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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 Statistic References

HVAC Systems Parameters

Annual Operating Cost:
Annual nn Cost /QW

Laiidieaa NGNS

Annual Mamtenance Cost:

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

A0

T

100

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

621,660

8,805,179
102,880,672
30,269,977
717,298

I-10

(IV-11Y4+(V-11)+(VI-9)
51v-11§+$v-112+$vx-92
(IV-11)+(V-11)+(VI-9)

§1v-11g+§v-11g+5v1-9%
IV-11)+(V-11)+(VI-9
(IV-11)+(V-11)+(VI-9)



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 Systerns Parameters

Area: 42,200 SF IV-2)+(V-2)+(VI-2)
Tons: 420 IV-4)+(V-4)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)+(V1-9
DOE RUF MBH: 14.639.178 IV-27)+(V-25)+(VI-9
DOE RIF MBH: 4,307,200 IV-27)+(V-25)+ (V-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: 80,163,546 IV-27)+(V-25)+ (V-9
DOE RIF MBH: 26,234,068 IV-27)+(V-25)+ (V-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 : AURDIRA,IL. FERMI, User Defined Date @ 11-0Z7-87
30K K Kk K KOk S K O K KK K KK KK KK K K K K0 KK KOK 0K 0K KO OR KRR OR R O RO R R KKK
TABLE 1. SITE DESIGN WEATHER DATA

Latitude = 42 deq. Elevation = 744 Feet
Summer design dry bulb = 932 F Winter design dry bulb = ~-b& F
Summer design wet bulbh = 7& F Daily range = 20 F

3K KOK K 0K 30K 3K KK K K KK KK K KK KK OROK K 0K K K K OK OK K KOR R K K RO RO OO KKK ROK R KR KK R KKK
TABLE 2. FEAK SOLAR GAINE (Btuw/(hr-sgft))

i Month ! N NE E SE =] SW W N H i
Vo dJanuary i 5.6 13.2 107.4 173.8 189.1 172.8 107.4 2.2 107.6
odJuly ' 17.1 144.7 189.6 148.8 88.4 148.8 189.6 144.7 264.5 |

Carrier peak solar data used.

Values corrected for altitude ( 744 ft), design dewpeoint ( 69.3 F)

% Available Sunshine : Average data: Summer = 73 %4 ; Winter = 35 %

3K % oK KKK KK KK 0K 0K KK 0K 30K 80K K K 0k k0K KK KK K KK K KK SOKOK R OK ROK KR ROK OO R R K KR KR Rk Kok kR dokok Kok
TARBLE 2. OCCUFANCY SCHEDULE DATA

; : Sun d Mon ; Tuea H Wed H Thu H Fri | Sat :
i Begin | OFF H 7 A H 75 H 7 A H 7 A H 7 A i ? A H
i End ; OFF ; & F H & F i & F : & F | & F ; 2 F |

Average occupancy @ 10.0 hres/dayv: 6.0 days/week

Number of summer shutdown days = O

3K KK K K KOk 0K K 0K K SOK R OOR K RE o ROK R R OE SOk R R E0E 300K K 0k KKK F 30K 0K 0k % 30k Rk ok 30K KK KKK OOk X0k
TABLE 4. TEMFERATURE EBIN DATA

H Ein : Bir : Bin H Bin Hours (hr/vr) ;
| Dry d HWet ' Specific e et e e e :
 Bulb i Bulb H Humidity ! Total i Jccupied i Unoccupied |
H {F) i (F) H {lb/1b} b Hours d Hours ; Hours :
; QI H 76,10 H G.0183 ! 0.0 ; 0.0 ; Q0,0 !
' FO i 71.8 H O.01324 : 40 . 4 H 25.8 i 14.6 :
1 i : &EF L0 i O.0114 i 5.7 : 5%9.4 : 6T H
: =18 i &5 LT ; 00106 i 244.6 : 145,73 1 7.3 !
i 75 H 6T .6 : QL0095 i 405, 0 i 25707 i 215.3 H
: 7o &0 .7 ; 0, DO i L£28. % i 270.6 i Z57.6 :
i 6% i og.2 H O.0087 ; T27.8 H 264.5 H 467035 H
i 6O i 295.4 i O.0087% ‘ 755.4 i 255.0 ; S500.4 H
g a5 H 82.7 ! O.0079 ! 726.7 : 244.7 : 482.0 !
; 90 i S0.0 H 0.0076 i 679.7 i 232. H 447 .6 :
i 45 45.0 i O.0067% ] 6522 i 229.5 i 422.7 1
' 40 / 40,0 i 0O.0082 H 6S1.7 : 237.6 H 41%.,7 H
; 250 35.0 ! O.0047% : 6HG.5 i 238.95 ; 417 .0 H
] 0 i 30,0 d QO.O0IS ! 639.6 ] 218.2 H 417 .4 H
; 25 ] 25.0 H 0O.0028 ] S569.7 i 174.5 ; I95.2 i
i 20 ! 20.0 ] 0.0022 ; 459,75 | 122.4 ; 336.9 !
' S i 15.0 : 00017 ' 30,9 : 78.1 ' 252.8 }
i 16 ; 10.0 i 00017 ' 211.8 : 446.1 ' 165.7 i
; 5 ; Sl i QL0010 : 121.4 ; 25.1 i PELE H
: 0 H 0.0 : 0, 000g : bI.6 | 12.7 ] S0.9 1
: -~ ; -5, 0 ] QL0004 ; 1.9 d &2 ; 29,35 :
' -b : & . ﬂ i G O006 i 28,7 : 4.5 i 21.1

; - £ i —~& . ; OL.0006& ; G.0 ; L0 i 0.0 H
##**#*#*#****#**##*#*************#*#***********************#************
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FERMILAE D-0 EXFERIMENTAL FACILITY

SITE MAIN RING LAKE COOLIMG DATA

1 OCTOBER,., 1987
ANALYST: S.F.ERSTULOVICH

FERMILAER CONSTRUCTION ENGINEERING SERVICES
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FERMILAE DO EAFERIMEMTAL FACILITY
SUBCONSTRUCTION 1/7% — COLLISION AND ASSEMBLY HALLS
BEUTLDING SECTOR FHYSICAL FARAMETERES ANMD DESCRIFTION
21 0CTARER,

AMALYET 5

19a7
CLFLERSTULOVIOH

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

Iv-2



IV-b.

