nsa

Unit Cos

Ch g 30 ;
L, 0 H
0, 0 H
O O i

EXEXERRERR

AW

%/ therm
F/U.8.gal
%/1b

£ SMETU
E/MBTU

IvV-42



L

L3y

SUMMAR

r'JTufﬁJPHJ ENER
Name : S

ldirmg

J oba

Names (Comple:s)

6
H

LCER Y
2 3

###¢%#*4*####f**#%*%*ﬂi*##*#%**##*»
Bioriia

13711
24572
O
O

27421%
491447

Electric
Electric
Natural Gas
Fuel 01l

{(Oce)
(Unooo

bkwh/ v
bEwh/yr
therms/yr
U.S. gal/vr

Fropane ) O lbsyr
Remote Heating W) O METU/ vy

Remote Cooling

HVAC Total

METU/ yr

NON—HVAL ENERGY
Electric (QOoo)
Electric (Unooo)

Total
N

Grand
Total /L

e iw]

Ratal
VoL

H¢ Suiminary §

HYAD Total Cost

S50 .

ot

Lu

Total HVAD Electrical bwhs/s

Eresroy

-

Mom—-Elesctrical HVAD Energy

by

1 Ewh = ETLE KL UORTE
1 there malt gas = BT U

1. gal o oil o= BTLE RU

1 Imp. gal oil = BTU R and I

1 1b propane = y BTU RUF dﬁﬂ HlF

RUF = Resource utilization factor
RIF = Resource impact factor (Foi
MEH = 1000 BTU M hr

METL = Million BTU

Iv-43

\.T.*
Feriood

=
H

Zore
Cerial

HOL 17
4*1144#**&kw*w¢t*ug&1w

DOE RUF
(1000 BTU)

3180893 3
QA7007EE

£t

O )
O 0
Q Q

O
(W]

2613189

1423E2%83

17913201

Ft. yr

Total Cost
L v
Electrica
Ernesray

0]
Total v 1

Tatal

Energy

value)
value)

{Source
nt of use



SO0 A, W

2.00 in. wWg.

Ll

Fi Vent., air= &HO0O0 ofm

.rllrd1@ wsed for heating T OY>
A economizer 1s not used.

s oa ventilation reclaim device used 7 Sl
Fre ventilation air dampers
#*$$*$i$nﬁ##$~ﬁ$$“

"

= clozsed for unocoupiled periods 7 OOnE
ES S S S ES TS EEESEEEESSSRELESELESEEPESEILRE ORISR S D)
{ AMNRLUF HPmlJNb FLANT OFERATING COET = £5,014)

SNOE

[ HV ATING

CEA R AR REERERA
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COOLING COIL LOADS

25 35 45
BIN TEMPERATURE, (F)

Job : D-@ SUBCON 1/3 FY1975 S48 Zone | Block
Building : -8 SUSCOMSTRICT 173 (Conplex) Period | All
Site : AURORA, 1L FERMI, User Defined Date © {1-25-47
1600
1400
Li2ge
AL0ge
E d
', 6@e-
¥ gan.
B ¥
H 4@
200
g ! ] : ]
25 15 -5 5065 15 85 93
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COOLING PLANT INPUT POKER
Joh © D-@ SUBCON 1/3 TY197% SY§
Bulldxnz . D-@ SUBCONSTRUCT 1/3 (Complex)
Site : AURORA,IL FERMI, liser Defined

Zone 1 Block
Period : All
Date : 11-25-87

163

BT

9-

73

8-

d

45-

30

b o ol e o] e b ol e Ly o)

I5-

@
-23

i i ! i I ; { | !

-13 23 3 4y 5 6)
BIN TEMPERATURE, (F)

BN
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Site
g8

COOLING PLANT OPERATING COSTS

Jok 1 D-8 SUBCON 1/3 FYi975 SY§
. [-@ SUBCONSTRUCT L/3 (Complex)
URORR, IL FERKI, User Defined

Buildin

i

zone |

81959'
¢ g0

T .

, 198
§ 6BE-

Y 450
R .
/ 308

1 15@

H J

-23

-1

-5

i

i [

5 35 35 45
BIN TENFERATURE,

55
(F)

63

73

83

95 |
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PRIMARY HERTING PLANT LOADS
Jok | D-@ SUBCON 1/3 FY197% SY§ zone  Block
guildinﬂ , D-@ SUBCONSTRUCT 1/3 (Complex) Period | All
ite |

URORA, [L FERMI, User Defined Date | 11-23-87

85 95

Iv-52




I = b XT5S M

PRIMARY HEATING PLANT INPUT POKER
Joh + D-@ SUBCON 1/2 FY1975 $¥5% zone & Block
Buxldxng . D-@ SUBCONSTRUCT 1/3 (Complex) Period | R]]

488

Site . RURQRA,IL FERMI, User Defined Date : 11-25-87

|
-

o
<n
o=

o)
L]

Lo Lt

Ly
Lo |
% 'y A,

| gl
[t
s |

i
o B
Lo~y SR o~

(=]
=

o=

i | i ] i ! i

55 65 75 85

25 3% 4
BIN TENPERATURE, (F)

95
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FRIMARY HEATING PLANT OPERATING COSTS
Joh + D-@ SUBCON L/3 FY197% $Y¥5% zone | Block
Bqlldlnz . D-@ SUBCONSTRUCT 1/3 (Complex) Period | All
" $ite | AURORA,IL FERMI, User Defined Date 1 11-25-87

glesa'
¢ 98

T J

, 198

§ 6B
/ J
v 458

R .
/ 300

B .

I 158
H s
B.

] i | ] ! i ! i i 1

-2 -13 23 3/ 4 N 6 N 8
BIN TEMPERATURE, (F)

13
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FAN OPERATING CQSTS
Jok : D-8 SUBCON 1/3 FY1975 SY$§ Zone  Block
ulldlng D-8 SUBCONSTRUCT 1/3 (Complex) Period | All
BE Site | RURORA,IL FERKI, lser Defined Date ; 11-25-87

1' 3’ 35 45
BIN TEHPERRTURE (F)

IV-55







v-a.

FERMILAR D-0O EXFERIMENTAL FACILITY
SUECONSTRUCTION 273 — MCH, FLATFORM & SIDEBAY AREAS WITH DCHW BYSTEMS
BUTLDING SECTOR FHYSICAL PARAMETERS AND DESCRIFTION
31 OCTORER, 19867
ANALYST: S.F.ERSTULOVICH

FERMILAE CONSTRUCTION ENMGINEERING SERVICES



COMPLEX BUILDING

Fuilding Name : D-Q SURCONSTRUCT Date : 11-16-87
Site : AURDRA,IL FERMI, User Defined ED1L1786E .0
1SS S S S ESS SRR REERRS SRR SRR RRRRRER RO RRSRRS RS DR
1. ROOM CONDITIONS AND FLOOR AREAS

Thermostat settings Cooling 78 Fi; Heating 68 Fi

Warm-up factor P Room design relative humidity

Flopor Areas: Ferimster 16,900 Sgfty Interior

Conling provided during unoccupled period.

INFUT SUMMARY

YL
wn

Setback = O F

a0 %

1,300

0

Saft

2

.

WALLS, ROOF, GLASS,

Area
(Sgft)

5,300

Exposure

North Wall
Northeast Wall
East Wall
Southeast Wall
South Wall
Southwest Wall
West Wall
Northwest Wall
Ferimeter Roof
Interior Roof

4,400

SEYLIGHTS:

U~-Factor Glass Area Glass U-Factor
BTU/ (hr—-sgft-F) (Saft) BTU/ (hr-sqft—F)
0.130 1.130
0O.1580 1.130
0.150 1.130
0.15%0 1.1720
0.150 1.130
0,150 1.170
0. 150 1.1720
0. 180 1.1730
O 1EG 0.880
O 0O.130 0L 55RO

O
&HOUO
QO
0
0
&
O

O
O
0
O
O
0

WALLS: Color = Dark:
BUILLDING WT. = Medium:

Shade Factors
Intermnal shades are

—

F. LIGHTS:
Ferimeter @ 2,000
Imterior : Q00
Diversity Factors
Ferimeter Liaghts
Interior Lights

4,

MISCELLAaNEQUS
Ferimeter

Imnterior .