FERMILAE D0 EXPERIMENTAL FACILITY
SUBCONSTRUCTION 1473 - COLLISION. AMD ASSEMBELY HALLS
BUILDING LOAD CALCULATIONS

Z1 OOCTOBER, 1987
ANALYST: S.F L ERSTULOVICH
FERMILAER CONSTRUCTION ENGINEERING SERVICES
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LOAD FROFILE SUMMARY
Buildimg Name ¢ D=0 SUBCONSTRUCT 1/% (Complexd Date @ ;
Site Namne @ AURORS, IL FERMI, User Defined HOL1786T.0
IS PSS SRS EA SRRSO LSS EIERES DRSS LEESESERERERt eSSy
TaBLE 1. : ot include vent. load., Tan heat)

e e e e P

¢
| =t
I

TOrig@em el e = Ty b L LON@ =
Temp Hours  Sens Flenum Zone Sensible Latent Flenum Zone
{F) (hi/yr) (tons) {(tons) (F3 {tons) (tons (tons) {F
Q= 0.0 2.29 O.61 0.0 73 Q.00 Q.00 .00 -
QU 25.8 I9.83 O.27 Q.00 78 0,00 Q00 0,00 -
=2a] 597.4 E7 .68 Q.00 78 0.00 Q.00 0,00 -
80 145, Zo.84 G .00 7e 0,00 Q0L 00 Q.00 o
75 237. E4.,00 O.00 78 Q.00 Q.00 0,00 ——
T0 270. .00 78 Q.00 GO0 0.00
LS 264, 0L 00 78 QL 00 OO0 G .00 o
& PHS, Q.00 QL 00 0, 00 Q.00 —--
59 244, Q.00 .00 0.00 -

Bin Etim

!
!

I2.15

e dl @

FOLEL

LU S R

-~
-’

<

50 DER. O L 00 Cr L OO e

0, 00 0,00 ——
b 010 O, 00 ——
Cr, O .00 ——

[ I Cr, G ——

»
{

o

£ D
iy

T ant

40

R

o

a1

iRl

0y, O 0,00 R

L, OO0 0y, 00 ——

)
1

3, Qs OO0 —

[

TAE

mot dnclude vent.

{l.cad

G0
I
G

el =
St

70

T
[

00

[=4
&5

&
o8
50

L

I

=
o~
g

Q.00 T

&
il -7 GL00 T8
40 .7 O, 00 TE
s . O 0,00 TE

20
-
29

20

[~

T
10
0

1249

~

O.O00 78 0L 00
0,00 78 Q.00
0,00 0,00

0,00

SR A I N

o
)

'
A g

- k
- {a [ .
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SOLAR GAIN SUMMARY

Building Name : D-0 SUBCONSTRUCT 172 (Complex) Date : 11-16-87
S5ite Name : AURORA,IL FERMI, User Defined 601178620
K KKK K KK K SOk K kR K Kk R R OK K OR RO KRR R R R R OE R O R R R R R RO KRR R KR F R KKK
TARLE 1. SOLAR GAINS BY EXFOSURE

Bin Solar Gains by Exposure

Temp (BTU/ (hr—sqft)) Ferim Inter
(F) North NE East SE South SW West NW Horiz Horiz

! 2.0 Z0.4 47 .4 3.6 30.4 74.4 86.9 27.95 0.0 Q.0
S0 .2 21.8 Z3.6 zg.1 5.9 S52.9 40.4 19.5 Q.0 Q.0
85 . 20.4 T2.0 6.5 34.4 20.3 8.6 18.5 0.0 0.0
80 . 19.735 Z003 4.6 I2. 48.1 I6.7 17.5 0.0 Q.0
7S . 18.2 28 R 1.4 45.8 z4.9 16.5 0.0 Q.0
70 . 17.1 27 1.2 29.9 .4 230 15.5 Q0.0 0.0

5
-1
16.0 29.4 29.4 28.4 41.0 31.2 14.5 0.0 0.0
. B
fon)

- 14.9 23 27.7 27 .0 8.6 29.3 2.0 0.0 0.0
S5 . z.8 22. 26,0 25.5 LY R 27.5 12.6 .0 0.0
S0 . 12.6 20, 24,2 24.0 3.9 25.6 11.6 (AR 0.0
435 . 11.5 18 22,5 22.9 1.5 25.8 10,6 0.0 (e

0,0 0.0

o

e b ~NNDO
PO DO NPT AR OED

[,

IS

joy

~J

4

3

m

%]

fad

i)

-

[

k3

bt

0

20 . a. 14.0 1703 18.0 =404 18.2 QL 0.0
25 - 7. 12.4 15.6 16.8 22.0 16.4 0.0 0.0
- “

1Z.9 15.0 19.6 14,

R
R om0 @
s N N O O

;

= 1
& 2. &.0 / X 3w
15 2. 4.9 2.1 12.1 12,5 17.3 2.7 0.0 0.0
10 i. .8 7.5 10.4 12.0 14.9 10.8 . 0.0 Q.0
3 1. La7 G.d 2.7 1a.6 12,5 .0 . 0.0 0.0
0 Q. 1.6 = bH.9 .1 1.1 7.1 . Q. 0.0
-5 Q Q.5 3.3 b 7. 5.3 . 0.0 0.0
—& 0.3 0.4 4.9 7.3 7.3 4.% 0.5 G0 Q.0
) Q0 .10 0,0 G i, 0 0,0 0.0 Q.0 0.0
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ETD SUMMARY

Building Name @ D-0 SUEBCONSTRUCT 173 (Complex) Date : 11-16—-87
Site Name : AURDORA,IL FERMI, Ussr Defined 6HQA117862.0
KK KK K K K K K K R K KK R R R R O K Rk R A R kR RO R RO R RO R ROK KR N A KR KRR
TARLE 1. QCCUFIED FERIOCD

Bim Equivalent Temperature Differences (F)

Temp By Exposure Ferim Inter
(F) North South S5W West Roof Roof

&0 21,0 ~19.3 -18.1
as -25.4 23.8 =22.7
a0 -29.8  -28.4 2703
45 —-I34.2 22.9 -321.9
40 ~ER.46 ~E7.4 -3E6.O
5 -43%.0 -41.%2 -41.1
0 -47 .4 46,4 4507
o e et e e o e e R
20 S [T SO
R — S J—
i¢ ~-84.% -584.5 ~G4.1

-98.7
—~&E. T

O N S o
[ TP 4

23.58 29.8
16.4 20.8
11.5 18.7
b.6 10.5

1.7 9.4
3.2 0.2
-g.1 -4.9

~10.1
~15.72

- T -

L . 20,4
e B R
i B

—& &R0 65,0 —68.8

TAELE 2. CURIED FPERIOD

S0 5. 4 7.8 9.5 16.4  F0.8
as 1.0 T 4.9 11.%5  15.7
BG  ~Z.4 1.7 0L L6 10.S
7E -7.8 =-5.8 4.7 .7 &, 4
700 ~12.2  -10.3 0 8.8 -3.3 e

1

=13.5
-18.1

Ty
Jrar

-28.4 -27.3
45 e e e
40 ——mmm e T
e e
30 v s 2o paae seirn R aere s e st e

~41.0
~45.5
-50,0

~46 .72
~50. 5

L4 0 e

~47 .0 —4&.4

10 ~-54.9 -54.8 =0 -01l.6
9 -5%.%  -EF.0 -G&. 8B -UHH.T
0 -55.7 —6I.0 -&1.7  —61.7

-5 —-&8.1 -&8.1 ~&d L& AT LD

—-& 6RO —6F.0 0 -&68.8 a7 .S —&BL0

~& -FaLD ~T4.0 0 =T4,0 Fa.D =TF4.0

27.0
18.9
1Z.9
8.9
.9
—-1.1
-6.1
-11.1
-16.1
-21l.1
-26.1
-Z1.1

8.9

20.7
14.4
7.6
4.7
~0.1
-4.9
-9.8
-14.6

10,3
7.0
2.5

~2.0

-6.8

—~10.9
-15.4
-19.9
-24.4

4.7 -2.0
—tr. 1 g 5

-4, 7
-5.8
~14.6
~19.4
~24.2

~10.%
~15.4
~19.9
~24.4
~28.8

-S54 .6

—~&% .1




IV-c.

FERMILAE DO EXPERIMENTAL FROTLITY

TSTON AND ASBEMELY HALLES
FTORMAMNCE SIMULATIONS

EEIP S 8 F.‘ STULOVICH

FakieL.y

FERMILAE COMNSTRUCTION ENGINEERING SERVITCES
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IV-c.-1.

FERMILAE D=0 EXFERIMENTAL FATILITY

Hsl S

RECTFROCAT TRG

WITH T

LfhlED COOL MG WATER, LAkE WaTe
R PRI
AUTOFMAT I LakE WeTER PUME
MESTED AHLD Fak THNLET Yabd

HEAT EXCHAMNGER,
TIOMN CONTROLE,
A

T IO FANS,
JOMI ZER

T ST
ALEY

FERMILASEE COMNSTRUDT 0N ERGTME
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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

Iv-9



Job

Buildimg MName : D-0 SUEBCONSTRUCT 175

S

[ o R, —
Soape

SYSTEM

Mame @ D0 SURCZOM 1735 DESIGN SYE

te @ AURDRA, IL FERMI, User Defined

of Analy Cooling

f""lC..

TRFUT
(Complex

and Heating

SUMMORY
Fage 2

11-146~-87
HL17862.0

) Date

Svstems

*******i****#ﬁ#*#%*#¥***#***4**#**Y*#*************#**********####***##*X

.

#1.

COOLING FLANTS

FERIMETER FLAMNT RECIFROCATING
Capacity @ 85 F entering water
KW/ Ton @ 85 F entering water
Is hydronic cooling ussd 7 <Yn»
Iz chilled water reset used 7
Is hot gas bypass used 7 {N}
Is condenser
Is there cne compresscr p&r conden

Are compressors cycled 7 oOY:
Heat sink type : Opsn cooling towe

Minimum entering water temperatu
Is a hydronic sconomizer i

TR

used 7AYo

.85

paerformance altitude adjusted 7
sSer

AVAN

WATER CODLED

75.0 tons
kw/ ton

v
circuit 7

-
re

2 F

: Economizer = 80 %

efficiency

KK KK FOR KOR KK Ok SR 0K KRR R R OR OOk KRR 0k 0K R KR Rk ORR ORI R Rk R R kR Ok O KO KOR K

.