FEOQORLE L.OADS
Total Occupancy
Activity Level:
Sensible
Diversity Factors :

L245.0

Sensible
Latent

7. WSLLS ADRJdes

Wall Areas

Wall U-Factor

fAdiacent region

Adiacent reglon

ZNT T

8. INFILTRATION DATA:

Aar Flow Rates:

Wt .

Glagss =
not wuses

ELECTRICAL
Oococupied
Unoocoupied
Ocoupied
Unoocupied =

O BETU/ hr/person;:

COh

Oococupied = S0

Mediumy FROOF 2
VERTICAL GLARS =
1.000 3 Shkylights = 0,000
d. 3 A celling plenum not used.

Color = Mediums Wt. Medium

Single Glazed
is
Total

Taotal
Q0 %

Watts/Soft =
Watts / Baft =
Oococupied = 100G %z
Ballast ., recessed
Ballast ., exposed

49,500 Watts
L9000 Watts

Urocoupied

LOADE:

= 12.727 Watte/Saft = 210,000 HWatts Total
= 4,242 Watts/Soft = FOL,000 Watts Total
= ALE4ALE L1534 Watts/Sgft = 450,000 Watts Total

“115.585% Watts /Sgft = 150,000 Watts Total
993 sqft/person = 20 people total

Office or retail
Latent 205.0 BTU/hr/person
Occupied 70 %y Unoccocupled 20 74

MISCELLANEOUS INTERNAL LOADS:
Oecupied
Oocupied
NOMN-CONDITIONED REGIONS:

Ferimete
.. .
heating

Q BTUS
G BETU/ 1

O BRTU/hrs
O BTU/ hrg

Unocoupied
Unoccupied

P -

o Ea- c?'::“::‘
EBTU/ { hr—sgft-—
temperature
1ing temperature

¥ =T

Interior

Softs
F

O Soft

£

&G

GO

o

= ctfm; Unoooupled = O ocfm



FERMILAE D-0 EXPERIMENTAL FACILITY

ORNSTRUCTION 277 — MOH, FLATFORM & SIDEBRSY AREAS WITH DOHW SYSTEMS
BUTLDIMNG LOAD CALCULATIONS

A1 0CTOR
AMSBLYET :

L, 1987

HRSTULCVICH

i~
3o -
Ren Y

FERMILAE COMSTRULTION ENGINEERING SERVICES



; 3 5%9
Mame : . bl
i#*#*#***k***i#
DCCLIFTED FER]
e Sl S I R WY o
Censible lLaternt
{ tors) {

SR

SL

ey
7,

HY

=

=

1 T
(33
—1 Ty

EEXE 4

_,._-1-.

Ein
Temp
(Fi

Howrs
(he/yrd

(ton

=3

93
QO

=
At

0.0
25.8

€9 . 4

76041
75,55
a0

O,
(&9

Q0

O

g0 145,73
75 2E7.T

70 .7()

THEBLE

7

o

26,87

.47

x\l

30 417 .4 2h.24
2% AR T 25,64
) Db"-~

AL

g "i.ritétﬁt
TEEFEEN R AN
mot

Flemum 7

s 11-1&-8B7
EOL1TEAD VD
(S S B S S B EERE S S S
ezt d

wreemm e [ LEE L GE ZOng el
Sensible Latent Flenum Zone
(tons) {tons)  (tons)  (F)

O

(F)

78
78
78
78

78
78
78
78
78
78

129.42
129.41

29,41
129.41
129.41
A1
41
AL
7.41
41
41
A1
4
41
41
4.1
41
41
41
41

DL, 04
Q.07
LSO

0,00
Q.00
1, Q0
0. 00
L OO0

£, 00

%]
O

vent ., load. fan hea

l.:) L0
[SRE1e

b 00
[SININ]
0,00
G OO0




SOLAR GAIN SUMHARY

Building Name @ D0 SUBCDNSTRUCT 2/5% (Comple:) Date : 11-16—-87
Site Name : AURDRAG,IL FERMI. User Defined &O117862.0
IS SRS SIS R SRS ERT TSR eisRettestet et ittt st ety
TARLE 1. SO0LAR GAINS BY EXFOSURE

Bin Solar Gaimns by Exposure

Temp (BT (hr—sgft)) Ferim Inter
(F) North NE East S5k South SW West N Horiz Horiz
74.4 56.9 27.5 0.0 0.0

G0 7.2 21.5 3.6 8.1 52.9 40,4 19.5 G.0 G0

85 . 20.4 T2.0 Z6.E SO.S 8.6 18.5 Q.0 0.0

19.3 0. G 4.6 48.1 I6.7 17.5 Q.0 Q0.0

MmO RO mt
[
~
s

8

=]
78 7. 18.2 28.7 RN 45.8 Z4.9 16.5 Q.0 Q.0
70 7 27.1 R R .4 TIL0 15.5 Q.0 0.0
65 6. 16.0 25.4 29.4 41.0 I1.2 14.5 0.0 Q.0
&0 &. 14.%9 2.8 27.7 38.6 L2903 .5 0.0 G.0
a5 6.0 z.8 2.2 26,0 FhHLE 27.8 12.6 0.0 0.0
S 5.5 Eab 2005 24,7 IEILG 28048 11.6 0.0 G.0O
45 S.l 11.5 18.9 P R 23 E 10.6 a0 Q.0
1a.4 17,3 20,8 29,1 21.9 .6 .0 Q.0
G.x S.& 19.0 248 20.1 8.é 0.0 Q.0

=
o
e

= 3
I RS
P

o)

24,4 ig.2 T L& Q.0 L0
o ‘ Q.0 0,0
0,0 Q.0
0.0 0.0
QL0 0,0
0, G [S IS

13

ExBERN RS
[T |
P
P
ot
e
o
o

ot
~i
.
iof
81
N
N oen g
4 foLn

s

;

3|

H
FJ
i
~J

R " I

2
o

[ O A I R O
o S ANRS R
G
}.A
el
FJ
,L.L

[
-3 Lad
I

.
~”m
~J
n

}_l.
o

.

In

N
o
a:}
"
o b3 L

- b 4.3 E.9 2.1 1G.1 7.1 (I .0
.5 2t 5.2 Faets 7.8 S.Z O 0.0 .0
0L P 4.9 7.5 T3 4.9 0.5 (W .0
L] L 3, 0,0 i, 0 0,0 0.0 0,0 0,0



ETD SUMMARY

Building Name @ D-0O SUBCONETRUCT 2/3 (Complex) Pate @ 11-1&-87
Site Name @ AURDORA,IL FERMI, User Defined HOLIT7HEE.0
S SEEESEESSESSAS SRR SRR RERESER SRS RRREERRSRR TR RDS ]
TARLE 1. OCCUFIED FERIOD

Bin Egquivalent Temperature Differences (F)

Temp Bv Exposure Ferim Inter
{F) North NE East 5k South SW West NW Roof Roof
1=Z.8 2305 29.8 27.0 20.7 10.75 30.4 Z0.4
.5 16.4 20.8 18.%9 14,4 7.0 21.7 21.7
4.9 11.5 15.7 1Z.9 ?.6 2.8 16.4 16.4
(8 ) =I 10.5 8.9 4.7 —2.0 11.1 11.1
-0, 1 -6, 5.8 5.8
-4.9 ~10, 0.5 0.3
-9.8 -15. -4.9 —~4 .9

-24,

-15.5 ~13.3
-20.8 -20.8
~Z&.1l  —26.1
-Z1.4 =-Z1.4
b7 —E6.7

RIS S R
i
o

5
9
4
-14.6 ~-19.%9 -10.2 —-10.2
4
a

I
E=H

=
i !
R

-1 .0 42,0 -42.,0
~&& .1 -47.,3 47,3
..... T -=92.86  —5EL&
-5, -~57.9 -57.9
—E —bE.2 —635L2

iy -&8.6 —68.6

~7E.9 =7E.9

.
o
.
s3I gy

-71.% .
=770 -7, =772
a0 = L) -80,2
TABLE
G 2.8
EI‘; £ 1 [ 5 - -
aa 1.3 2.9
7o 7 D4 T.E
. i -

70 10, T =TT )

&5 ~14.8 5 -8.1 -4. -4
60 -19.3 1 -13.0 -10.1 ~11
55 23, 7 -17.9 -15.2 ~1é
50 -29.8 -28.4 T -22 ~20.4  —21
45 -3Z4.2  -3IZ ~71 -27 ~25 ~26

200 -47.4  —-465.4  —45.
2% -51.8 -51.0 -850,
20 -56.2 -353.5 -54.
18 -60.5 =60.0 -5%,
10 -464.9 —-64.5% ~&4.

9 =eF.I 0 —-&F.0 —6E8

1
O =737 -TILE =T

—47 .2 -46.

SUBE SR A RN S 0 LN B S S o N
{
I
£
J o Bin Qo
i
fj
SRR MmN RY e R
|
i
j Y

i

I8
o
jaa)

|
~) O
L
4

i
o
o

i
I
}..L
e S S R O T = R S SoR Sy S

$ . 7 71,
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SYSETEM INFUT SUMMARY

DESIGEK 8YR Fa

ONGTRUCT 2775 (Complex) Date @ 1
) &g

ing and Heating Svstems

ES S A S SRS ESE PSR SRS RS RS EERERS SN

Jab Mame @ D-0 SUELDD
Rui]dinq PWame @ D0 :
ite @ AURDORAG,TL FERMI, UE@F Deef i
cops of Analysis Cramd
*»W*******H::** *
o BTR HARNGL TRHG =
fire perimeter and interior zone on sang supply fan 7 ON:
1. FERIMETER TERMIMASL TYFE @ CONSTANT VOLUME
Supply fam type @ Forward ourved
Supply fan total static pressure = 2.00 in. wg.
Return famn type : Controlled pitch axial
Return farn total static pressure 1.00 in. wg.
Design supply air= Z&000 cfm @ 55 Fi3 Vent. air= &EOO ofm
Are cooling terminale used for heating 7 <Y>:
Economizer type : Integrated, enthalpy controlled
Is a ventilation reclaim device used 7 N>
Are ventilation air dampers closed for wunoccoupied periods 7 N>

(_' fﬂ

il

T

2. INTERIOR TERMINMNAL TYFE ¢ CONSTANT VOLUME
Supply fan type 1'umrd e
Supply fan (e
Aoreturn fam
Design supply
S OMNOmL ZEr
verntilatio 2L
+‘1 |—1+1’\' (i_«m';cw

meoom .Gl dn. WO

cfm @& B Fir VMent. airs oo fm

I S
f T -anr -upiled perilods TOONE
S SESCEESSSE LSS ESESFERS

laim dovice

-

perimeter and interior PoAYE

e
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SYSTEM IWNFUT SUMMARY
Job Nams @ D-0 S[URION 273 DESIGN 3YG Fage =2
Building Mame @ D0 SQURBCOMSTRUCT 273 {(Conplex) Date @ 11-1&6-87
Site @ AURIRA.IL FERMI, User Defined AO117862.0
Scope of Analysis ¢ Cooling :

~

. COOLING FLANTS
Does one plant serve perimeter and interior

*1. BLOCE PLANT : RECIFROCATING WATER COOLED

Capacity @ 85 F entering water = 230.0 tons

FW/Ton @ 835 F entering water = .85 kw/ton

Is hydronic cooling used 7 Y&

Is chilled water reset wsed 7 <N>

Is hot gas bypass used 7 <N

Is condenser performance altitude adiusted 7 <Y

Is there one compressor per condenser circuit 7 <Y>
Are compressors cyoled 7 oAYs

Heat sink type
Mimimum =nt

I a hydronic

s BEcormomizer efficiency = BO %

: : ! ; INTERTIOR
i Bystem i i o, fhowo dt. F Pode, ftowg

QL G0 ; 0, Q0
‘ 0L, 00
H 0
4 O, 00

FRELER Rk EX RN R K

bChilled water
Hot water
i Dondenser water
Vo Ground water
EERKEREREA R R K KR E R K
E. NON-HVERD SYS
Fhoa MOM~HVED E

O, O

i, A0

LSS S AES SRS NSR RS EESESES:

Liaghting kws = S.1 kw
b : | = R
Other ke : Uocupied = 0 = 0 Lo

PE L DHW SYSTEM (Mot atil o o this , )
IS SN S SS S SRESS S EESES TS EET RS CEEEESEES RSN REELETEEEEEEEEESEEED RS
F.o FUEL CoOosTs

FURELS | Unit Cost

=1 Feriod orE. OTHEF

ELECTRICAL | UOccupied | Unocoupied
ENERGY USE | (% bwh) | (% bwh)

! ke comis Gt eest Seser AT aasmt At Sases St PAMl 003 heee Ghast et seme Srimk semen 4bMR bt MRS e WSS ot o) bhdea A et o4Ah imbs Srvan S 12 soass

H

PoiNatural Gas ; nsa $/therm

- GFuel Q011 i n/a $/,0U.85.gal
Compressor | QL.050 O G P Fropane H n/a £/1b

: : :

1 ]

¥ i

it

i

i
Resistance OO0 H 0. rm/a $/MBTU
Inductive ; 0L 050 : o, QB0 n/a $/MBTU

10

<
!



Feriod :

Bl
Mumber z
GOLITE6AT
LRSS S SES ST ESS SRS ES:
gyooor Fuasd
Umits DOE RUF FIF
Consumed (LOOO BTUY (1 BTUL )
Electric (Oco) FEEE IBT1ILE kwh/yr 44905440 IR1225
Electric (Unocc) 14547 298R5E hwh/yr 2466692 1019988
MNatural Gas W Q therms/ yr 0 o
Fuel 011 o O U.S. gal/yr C o
Fropane 0 G lbh/vr Q %
Remote Heating O O METU v 0 &
Remote Cooling 0 O MBTU v O O

HVAL Total

Zone

Da s li-1
ERERE R K E RN K&
HYAD ENERE

{3

EoE MR KKK KK E N

£

Component

b

1
b}

TRO7REE 2341210

PO~ HY AT

ENE

Electric {(Uood
Electric (U

Emeroy

,.! o

i q

* L amcd RIF
I Imp. o oil = A RIF

1 1b propane
P = wtilization factor (Source valus)
FeIF = ource impact factor (Foint of use valus)
MEH = L0 BTUS by
METU = PMaillion BTU

RUF and RIF
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S E T2 LS
B, ATR HANDL NG

Are perimsber

(HMNUML
Lo ZOME N Same
1o PERIMETER TE ETEMT “ULUML
Supply fan type @ Forward curved
Supply fan total static pressure =  2.00 in. wg.
Return fam type @ Corntrolled pirtoh axial
Return fan totel static pressure = 1.00 in. wg.
Design supply alrs= Oocfm @ 30 Fi: Vent. airs 600 ofm
Are cooling terminels used for heating 7 <Y:
Ecornomizer type @ Integrated, enthalpy controlled
ITe a ventilation reclaim devic e TOANE
Are ventilation air dampers closed for unocoupled periods 7 ONE