AR ERREAR AR KRR AN E AR *YX%***i$+%*“?n#4ﬁ#*Y***t&i&ihim#i**i%***i*##*%****#

E.

1.

Ty

Sl

***%*#***###*#*##**TX?¥#$34#1%A*J***k*

.

FLUMFING S5YSTEMS

FERTMET
dT, F Lo

b &
3

]
H Svatem

P Chilled water
i Hot water

watei
water

Condenser
v Ground

|
i
g
; - i
Cr, (a0 H
BYETEMS
TRIDAL ENERGEY
Docupied =
Ooocupled =
Oooupied =
( lined

MO HV AT
MNORN-HVAD
Lightirg
Miso, kw
Ot her kw 5
DHE SYSTEM

£l
b s

4]

e

J. [

FUEL CDETS

2 i :
ELECTRICAL | Docupied | Unoccocupied |
ENERGY USE | (%/bwh) | (%/Hwh) :
Compressor | 0. O.0%0
Resistance |

Feariod

OS50 H
«OEO0 H

¥

i

u_uﬁu J

Inductive u.uau : :

Iv-10

=
P,

(] 1
i ¥

ft wo | a1, F DodE, ft wg !

100, O H 0,00 ; W00 H
Cro D i 2:3 . 0 i L0 H
S0, 00 ' s ! GO0 s
O, i ! L0 ! G0 t

*

bwe Unocoupied =
Urnoocupied =
Unococupied =
e )
S S S ESSSEES LSRR ES SR

OTHER FUELS Uit Cost

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

Y
o

n/a
n/a
n/a

iNatural Gas
tFuel 011
iFropane
VRemote Heating n/a $/METLU
iRemote Cooling n/a $/MBTU

T



TOTEL BUY IMF[H% EMgt

Job Mame ¢ DO Feriod @ Al]
Building Nams Zone 3 Blocok
Site @ AURCORA, T Serial pMMumber:
2 111687 6HOL178462.0

RV 7RNY PRV RN FREY RERN PRRY TR PRRY KRN PREY LRV PREY FREN TRRY PR 1) R R P N 2R PRV PR TEREY MY VERY ZRRY DRt FREY R FRCT EREY FRRN TR TR TRRURRY FRRY PREXFIRT SRRV PRRTRRET 7R ERRY PRV RERY PRt 71 RUZRRY PR}
KXAXARAXEAXTAENX AX AR AR R R AR TR RN A RN AR AR AR A XA A A X AR R N XX K X X
HYSC EMERGY mergy or Fuel

P o o r [ o I | e e | ]

Component

Electric (Ucc) 7H35 157091 kwh/yr 1822255 AT61E2
I'ler—-l‘:wlr- (il =y 1Tl 37 ’T"?’I"?ll'? L mh/uw ! QM Ay oTO1 70
Electric (Unooo) 13612 27RE biwh Z1358060 ?ER178
Natural Gas 0 & thermq/vr (] O
Fuel 011 0 O .S, gal/slyr 8 0
Fropane O O lb/vr Q O
Remote Heating 0 O METU v Q &
Remote Cooling (W O MBTU v Q O

HYAC Total 21467 4980716 1463227

MOMN-HVAD ERNERGY

SHN] Y o
cwh Sy

Electric (Ocoi
Electric {(Unoood

1EQ0REY 4678528
651,73 191.76

HYATD Summary s
VD Totael Cost

/8.t v

oot Total Cos
bwh/Sg.Ft. /v

“oof Total EBElectrical Emnergy
~oof Total Eneroy

Total HYGD Ele

a .,

Mom-—-Electrical

Fey

i N e
T e e T

L fion factor (Source value)
LT D e goe e g e [ PSS B - o ¥y e = Ve
L AL L == % VU Fo O ) Vi WJATE L Lt L SR e I R = G R WY y)
ME r
ML we P T T g e LT
[R I LON S Foed & J - LF ALt bR
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ANMMUSL OFERATING CO5
Jab Name ¢ DO DUBDON 177 DEBIGN SY5 Fags 1
Building Neme @ D-0 SUBCONSTRUDT 173 (Complen) Date @ 11-16-87
Site 1 AURDRSG, IL FERMI, lser Definsd HEQLITBEE. O
Scope of Analysis @ Cocling and Heating Systems
S8 2 8529822393828 2CERRELE SRR RESSSSRPRRRERRERERREREEDERSRRDERDR RS
AL ATR O HARNDLIMNG SYSTEMS (ANMUSL FAN OFERATING COST = €20, 04700

1. FERIMETER TEEMINSGL TYFE : DONSTAMNT YOLUME
Supply fan type @ Backward inclined or airfoil with inlet vanes
Supply fan total static pressure = 3.00 in. wg.
Return fan type @ Controlled pitch axzial
Return fan total static pressuwre = 1.73 in. wg.
Design supply a&ir= 42000 cfm @ &7 Fi: Vent. air= T00CG cfm
Are cooling 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 FERIMETER FLAMNT @ ELECTRICAL RESISTANCE

Ts hydronic heabting TN
IS EE SR ESLCES LSS ELEESERER LSS LSS ERITS LIPS STETDEELES S

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
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date ¢ 11-1&-87
SR {Complex) Serial Mumber:
~ Defined &0l 1786

i -

MName

1

FRRIA

.n
T
T
=
1
=
Tt
o
11,

H Ferimetor No Interior Zome Existe
T Coil Lo
; PR
Hé&E .2
E2T7 b
a89.0
A |
lig.cC

1
4
i
i
i
1

-OCCUR TET
540
7.9

1761

108

Lt .