I

n
n

=2 INTERIOR

HE&TIN

Does

A




Job Name ¢ D-005
Buildi Name s
Site For, 1L
Scmpﬁ ﬁf Hﬂ!]
(S AR S S S8 KEKEXNKER
C. COOoL 1 ME FLANTES
Doss one plamt

****%*i*ﬁni
{aRMLESL y FHWIHD cosT = %15, 564)
e perimster and interiore TOoOYE

»1. BLOCKE PLANT  RECIFROCATING WATER COOLED
Capacity @ 8% F entering water = 230.0 tons
EW/Tom @ 83 F entering water = 0.8% kw/ton
Is hvdronic cooling used 7 <Y
Is chilled water reselt used 7 JN:

I bwpa wsed TN

1= Dndon_er performance altitude adiusted 7 <Y

L

s there one compressor per condenser circult 7 oaYs
Are compressors ovoled T 4Y:

Heat sinmk tyg : Dpen cooling tower

Flimdmom  ent i1 2

] hvn_s!’ G LG

! B TER INTERIOR !
P Syste L AT, F : LOF b dR, ftowo !

51

Chill

E. RNOM-H

H i OTHER FUBLS
ELE CAl bV Dooupied | Unoooupled | s s s s e s o o o e oo e e
S {(F/wh) (%7 bwhes toihatural Gas
T T RS ————— = T N S W

Fariod

rnsa %/therm

' nsa £/7U0.8.gal
i Fropane : nsa £710

H xPﬁth” Heating | S /MRBRTL

; Femote Cooling nsa #/MBTU

Compressar

FResistancs
ITnductive

=
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£
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R PLANMT COETES

g D0

s 111687
(Complex) : 1@l Mumbers
Defined HO117842.0
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At e

Ein |
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HESTING FLANT
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Bim
Temp !
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Flamnt Used

POutput Iﬁhut
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COOLING COIL LOADS
Job + D-8 SUBCON 2/3 DESIGN §Y§
Bglldlng . D-@ SUBCONSTRUCT 2/3 (Complex)
Site : RAURORA, IL FERMI, User Defined

Zone | EBlock
Period | Al
Date ; 11-16-87

468e

336@

13000-
0

%2599'
2000

HL568-
B .

H168@8-
288

| |
| |
| |
| |
J J

2y 33 4
BIN TEMPERATURE, (F)
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COOLING PLANT INPUT POKER
Joh + D-8 SUBCON 2/3 DESIGN SY§ Zone | Block
Bulldlng . D-8 SUBCONSTRUCT 2/3 (Complex) Period | All
Site | RURORA,IL FERMI, lser Defined Date | 11-16-97

25 35 45 55 65 75 85 95
BIN TEMPERATURE, ()
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COOLING PLANT OPERATING COSTS
Joh + D-@ SUBCON 2/3 DESIGN SY§ zone | Block
Bulldlng . D-@ SUBCONSTRUCT 2/3 (Complex) Period © All
% Site | RURORA,[L FERMI, lser Defined Date  11-16-87

gasee'
30
2500
200
156
/1068
B -
[ 500
N d

25 <15 5 5 15 25 35 45 55 65 5 85 95
BIN TEMPERATURE, (F)
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PRIMARY HEATING PLANT LOADS
Joh | D-@ SUBCON 2/3 DESIGN SYS§
ulldlnz D-8 SUBCONSTRUCT 2/3 (Complex)
URORA, IL FERMI, User Defined

Zone |

Block

Period : All
11-16-87

Date ;

870

Site
86

18,60

h@. 5@
D J
8,40

NG, 30
Ha. 28

816

g.a
-23

| ! ! i ] | ] ! i 1 1 1 ] i

5 -5 5 15 35 35 45 59
BIN TENPERATURE, (F)




FAN OPERRTING COSTS

Joh + D-8 SUBCON 2/3 DESICN §Y$§ Zone . Block
Buxldxng D-8 SUBCONSTRUCT 2/3 (Complex) Period ; Rll
g Site : AURORA,IL FERMI, User Defined Date : 11-16-8Y

5 2 35 14
BIN TEMPERATURE, (F)
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SYSTEM IRFUT SUMFAaRY v

ALT 1 BYS Fage 1
VTRUCT ! Tepw ) Date @ 11-16-87
st Defined HEOL1I78&62 .0
ard Heatin : k
‘i'#?k#*%**ﬁ**#%«i*#*i#*%####%#**#iﬁuixi***ii

Job Mame @ L0 SURCC
Building Mams @ D Sl
Site @ AURORA, TL FERMI, Lz
Soope of Anal is ¢ Doolin
LSS S SIS TSR ESSELESSES DS
Ae AIR HANDLING SYSTEMS
fire perimeter and interior zons on same supply farn 7 ON:
1. PERIMETER TERMINGL TYRE « CONSTANT VOLUME
Supply fanm types @ Forward CUFde
Supply fan total static pressure = 2,00 in. wg.
Return fan type @ Controlled pitch axial
Feturn fam total static pressure = 1.00 in. wg.
Design supply air= Z6000 cfm @& 35 F3; Vent. airs= &0O0 cfm
Are conling terminals used for heating 7 <Y:
Ecornomizer tvpe @ Integrated, enthalpy controlled
Iz a ventilation reclaim device used 7 <N>
Are ventilation air dampers closed for unoccupied periods 7 N>

g
i
»

[
]
%)

e
o

TYFE 2
ﬂmrward

TANT VOLUME
-}

= 0, Gl A, W,

SE R YMent. alrs oot m

viAiﬁﬁiﬁé

e andd interior 7Oy R

v oheating
] ) s ELECTRICH

IC f“/urcw i heating used LI
ES S S BSSESSESESSSEDEEESSEHERSEESESEEESES SRS EEEEES S TSR EERESSERD D

V-23



EYSTEM IMFUT SUMMARY
Job Mame ¢ DO SURCON 203 ALT 1 BYS Fage 2
Building Mame @ D-0 SUBCOMNSTRUDT 28 (Comple) Date : 11-16-87
Site @ AURORA, TL FERMI, User Defined HOL1I7862.0
Erﬂpe mf nhm]\ i& H melimm Tﬁd Heatinq Svstems
RS SESSESESIEEESSESCEETPESESRESEESESD

. COOLING FLQNTb

Doss one plant serve perimster and interior 7 oOY:

*1. BLOCKH FLANT s CENTRIFUGAL WATER COOLED CHILLER
Capacity @ ES F entering water = 2230.0 tons
EW/Ton @ 85 F entering water Q.78 kw/ton
Ie hydronic cooling used Y
Is chilled water reset used o N>
Is condenser performance altituds adiusted 7 IV
Heat sink type @ Open cooling tawer

Mirmimum entering water temperature = I2 F
Is a hydronic economizer used 7 4Y> 5§ Economizer efficiency = 80 X
Number Of Gequ@nced ﬁVi11€F¢ = E
FEEERE XA RS # S ELS SRS ELESSE RIS EEE RSN SY
Do PUMFING SYETEME

IMNTERIOR
al. F podfF. ftowg

(S S1Y]

ot wWa 0,00
Luﬂdu:
Gruumd
EEE RN E K
. NOM—HYSD S
1. NOMN-HYESD Flﬂﬁ
Lighiting kws

Cr O

i
¥
|
i
1
i

O, G0

wqt@r g
S 2SR S SRS RREEE

Unit Cost

s %/ therm
n/a $/U.85.gal
mns /10

I Pobed o de s o e e 1
P NE T E L

tFuel Qi1

iFropane

mrw

LL;