14.

AR e T Q1 o e e e

]
14
~
T I NP RN
oo

&S 264. 0. .
b g 0.0 3
i, O

ok N

nobRroon e

».

s
T
5}
3
4]
-
-

SRR RN S S S
.

u
: 1 -
0 18,7 (R
-5 : (.
1

Total

[ [
O i
[ [
§ v, U Uh 1
& .y v, O
7 G i O

o

]
!
i
i
'
;
!
i
i
b
1
i
'
'

~N DO R B

1
w4

.
-,

i b i O £

i
i
i
i
;
i
i
;
i
i
i
H
i
i
i
1
;
;
;
:
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FERIMETER

HEATING FLANT COSTS

Job Mame @ D--O SURCON 173 D 4 BYE Date : 11-16-87
Building MName @ D-0 SUBCONSTRUC . (Complen) Serial Number:
Site Name : AURDIRA, L FERMI, Ussr Defined HO117842.0

i Coil i Frimary Flanmt Mo Auxiliary Flant Used
; Load POuwtput ITrmput Cost

; MEH v PMEH EW /v

o et s e e — = QUG LR TED PERT
0.0 Q.0 Q.0 Q.0
Q.0 G Q.0 Q.0
0.0 Q.0 Q.0 0.0
Q.0 QL0 0.0 G0

]
]
H
]
}

0
[}
)
H
t
3
i

Q.0 Q.0 (S ] Q.0
1
t
i
]
[}
]
1
1
]
1
:
H
t
]
t
1
i
i
1
]
!
1
]
1]
1
3
¥
]
]
H

Eirm Bim
Temp! Hour
(FYy | hr/y
FO 28,
85 59.
80 145,
7S

ey
ALt/ o

270,
264.

e
Prapchu B

244,

R

!
1

0,0 0 0.0

o did O

Q.0
0.0

0.0

0,0 0.0 0.0
0,0 0,0 0.0

0.0 0.0 0.0

h
o

i

f)

0,0

0.0 O.0 0.0

3

§

3
4N

)

oL, O 0

OO

Cra G (] 0 .G

SRS

L

0

Z 0.0 0,0
bt (ST 0,0

1
t
i
!
1
'
[
'
'
i
t
'
'
i
T
H
'
H

- §
[ 20 R I
'
b
i
'
¢
)
1
1
‘
1
'
i
'
'
i
+
i
i
|
i
t
i

e S IANCIE S SN

< -
-G &7 &l
—¢ 75 H.1

$1&, 5
e e MG EUE TED  FER T LI o omom e o e e o e e e
Q.0 0,0

. GO0 2.0
. i, 0 [N
. (S [S IS

d
J
VIR B e

S0 22 . . [N 0.0
40 4173, 0

35 ’ G.0 0.0
= 0, 0.0 [
25 95, 0w .0 G
20 zE &, 1.8 29.5

44,
KA
Sia.

=TT
/oal

28.6
e

G ow d

12.9 16301
1i1.5 R4.9
16.73 78.4
21.1 9%.8

6.0 3,

165.
Qb
a0,
29.
—& 21, 6.9 28.4

Total Cost ®481.0
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FAN AND FUMP COSTS

Job Nams : D=0 SUECON 1/3 DESIGN SYE Nate @ 11-1&-87
Building Namg : D-0 SUBDONSTRUCT 1/2 (Complex) Serial Number:
Site Name : AURORA,IL FERMI, tser Defined 6O117BL2.0

Bin Bin { Perimeter Fans H Mo Interior Zone Aall Pumps
Temp Hours | Imput Cost i Thput Cost
(F) | hr/yr FW : WA o ! : bW £ yr
e e e e e (YOG U TED S FER TOD e e o oo e e e

¥
i
1
i
1

PACI 25.8 | 45.8 S9.0 4 i 6.5 8.1
8% | 89.4 | 45.6 1535.9 | i 6.3 18.6
80 | 145.35 | 45.8 FI2.5 0 i 6.3 45.3
78 1 237.7 4 45.8 S4%.9 i &.7 74.5
70 1 270.6 1 4%.8 &£19.1 ' 6.3 84.8
63 1 264.5 435.8 HOG.2 | Q.0 0.0
60 1 255.0 45.8 Pt = B i Q.0 0.0
5% | 244.7 | 45.8 BE9.9 ' 0.0 Q.0
50 1 232, i 4%5.8 371.1 1 : Q.0 0.0
43 | 229.95 1 45.8 A23.1 0 i Q.0 0.0
40§ 2I7.6 45.8 S43.6 1 d 0.0 0.0
35 0 2I8.5 45.8 G45.7 : 0.0 0.0
oo Z218a.2 4%.8 48% .2 0 i 0. 0.0
25 | 174.5 1 45,8 Ige.I 0 : Gaty 0.0
20 3 122.4 45,6 o= 1SN N : DL Q.0
15 78.1 1 4%.49 178.7 1 ! 0.0 0.0
1004 45.1 4 4%5.48 105,59 4 ! 0.0 0.0
3 P R 45.68 ST L4 i 0.0 Q.0
(S 12.7 3 45,8 EAC I : G.0 Q.0
-3 6.2 1 4%.8 14,2 0 ' 0.0 GL0
—& 4.6 1 45.8 10.% 1 i 0.0 G0
Total Costs &7158.E 0 : $271.4

—UNDCCUFIED PERIOD-————— e

EACI 14.86 3 45.8 4 : E03 4.6
85 | IZH.E 45.8 i ' &3 11.4
80 | F7.35 1 45.8 SRTLD ) &k 1.1
7a 0 218.3F 45.8 4F32 .06 ; & &7 .4
VASIE TZ87.6 1 4%, 8 s8l1a.2 : 2.0 G
&5 46503 S8 10a0.0G | ; it 0.0
&0 S00.4 4505 1144,9 3 : (R GO
S0 0 482.0 | 45.8 1103.8 i (SIRY 0.0
S0 447 .6 1 45.8 10401 0 i (SRR .0
4% 42%.7 45.8 GET LD i 0.0 0.0
40 | 41%.7 | 45.8 F46.6 i 0.0 0.0
B 0 417.0 0 45.8 FE54.1 | ] 0.0 0.0
IO 417.4 | 45.8 FEE.0 i 0.0 0.0
25 1V FR5.2 45.8 FO4.2 1 ! 0.0 0.0
20 356.9 | 4.8 TIG.8 0 i 0.0 0.0
19 | 252.8 1 45.8 o78.4 | 0.0 0.0
10 1 165.7 1 .8 27901 J Q.0 Q.o
300 P6H.E 45.8 220,30 ' Q.0 Q.0
0 30.9 45.8 116.8 1 ; Q.0 Q.G
-3 i 25.3 45.8 o7.9 : Q.0 Q.0
-6 i 21.1 1 4% .6 R i 0.0 0.0
Total Costs i i £114.5
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COOLING COIL LOADS

Jobh + D-@ SUBCON 1/3 DESIGN SYS zone | Block
Bgllding » D-@ SUBCONSTRUCT 1/3 (Complex) Period ; All
. Site : AURORA,IL FERMI, User Defined Date : 11-16-87

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

15 25 3H 4 5 68 N 8
BIN TEMPERATURE, (F)
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o = b ED L

COOLING PLANT INPUT POWER

Job + D-@ SUBCON 1/3 DESIGN Y3 zone | Block
Buildlnz » D-@ SUBCONSTRUCT 1/3 (Complex) Period : @1l

0 Site . AURORA,IL FERMI, User Defined Date : 11-16-87

0

6@

i)

46

38

268

18

9 | | 1 ! i | i | | i i i { ]

=25 -13 0 -y }W O B 8B BN

¥ 23 33 4
BIN TEMPERATURE, (F)
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COOLING PLANT OPERATING COSTS

Joh + D-@ SUBCON 1/3 DESIGN SYS zone | Block
Bglldinz : -8 SUBCONSTRUCT 1/3 (Complex) Period | Rll
- Site : AURORA,IL FERMI, User Defined Date : 11-16-87
¢ 350
§ 300
, 298
¢ 208
/ -
¥ 150
R .
/ 160
B .
[ 5@
N o
B i ! i | | i { 1 i | i 1 | | | i | i
=25 -15 ) 63

32y 3 4 0
BIN TEMPERATURE, (F)
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L
0
A

=tdax - kA

PRIMARY HEATING PLANT LOADS

%ﬁi‘ulﬁgg AN FONTIE 173 Comles  Bariod ¢ A1

- Site . AURORA, IL FERMI, User Defined Date : 11-16-87
175

156;

125-

186+

75

50

25

5 35 45 55 65 75 85 95

o2y 3% 4 N
BIN TEMPERATURE, (1)
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t@.8

NNrUANIE UHT T ki

Job -8 SUBCON 1/3 DESIGH SY§
Bulldlng -8 SUBCONSTRUCT 1/3 (Complex)
Site : AURORA,IL FERMI, lser Defined

G PLAN
C

Zone .

Block

Perlod All

Date |

11-16-87

52,5-
P45, 6
17,5

130.0
22,5
HLS. 61

7.51

0.0
35

] i ! { | i

3.2 N 4
BIN TEMPERATURE, (F)
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PRIMARY HEATING PLANT OPERATING COSTS
Joh + D-@ SUBCON 1/3 DESIGH SY3 zone ; Block
Bqlldlna » -8 SUBCONSTRUCT 1/3 (Complex) Period | All
- Site i AURORA,IL FERMI, User Defined Date 1 11-16-87

¢ 175

{150

, 123

§ 100
7

24

25.

2 e ) T ST e T

1 i ] i | ] i 1 t | 1

5 25 35 45
BIN TEMPERATURE, (P)

25 -19
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FAN OPERATING COSTS
Job : D-@ SUBCON 1/3 DESIGN §Y$ Zone . Block
gu;ldinz » D-@ SUBCONSTRUCT 1/3 (Complex) Period | Occugled
ite
6@

URORA, IL FERMI, User Defined Date  11-16-87
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IV-c.2.
FERMILAE -0 EXFERIMENMTAL FACILITY

SUBCONSTRUCTION 1773 - COLLISION ARND ASSEMBLY HALLS
OFERATIOMAL FERFORMANCE STMULATION

- M HUMBER 1
D CEMTRAL STATION AHUT S
ENERGY FEATURER: _
HYDROMIC FREE COOLING HEAT EXCHANGER,
ME FRESSURITIZATION CONTROLS,
MG HEAST CIRCULATION FANS,
S0 ENTHALPY ECONOMIZER

ALTERMNATE COM
CENTRIFUGAL. THILLER
WITH THE
WaTER FIL

L.AKE

COGLING WATER

1987
FULOVITH

FERMILAR CONETRUDTION EMGITMEERING SERVICES
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SYSTEM INFUT SUMMARY
ATl BYE Fage 1
TRUCT 172 {(Comple:) Date : 11-16-87
Site @ AUROR s 4 e GU117842.0
o of Hrlﬂ Timg and Heating 5
********%**#*d*$*****'***************#***5**#**#**&********1************
Ae ATR HANDLING SYSTEME

1. PERIMETER TERMINAL TYFE ¢ CONETOHNT VOLUME

Jobh Mame
Buildinng

Bupply fam tvpe @ PFackwsrd inoclimed or airfoill with anlet vanes
Supply fan totael static pressuare = 2000 in. wWQ.