QL 050 i

utjmpre‘c HOE
ance | G, 080 :

1

1

Fesista o TRemote Heating n/a $/MBRTU
Indu:t1v~ PotRemote Cooling n/a £/MBTU

G, OBO ; 5, 5D

V-24
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g_x. £
) peu mw

L0
&**#**ﬁ#*i#*#*##'.*_“#i”dixiitﬂif"i#*%f#mﬁuﬁjhi*i*1****»*»*:
HVAD ENERGEY : Ereroy or Fusl

Units DOE RUF I

FIF
Consumed (1000 BTUY (1000 BTU)

Comporent

Electric (Oco) 21736 474726 kwh/vr S042828 148772

Electric {(Unoco) 1&4Em Z2971% kwh/yr ZE24742 1128753

Matural Gas £ O therms/vr 0 o
Fusel 011 0 3oUNE. galdvr O i
Fropane 8] 0 lb/vr O
Remote Heating s O METU v W [
Remote Cooling i Y MBTU v o W

HYAE Total R BB&7568 H6QF0TT

doal Eneroy

ket
therm
.5,
Tmp. qe
1 1b propane

[RER S

&8O PTU RLUIF and
FLIF = L OUFCE utlllzatxoﬁ factor (Source value)
RIF = ource impact factor (Foint of use value)
MEiH = 1000 BTU hre
4RTU = Million BTU

V=25



AMMNUAL OFERATING COSTE
Job Mame 3 D-0 5L BT aLT Y& Fage 1
Building Mame @ D0 SUBTOMSTRUCT LDate @ 11-16-87
Site @ AURDRA, L FERMI, User Defined HO11TESL2.0
Scope of Analysis @ Cooling and Heating Svst
IS SESEESSES LS LS SESSLESEESCESSESESSSESERSEIRERELEFS IS RS EESELELESRESS
A. AR HAKNDLING SYESTEMS - cosT = $10G,320)
Are perineter and Interioe Dor R o
Lo PERIMETER TERMINSL TYFE @ CONMETARNT
Supply fan type 1 Forward curved
Supply fam total static pressure
Feturn farm type @ Controlled pitch axial
Return fan total static pressure 1.00 in. wg.
Design supply airs= Z&000 ofm & 58 Fi1 Vent. airs &L ofm
Are cooling terminals wsed for beating 7 <Y:
Economizer type @ Integrated, enthalpy controlled
Is a ventilation reclaim device used 7 N>
Are ventilation air dampers closed for unoccupied periods 7 <Nk

it

2,00 in. wg.

EU

PE. O INTERIOR TERMINSL TYRE 2 CONSTANT VOLUME
Supply fam typs 1 Fo =28
Supnly fan total =

& rebturn FTar i mod

Te a

fFare wventil
KEXYE XA E XA
E. HEATIRHE FL

Dogs one pri

- SR
R oY B

B Rk kxR
COaT = $0)

o~y Rawe

s @ Anterior 7Oy

time &l
TEERE R RN AR
SHTE [ELIRISISTET

pEry Feat g

Ie i

FEENARAERRERRR KN S S S EESESESEREESSELEESREERRRSERERRS S



OFERSTING CORTES

SO Fage =2
ri
;

Joxky B
Building H
Site @ ALFRGEY, T
Scope of fArnals WL E

(S S S S ESSSSESSES S i##%#a

Co COOLING FLART

one plant

{Complex) s 11-16-8
HOLIT78AE .0

ating Systems
‘ SEIITEITE
$18,31%)

mﬁd interior 7Y

*1. BLOCKE FLANT @ CENTRIFUGAL WATER COOLED CHILLER
Capacity @ 85 F entering water = 2Z0.0 tons
EW/Ton @ 85 F entering water = .78 kw/ton
Is hydronic cooling used 7 <Y
I chilled water reset used 7 ON»
Is condenser pesrformance altitude adiusted 7 4Y>
Heat sink type : UOpen cooling tower
Mimimum entering water temperature = FZ F
Is a hydronic economizer used 7 <Y> 3 Economirer efficiency = BO X
Number of EPQHFHCEN Lh1119r5 =
LSS S SR RS R SR :**#i*#**#ih:x#:ﬁikiéi**A*i*i#$$##k##~ R kR A ER
Do FUMPIHEG SYSTEMS CEaRIL FLMP OFERATING CO8T = 5, G587
t"!q ; TRITERTOR H
; a7, F PodbPL. fUowg b

ot

i
H
]
¥
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ALT 10 8Y
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T FERMI, Us Jetined

FuUME 1

T
e

Job Name =@ DO
Building

Site Name

N

Farns Imterior

Co

Birm | Bin
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COOLING COIL LOADS

Joh + D-@ SUBCON 2/3 ALT 1 §Y§ Zone . Block
Bulldinz . D-@ SUBCONSTRUCT 2/3 (Complex) Period | All
§ite | RURORA,IL FERMI, User Defined Date | 11-16-87

466@

3560

%38@8

2560

D .

JZEBE'

M1566-

B

1060
500

| |
| |
| |
| |
] J

23 35§
BIN TEMPERATURE, (F)




COOLING PLANT INPUT POKER

Joh : D-8 SUBCON 2/3 ALT 1 SY$§ Zone  Block

Buildin

3

. D-@ SUBCONSTRUCT 2/3 (Complex)
URORA, 1L FERKI, lUser Defined

Period | &1l
Date . 11-16-87

350

Site
06

P 360

0 4
W 238

T
R 200

158

i 160
58

-23

-15

-3

3

15

23 BN 4§ 5N 6 N OB N
BIN TEMPERATURE, (F)
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COOLING PLANT OPERATING COSTS

Joh + D-@ SUBCON 2/3 ALT 1 §Y¥§ zone . Block
Buxlding . D-@ SUBCONSTRUCT 2/3 (Complex) Period  All
$ite | AURORA,IL FERMI, User Defined Date | 11-16-87
4660
83589i
%3888
2908
ﬁEBBG
%1588
/1088
B .
[ 568
Br—— 5
-2 -1y =) B3 T 8 9%

15 25 3% 45 55
BIN TEMPERATURE, (F)
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PRIMARY HEATING PLANT LOADS
Jobh + D-8 SUBCON 2/3 ALT 1 SY§ Zone | Block
Buxldxng + D-@ SUBCONSTRUCT 2/3 (Complex) Period : All

00 $ite . AURORA,IL FERMI, User Defined Date : 11-16-87

g.7¢

14,68
0 4

A@. 5@

8,40

ME.3€

B
He.28

g.1e

BIBB i ! 1 i t ] i i ! ! i ! i ! 1 I 1 i ! i i i
-3 -Iv Y v 1 2% 3% & BN 6 N 8
BIN TEMPERATURE, (F)




FAN OPERATING COSTS

Joh i D-@ SUBCON 2/3 ALT 1 $Y§ gone : Block

Buxldlng D-@ SUBCONSTRUCT 2/3 (Complex) Period ; All
- §ite | AURORA,IL FERMI, User Defined Date | 11-16-87
C

15 23 3 14
BIN TEMPERATURE, (F)
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SUMMSRY
Fages 1
Date 11~16~%7
H0117862.

Joby Neame ¢ D=0 5L
Eud lding Mame @
; o AURORS, T
of Analysil
CRMEE R KA AR A AN
Fo IR HANDLING
fire nerimoter
1. FERIMETER
Supply fan 3
Supply fan tUld] static pressure =
Return fan type @ Controlled pitoch axi
Feturn fan total static pressure =
RDesian supply airs= 2oofm @ 85 Fo
Are cecoling terminals for heating
fAn economizer is not
Is a ventilation reclaim device used 7 ON>
Are ventilation air dampers closed for uarnoccouplied periods & ON:

CER A ERE R R KE

3&{”&‘1?‘ fam 7

curvedd

ai = &EOO ofm

VOLLUME

IMNTERIGOR TERMINAGSL TYFE
Supnly fam type @ B ar
Supply fan luL
ﬁ rﬁfurﬁ Tar

Lo
g

QoL Ter LE

Te o verntilation

TN

= hvdironico
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HFUT SUMMARY

-

1 &H&-—-87

LO117B6Z.0

T o b RO (S -
Joty MName s

Euilding MName

il

Fa
(Complex) Date 1-

o

1 AURIR
Soops of b
LSS SRS ESEEEE TSRS S

C. COGLING FLARNTE

Doss one plant ssrve perimebter and interior

[
Iix

g

.
i

. g e s
Aralysis

" mating Byvstems
ESSSTESRERESRFERESDRFET SIS LS EELT RS EESE

>

*1. BLOCE FLANT : RECIFPROCATING WATER COOLED
Capacity @ BG F entering water = 250.0 tons
FW/Ton @& 8% F entering water = 1.00 kw/ton
Is hydronic cooling used 7 <Y
Is chilled water resebt used 7 IN-
Is hot gas bypass uvsed 7 <IN:
Is condenser performance altitude adiusted 7 ON:
Is there one compressor per condenser cirguit 7 AY>
Are compressors cyoled 7 ON»
Heat sink type @ Closed circuit cooling tower
Mimilmum entering water temperature = 40 F
Is & hvdromico eoonomni - i R N
S S EESESSERE RS EESES! (S EES S SSS SR RESE SRS RESESEES S
. FPUMPING g =

] INTERTOR !
! aT, F CodE, ftowg

SIS

i £
] i
.00 i 3,00 i
1 1
L1 i
i 1
i i

0, O

. 0

O, O

SESETEIT.

]

;

;

H

4

i

I e e 2 e e . I P T Y " i

Vo Groundg water i ) H
o,

¥

ERRERRR R Rk

R S AT
I TR

G bw

RS ESESREE S D &S

1. ) & i : OTHER FUELE
ELECTRICAL | Ooocupied | Unoocupied | ——e— e e o
ENERGY USE | (F/ kwh)y (% kwib) i iMatural Gas

AW

n/a $/therm

- g Fuel 011 H n/a $/7U0.5.gal

: PotRropans i n/a $/1b
Resistance | (SRR RN i iRemote Heating o n/a £$/MEBETU
Imductive | ) PodkRemote Cooling | nsa /METU

0, Cr5

Compressor

V-338



HE4ETEL kwh/vyr 7925463 PEMEIRIN
bwh/yr 6HF75101 20522473
Natural Gas Q Qo therms/ve 0 o
Fuel 0411l G GOULE. gallyr O 0

=y

Fropane Q G lb/vr O

.
SRR

t

Remote Heating 0 0 MBETU v 0 0
Remote Cooling 0 Q METU v O 0

4 ke oo sware remms soree et soret Pests boees rainy amme s e seros boims resee bimbe aoe0h ogmn smemt seeee e smers bemme Shime Soaes seaen mass eise eere beist i cri e seves aeeen i e mmite e ot

1458675664 4286158

HYAD Total

vea l e )

,._.
=
T
i
-+
bt
-
=

(ER

& impact factor (Foimt of use value)
a BT he
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VL

FEF H’IF“TF‘F" TERMINMAL i
Supply fan type : FO!erd curved
Supply fan totel static pressure = T.580 in.
FReturn famn tyvpe : Controlled pitoh
Return fan total static pres
Design supply airps= ;
Htre CDUllﬂu terminals
AN economizer 1s nobt usad
ITe & ventilation reclaim device used 7 <N>

Are ventilation air damps

t

lal

A .28 in. wg.
ctfm & G5 Fi3 Vent. air= HEO0 ofm
d for heating 7 i

bl

i

ol Rl

=01 for unoccupled periods 7

-

JETEAMNT  VOLLIME
N r
o= DLl AT Wi .

TN
****#?#ii#*
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ERATING COSTE

Job MName @ DO Fage 2
Building MName i ; SLORNSTRE {Complax) Date @ 11-1&6-87
Site AV“UFH.[L F&FH] Lisgr Defined Hll7R62.0
Scope of Analy =3 Cooling and Heating Svystems

#*******w#**i#f# **i*i**#i*#m##***ﬁ***&**#&##*#*#***#*#*¢#***#***3******
C. CODLING PLANTS (anrdUal, COOLING FPLANT OFERATING COBT = 06, HEO0)

Doss one plant serve perimeter and interior 2 4V

*1. BLOCK PLANT : RECIFROCATING WATER CODLED

Capacity 8 835 F entering water = 230.0 tons

EW/Ton & B F entering water = 1.00 kw/ton

Is hydronic cooling used 7 <Y

Is chilled water reset usesd 7 N>

Is hot gas bypass used 7 N>

Is condenser performance altitude adiusted 7 <N

I= there one compressor per condenser circuit 7 4Y:»
Are compressors cyoled 7 ON>»

Heat sink type @ F}qud rxrru¢t Cu(lLPﬂ tower
Mimimum entering g F

1—\ & f"x\'t'h'“t";r”n 'ir, =

D. FQWFIhm\

INTERIOR :
b, ¥ bodF. Tt owg

b Chilled water
o Hot wa -
1
13

Condenser walter

v Bround water ;

KEXAEEXAXE XK ¥ RN R E RN RE

E . NON-MHVESTD SYSTEMS { A
1. NOR-HVAT E.t ECTRICHL ENE
Lighting bkw: Oocupied =

11

O by

T DHM SY

*$fﬁ'i*********#?***&%i*****ﬁ*
(FERSTING COST =

Unoocoupisc
Umoooug
hmocoupied =

bow
b

F. FJFL Lﬁx

=1,

; PoRZ. DTHER FUELS O Unit Cost
ELECTRICAL | Occupied Unocoupied | = e
ENERBY USE | (%/ kwh} %/ kwh) i Natural Gas

o it e e et i i et okt i s s et s e even S et st e e Se013 Shneh 11 Semne S it Sen St 4eeee B Seets Rinse Siies manes e ’ FL" = 1 D l 1

g 1o
; n/a $/therm
: n/fa $/U.5.gal
Compressar | O.050 QL OO o TFropane ; n/a $£/1b
Fesistance | 0. 050 3 tRemote Heating |
Inductive ; QL. Q50 ] O, G boiRemote Cocling

n’‘a $/MBETU
nsa #/MBTU
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COOLING COIL LOADS

Jobh  D-@ SUBCON 2/3 T¥1975 SY§ Zone . Block
Bqlldlng . D-@ SURCONSTRUCT 2/3 (Complex) Period . All
- §ite | RURORA,IL FERMI, User Defined Date © 11-16-97
3500-
%SBBG
2500-
D -
, 26808:
HlSBB%~

|
|
|
|
|
|
3

15 4
BIN TENPERATURE, ()




COOLING PLANT INPUT POWER

Joh + D-8 SUBCON 2/3 FY197% SYS zone | Block
Bgildlng D-8 SUBCONSTRUCT 2/3 (Complex) Perlod fll
- Site : RURORA,IL FERMI, User Defined Date ! 11-16-87
3501
P 366
0 i
H 258
E -
R 208
" 150
H J

” 199"“""*"- . K 11
o IRREERRRR
o L]

23 - - 15 23 3 4y
BIN TEMPERATURE, (F)




COOLING PLANT OPERATING COSTS

Jobh + D-@ SUBCON 2/3 FY1975 §Y§ Zone . Block

qulding . D-@ SUBCONSTRUCT 2/3 (Complex) Period . All

Site ! RURORA,IL FERMI, User Defined Date  11-16-87
SR 5

5 25 35 4 !
BIN TEMPERATURE, (F)




$ite !
i1

PRIMARY HEATING PLANT LOADS
Job D-8 SUBCON 2/3 FY1975 SY§
Buxldlng D-8 SUBCONSTRUCT 2/3 (Complex)
URORA, IL FERMI, User Defined

Zone |

Block

Period ; All

Date .