Feturn fan type : Controlled pitch axial
Return fan total static pressure 1.75% in. wg.
Design supply air= 42000 cfm & &7 F3 VYent., air= F000 cfm
Are coaling terminale used for heating 7 <Y
Economizer tvpe @ Integrated, enthalpy controlled
Is a ventilation reclaim device used 7 (N>
Are venti]“tian air ddmnprs rlode for unorcupied pwriodg ? {N}

H

B. HEHTTNG FLLAMNTS
1 . FPERIMETER FLQJK : ExEuTFILﬁ! RESISTANCE

Te hyvdron Sing used
LR &S #**«***ﬁ%****h'%#ﬁ*ﬁ

;1### """ S S ESEESESESESESES LSS DDS SR

Iv-25



SYSTEM INFUT SUMMAERY
Job Mame @0 D0 SUBCOM 173 ALT 1 8YE Fage 2
Building Name @ D-0 SURBCONMETRUCT 172 (Complex) Date @ 11-1&6-87
; AURDRA,TL FERMI, User Defined HEO117BED.O
of fAnalvsis @ Cooling and Heating Svstems
I ESSES S ESS S S5 ESRSSEESISE RSSO VESERSELSDESISIERERSDSRERDS DRSS
C. DODLING PLAMNTS

1. FPERIMETER FLANT @ CENTRIFUGAL WATER COOLED CHILLER
Capacity @ 85 F entering water = 75.0 tons
W/ Ton @ 85% F entering water = .78 kw/ton
Is hydronic cooling used 7 <Y>
Iz chilled water resst used 7 INE:
le condenser performance altitude adiusted 7 <Y>»
Heat sink type @ Open cooling tower
Minimum entering water temperature = 22 F
Is a hydronic economizer used 7 LY¥x 3 Economizer efficiency = B8O %
Number of sequenced chillers = 2
KO0k ok ok ok KK Ok Kk 3k K S K K KR K SR ORR R K RO R R R R R R o Do R R o R ok R R R Rk Rk R
DL PUMPFING SYSTEMS

1 Fé wigg | dT, + PodF. ft o owg
: ; O3 00 H 0L D0 ;
i H O, 00 H Cr o 0 :
: H 0, 3 j Oy, OO0 !
: i 1, i H O, OO H

A S S S SRS REEDS SRR SRS ET SRS S

E.A u N!.J!\J—-HL

1. MOR-H T
[ 1 r..l f..‘ * 1 I" ..1 = e .‘:_l l' ‘/‘\!
L bW
= L0 kw

:1##%* LSS SRS REERER SRS SN

i nsa $£5therm
S WY : o £ULE gal

H : .Fropdnr H n/a %/1b
Resistance | i tRemote Heating nsa $/MBETU
Irmcductive H i tRemote Cocling n/a $/MBETU

Compres
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Fresr oo
Lone
Serial
AOll
%é*i#*ﬁ## S5 S RSP ESSSRRERSRERRERSDERERERELRSED LSS SN
3 1 Enerogy or Fuesl

Umites RUIF DOE RIF
W) Consumed BTUY (L1000 BT
Electric (Dco) 7874 187872 kwh/yr 18317320 an8819
Flectric (Unococco) 12624 D272475 kwhiyr Z160711 Q9958
Matural Gas 0 o therms/vr O o]
Fuel 011 0 0 ULE. galdyr Q 0
Fropane 0 G lbsvr 0 )

iy

e By

Remote Heating 0 O METU v % ¥
Remote Cooling Q O MBTU/ v 0 Q

HVAD Total 21EL7 49920%1 1468776

RO -—-HY ST

Bl
B

"\"'x"‘lg'\:__l

1422298
17517301

ical Ernergy

aan

R W
TLE RUF anmd
ot l = ” at H.!

1t FYJDMHP = 4 FFH FUF and RIF
R = source utilization factaor
RIF = Resource impact factor (Foin
MEH = 1000 BTU e
METL = Millicem BTU

Thesrm mat
L&,
I.lul.

iH?d%&MEA
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ArbUaL OFERATING COSTD

alLT 1L BYS Fage 1

STRUST 173 {(Comples) Date ¢ 11l-16-8B7

Dies f 4 e HGULIT7B6Z.0
arnd He

Job Mams o DU
Building
Site @ AURDE
Soope of

FREERF R R A «

Svstems
7 KK SRS SSEENEEES SRR EES S
AL ATR HARNDGL TNG Far OFERGTING COST = F00G,0473)
1. FERIMETER TER ' VO UE
Supply fan types @ Bachward inclined or ailrfoll with inlet vanes
Supply fan teotal static pressure = .00 in. wWQ.
Return farn type : Controlled pitch axial
Return fan total static pressure = 1.78 in. wg.
Decign supply air= 42000 cfm & 67 Fy Vent. airs= 2000 cfm
fire cooling terminals wsed for heating 7 <VY:
Economizer type : Integrated, enthalpy controlled
Is a ventilation reclaim device used T IN»
Are ventilation air dampers closed for wunoccupied periods 7 <ING
1SS E S EEEE S TSI ELEL TSRS ORISR ESERL SRR EL RS EREIOTL TSRS RSS
B. HEATING FLANTS (AMNKUAL HEATING FLANT OFERATING COST = $498)
1« FERIMETER FLANT @ ELECTRIL RESISTANDE
Te hyderonic TiETL L T
IS S SSERESES SRS LSS S SN