11-16-87

878

10,60

A8, 38

D .
,8.40
Me. 38

B -
He. 26

810

g.ee
-23

-1 5 35 45 55
BIN TENPERATURE, (F)
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FAN OPERATING COSTS
Joh + D-@ SUBCON 2/3 FY¥1975 Y%
Bglldlng . -8 SUBCONSTRUCT 2/3 (Complex)
Site 1 RURORA, [L FERMI, lser Defined

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

|1
ERRN
EREN
L1
1]
L1

15 25 15 4
BIN TEMPERATURE, (F)




VIi-a.

FERMILAR L-0 EXFPERIMENTAL FACILITY

SUBCOMNSTRUZTION Z/3 - LOW COOLING SYSTEMS
BUTLDING SECTOR FHYSICAL FARGHMETERS ARND DESCRIFTION

21 DCTORER, 1787

ARALYST: S.FL.ERSTULOVICH

FERMILAE COMSTRUCTION ENMGINEERING SERVICES

VI-1



COMPLEX BUILDING INFUT SUMMARY

Buildimng MNMame @ DO SURCONMSTRUCT 573 Date : 11-16-B7
Site @ AURDRA,IL FERMI, User Defined 60117862.0
oK kK o OK RO R R Rk kK R R K R K KK KR KO KR X KRR OO ok ko kR ok ok ok ook ok ok R K X
1. ROOM CONDITIONS AND FLOOR AREAS

Thermpstat settings @ Cooling = 92 Fy Heating = 91 F: Setb

Warm—up factor = Q % Room design relative humidity S0 %

Floor Areas: Ferimeter = 1 Sgfty Inmterior = 0O Sgft

Cooling provided during wnoccupilied period.
2. WALLS, ROOF, GLASS, SEYLIGHTS:

Area U-Factor Glass Area Glases U-Factor

Exposure (5gft) BTU/ {(hr-sqft-F)} (Sqft) BTU/ (hr—-sqft—F)
North Wall 0O Q. 130 0 1.1
Northeast Wall Q Q. 150 O 1.130
East Wall 0 0.150 0 1.130
Southeast Wall O 0.150 G 1.130
South Wall 0 0,150 0 1.130
Southwest Wall U 0180 O 1.1730
West Wall O OL180 O 1.130
Northwest bWall i 2,150 O 1.130
Ferimeter Roof O G130 Q 0. 330
Interior Roof O 0L 13O 0 QL350

i m
(—'»
L’l’
j51]
i
i
m

Wal.l.S: Color = Darks Wt. = Mediumy ROOF: Color = Medium: Wt. = Medium
BUILDING WT. = Mediumg VERTICAL GLARS @ Single Glazed

Shade Factors @@ Glasse = 1.000 1 Skylights = 0,000
Internal shades are not used. ;1 & ceiling plenum is not used.

F. LIGHTS:
Ferimeter : 0.000 Watts/Sgft = 0 Watts Total
Imterior @ Q.00 WattsSaft = O Watts Total
Diversity Factors : Oocupied SR Unocoupied = (S
Ferimeter lLights ¢ Ballast
Interior Lights @ Ballast

4. MISCELLANEOUS ELECTRICAL LUOADS
Ferimeter @ Oocupled = RGOCLOD, ODG Watts/ Bogtft = 00,000 Watte Tota

i

Unoccupied = LZ200000,000 Watts/Sgft = 200,000 Watts Tota

it

Interior @ Occupied = 0,000 Watts/Bagft 0 Watts Total
Unoccupied = 0.000 Watts/SBgft = 3 Watts Total
S. FEOFLE LOADS
Total Qccupancy = O s=qft/person = O people total
Activity Level: &. User defined activity level
Sensible = G.0 BTU/ hr/person: Latent = 0.0 BTU/hr/person
Diversity Factors @ UOccuplied = 0 Yy Unoccuplied = QO %
6. MISCELLANEOQUS INTERMNAL LOADS:
Sensible @ Uooupied = O BTU Ry Unocoupied o BTU/ hr
Latent : Jocupied = O BTU Ry Unoccouplied = O BTU N

-
-

il

7o o WALLS ADJIACENT TO MOMN-CONDITIONED REGIONS:
Wall Areas @ FPerimete = 0 Sgft: Interior = 0 Sgft
Wall U-Factor = O.000 BTU/ (hr—sgft-F)
Adiacent regilon is not heated
Adiacent region is not cooled

. INFILTRATION DATA:
Air Flow Rates: Oococuplied = VI-2 Ooofmr Unococunied = O ocfm




VI-b.

FERMILAR D-0 EXFERIMENTAL FACILITY
SUBRCONSTRUCTION Z/2 — LCW COOLING SYSTEMS
EUTLLDING LOAD CALCULATIONS
1 OCTOBER, 1987
AMALYST: S.F.ERSTULOVICH

FERMILAR CONSTRUCTION ENGINEERING SERVICES

VI-3



LOAD FROFILE SUMMARY

Building Mame : D-0 SUBCONSTRUCT Z/3 (Comple:x) Date : 11-16-87
Site Mame : AURORA, IL FERMI, User Defined 6D1178B6E.0
2SS SES TSRS SRR PCERRLELERIRRSDIORERLEERISOEERDORES SRS e tO Ry

TaBLE 1. OCCURIED FPERIOD (Load does not include vent. load, farm heat)
Etin Bin e P imeter Zong-—————i doee—e————Interior Zone-————-— &
Temp Howrs Sensible Latent FPlernum Zone Sensible Latent Flenum Zone
(F) (hr/yr) {tons) {tons) {tons) (F} (tons) (tons} (tons) (F)
9= Q.0 170.65 .00 2 0.00 0.00 0.0 -
0 25.8 170,65 0.00 22 0.00 Q.00 0,00 ——
S 599 .4 170,65 Q.00 2 Q.00 Q.00 Q.00 -
80 145. 170.65 O.00 0.00 92 Q.00 Q.00 Q.00 -
7S 237. 170.65 Q.00 0.00 92 Q.00 0,00 Q.00 -
70 270, 170.65 0.00 0,00 Q2 Q.00 0,00 Q.00 -
&5 264. 170.65 Q.00 Q.00 92 0.00 Q.00 0,00 -
& 255, 170.65 0,00 2 0,00 QL OO0 0,00 —-—
S5 244, 170,65 0 Q0 g3 Q.00 Q.00 OO0 ——

NPT I S

LA S B

By el 170, 65 O, O e C1 10 OO0 0,00 -
45 225.5 170 .65 Cr . G2 O, 00 (R LY] L0 -
40 Z2E7 .6 170,65 0. 0 2 0, 00 0. 00 .00 —-—
2E8.5 170.6% O, O 22 QOG0 GO0 .00 ——

218.2 170,65 92 0L 00 GO0 000 ——

174.5 170,65 P2 QL 00 QL O Q.00 -

122.4 170,65 s 0L 00 000 0,00 ——

7e.1 170,65 92 0, Q0 0L 00 Q.00 —-—

446501 170,65 92 OO0 G, Q0 000 ——

b 25.1 170.65 ) Q00 G 0 .00 -

) 2.7 170,65 po . O, OO0 QL 00D OL.00 ——

-5 b 170.65
-& 4.6 170.65

TARLE 2. UNOCCURIED FERIOD {(Load doss not include vent. load. fan heat)

GZ Q, 00 (
82 O, Q0 (

RIS G, O bl

3 Q.00 o

D0 14.¢ 56 .88 92 0, O D00 ——

85 Z6H.T Hé . g8 Q3 0. Q.00 -

£ 23 56 .88 Q2 0,00 0,00 -

7 215, 5& .88 @R OO0 .00 OO0 -

TO IR . B4 .86 22 O 0D 0,00 .00 ——

&5 446500 56 .88 G2 (NSNS Cr, O Q.00 -
g § 4

6O SO0,
55 48%2.
50 447,
43 22.
40 417,
35 417
IO 417

56.88
o6 .88

Q2 0L 00 0,00 GO0 ——
Q2 O.00 0. 00 0,00 ——
546.88 2 GO0 QL 00 .00 ——
54 .88 Q.00 92 Q.00 .00 Q.00 -
546.88 O 00 O.00 97 0,00 0,00 Q.00 -
56 .88 O, 00 0,00 92 0. 00 Q.00 0,00 ——

-~
Do

~N e

=
-
b

o

. 56.88 QL 00 Q.00 22 GL. 00 Q.00 Q.00 —-—
25 Q8. 56 .88 : 2 0,00 0.00 0.00 —-
20 RIRYI 56.88 = O.00 Q.00 Q.00 ——

15 252
10 165

96.88
56.88

O, 00 = Q.00 O, OO O, 00 ——
O, 00 @2 O, OO O.L00 €, 00 ——

RN S ST RN 4 WV A i o

o Pé. 546 .88 Oy D 72 0. 00 G O 0,00 -
O S0, 54 .88 0.0 92 OO0 .00 D.00 0 —-
-5 29, O . 88 LoD 92 0.0 )
—& 21.1 Oé .88 0. g2 0. 00 .

-y 0.0 3, 3 Cv, 0303 F1 Oy, 130

VI-4



VIi-c.

FERMILAR D0 EXFERIMENTSL FaOCILITY

= LOW COUOLING SYSTEM
MOE SIMULATION

ML TULOVICH

FEREMILAE CONSTRUCTION ENGINEERING SERVICES

VI-5
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THFUT SUMMARY

atic pressure = Q0001 1n. wg.

DU LY =
umedt .

Aoreturn fan
L ign supply ailr=  SBOIZL5 ofm & S0 Fi Vent. air= G ocfm
RV

Are cooling terminals used for heating S e

Arn soonomizer ism ot used.
Te & ventilation reclaim e used TOaNE

fre ventilation air dampsrs peed for unoccupied periods

TSN

1%
E. HE
> i . PE

FLANTS
[ METER FLANT

I Foy e i Gant g
ERENA R RS AR FE KA
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i ll-146-87

H117862.0

TGH Nﬁme D B RIE A FTEN Sy Fage

?T‘
’f""
et
-
oL
L_x
i
™
—
i1
i

= e of
*iu*im***
C. ZUQLINb

IS S S SRR SIS RS ES LSS EENSDS

Fho PERIMETER PLAMT ¢ REFOTE SOURCE COOLING
Is hydronic cooling used 7 OYs
Iz chilled water resst used 7 O
(2SS ES ORI RSO SRSEERT TIPSR
D. FUMPING SYSTEMS

dfF, ft wg dT. F iodFy ft owg

System a7,

i Chilled water H 20, i 150,00 GO0 i Q.00 H
! Hot water H & i 0,00 A.UU i QL 00 H
i Condenzer water ; i ; a0 :
Vo Ground water : i : S 0.00 H
O ok ook kB kR ok koK ook ok ko ko o ko EHEE AR KA A Kk k

MNON~HVWST &
1. f!LJ‘J =T
hidding

biw s

b
g
b

FRERREF AR ER R

VIi-8



B

DOE RUF DOE RIF
{10 BTUY (1300 BTUD

sl nlwintcInn {

Electric (Oceo) 1200 24002 kwhiyre 278424 8191%
Electric (Unocc) 21éG 4EE03 kwh v 01135 147452
Matural Gas ] G therms/ vr Q Q
Fuel 011 O O U.S. gallyr O (
Fropane O O 1bh/vr 0 {
Remote Heating C G METU/ v G {

FRemote Cooling Q O MBTU vy O ¢

HVAD Total

YRS O oy
7T s X !

ST alon Y S

=y
- 4

gl i
Tmp. gal ool =
1 propane z
LIF =
T
MEH zm
METU =

----- i pad S
1T RUF and
ORI and RI
ttilisation (Source value)
impact fTactor (Foint of v lue)

T

- T
B

M

VIi-9



¥MEd ke kg EEKERE
i t 45

Tar
Supply fan total static pre
A oreturn farn is mot ussd.
Desigrn supply airs=  BO3Z1L0 ofm @ 53 Fi Vent. airs O cfm
Are cooling termins f heating 7 <Y
Ay econonizer 1z not u
ITs & ventilation reclain wsed TOAIMNE
Are ventilation air dami ; rawed for unocoupied periods 7 ON-
SEEESESEESEESESESCETSSPEOESESERE LSS IS TSR
i CasT = $0)

3

e = 0,01 in. wg.

&b

EBE. HEATING FLAR
F RIMET

VI-10



sl ysdom

el ol ole s
(R

1. FERIMETER
Iz hydrormic cooling used & <

Is chilled water reset used 7 <>
(PSSP PR REESRERESEREDES SRS ESIEEDEEESSELE RSP ET DRSPS EEE
D. FUMPING SYSTEMS (ARNUAL PUMF OFERSGTING COET = S.0132

-

i FERIMETER
i di. F Podiy,

i Bystem daF, ft wg |

Chilled water

H 0,00
Hot water ; 0 00

3

]

]

:

13

¥

0,00 H

Condenser water |
1

1

Ground wats

G, 00
5, O

EEEEREREEERNRR

e

%
PA

iy
N L

vIi-11
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FMuimtier s

1 gty ALY
H 20dn .2

2048

ES LG
60 Q.0

H 204

4£
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P

o
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COOLING COIL LOADS

Job + D-@ SUBCON 3/3 DESIGN $Y¥5 Zone : Block

Bux!dxna . D-8 SUBCONSTRUCT 3/3 (Complex) Period . All
Site : RURQRA,IL FERKI, User Defined Date : 11-16-87
4060
3900
33898
%25@9-
, LRBE8-
gisee- —
H19991v~
506~

5 5 4 ’
BIN TENPERATURE, (F)
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B eoonomizer is not .

Te a ventilation reglaim device

Are ventilation air

EXFERARAKEREAER FEEEX
B. HEATIMG WS

T

iroale ol
K %

2SS ES SRS SESS S S LSS DRERSD D

VI-1le6



SUT SUMMARY

\
l e D T !

e FERIMETER PFPLANT ¢ REMOTE
Ie hydronic cooling used 7 IY>-
Te chilled water reset used 7 N>
***#**************iiuiki*uk***#*******#****~**#**&*~****$****#$#**#**#**
D FUMFING SYSTEME

g i FERIMETER :
i System H dT. F } dP; Tt wo
v Chilled water : 20, ﬁﬁ
i Hot water H L

a7, F iodfF, ft owg

0O.00

DA, QD | i
O, 00 H Q.ﬂﬁ H 0. 00
Yy 1 '

i l

1.0

Condens

Gimourmd

O, 00

2SS 2SS AL SRS

Vi-17



Electric (Ooo)
Electric (Unooo)
Natural Gas

Fusl 011

Fropane

Remote Heating
Fremote Cocling

HVYAE Total

B o B

Total

For -k

lb
UF
IF
MEF
METL

[ pcxﬁ&'

]"I"r—‘-:-‘f»—‘-?—*fr-*

ZE1R8 kwhivr

HE7 54 Bwh/yr
O therms/yr
O U B gal v
O lhdve
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