)

i
-

IS S S S S ESF S SRS RS PERSEESEFEOEEREELD S
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ANMNUAL OFERATING COSTS
Jobtr Mame @ D-0 SURCOW 172 ALT 1 8YE Fagse &
Building Mam -0 SQURBCONSTRUCT 173 (Complex) Date : 11-16-87
Site @ AURMK T, FERMI, User Definsd EOL17BEELO
Scope of Analysis @ Cocling and Heating Systems
22322 EEEETL LTRSS PERLSEEPSO Ry
C. COOLING FLANTS (anRUAL TOOLING FLANT DPERATING COST = 58T

L=t 3n

2

1. PERIMETER PLANT ¢ CENTRIFUGAL WATER COOLED CHILLER
Capacity @ 85 F entering water = 75.0 tons
EW/Ton @ 8% F entering water = 0.78 kw/ton
Iz hydronic cocling used 7 4Y>
Is chilled water reset used 7 <N&
Is condenser performance altitude adijusted 7 <Y:
Heat sink tyvpe @ Open coocling tower
Minimum entering water temperature = I2 F
Is a hydronic economizer used 7 <Yr ;3 Economizer efficiency = 80 %
Number of sequenced chillers = 2
30K K KKK K KKK K K KK K K K 3KOK K K KK K KK 0K 30K KOK K 0K EOROK K KKK 0K R OKOKOR KK ROk R ok Ok O KK O K K ROk X
D. PUMFING SYSTEMS (QNHUAL FUMF OFPERATING COST = 32941
! ' FERIMETER : i
i Svstem i aT, F podF, ftowg o a7, F iodR, ftowg
i Chilled water
o Hot watsr
P Condenser water
P Ground water
EAEXRERKER
E. NONM~HVAC
1. NON-HYAE
Lighting kw: Oucup
Misc. kw : Ocoupiso
(ther kw s Oooupied =
2. DHW O SYBETEM (Mot wtil
(S ES S SRS DISRESSSEDSS
F.o FUEL COETS {
3 H Freriod VorR. OTHER FUELS Uit Cost
ELECTRICAL | Oococupied | Unooouwpied o - -
EMNERGY USE | (% v (F kwing !

10,

: L0 00
Gy G0 ; 1. O

i

]

OO0 ; O, 00 !
(O, 300 H OO0 i
H :

3

’

t
13
i
10,00 S, OO0 H (:.\ e (-) [als]
i
|

G, 00 ! ] 00

FREXEEER R Y%#*#*#****““#*#****#**$$$#$**#****#**
{ rxNHl el MON-HYAD OFERASTING COBT = 47,079

,,;. -

EE

™

T2 kw
0 bW
b

bwy Unmoocoupiled =
Unnocoupisd =
Urnococupied =
{1 J

SRS RS SESSEEEES LSRR S
- ATING CO3T = 368, 596)

: rmnsa %ftrerm
3 ; n/a #/U0.85.gal1
Compressoar | Q.00 : T | .Frupane : rnsa $/1b
Resistance | Ca G50 d QL GEO i TRemote Heating | nsa $/MBETU
Inductive i OL. 050 ; i tRemote Cooling n/a £/METU

CL O30
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11-16-87
Mumber s

e

Paume @

JC)I:'
Buidd

1

(Comples)
irmed

-“

Birm ) | Cooling Flant Mo Imterior Zone E
Teanp ! Howrs (0oi1l L Irput (W
(F) § hrdyr ! “EH bl

e s v coere v oo Svsme Sos0s vense Seees bvmes saens 4rise smres st feees amet Srats Semet sases St aaent sere Srber sbres sesss Corss Lerws e A Siown et et (j 4\";

O &Hb&G W2 LGN

i
H
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i
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v

]

e =%y bty S o
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g0 age .0 2
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n
A ~Nid O

&5 ] 0.
&0 25,0 0.0
5 0.0

(.0

i

3 H

i H
e L i
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Jdoks
Euil
Site

i

)
A

e

it}

— T

"
{

-

QO

g5

80

7
Fis
&5
&0
badal
16
45
40

t

-

3

d
LCRN

L
[ =}
\.A'
)
— B
o

—~&
Tota

Mame
airng Mam

n
H

Fame

YOBin ; Cod 1 : S imarty
P Houwrs ; ITrput
TS o :

-G

g 0,0 .0 Q.0
4 0.0 .0 0.0
3 Q.0 Q.0 0.0
7 Q.0 0,0 Q.0
& 0.0 Q.0 0,0
3 0.0 0.0 Q.0
O 0,0 0.0 QL

Cra i
L0

O

3 NS NN

f

e T

WL
y
o S
- -y
[ B

~d

-

41A
417
417

.4
s, 0
I36. -0 &0 1.8
252, 44 .G 44,0 2.9

165.
76,

9.1
54

e hw

A

23.6

i

R I

b X

50.9 72,1 7z 21,1
25,5 88.6 88.6 26.0

i
t
1
i
i
1
i
1
i
i
t
1l
{
i
i
i
i
i
L}
i
t
)
]
¢
i
'
i

o

L)

P

R R |
1

?1.9 1.9

Costs

lanmt

C b
EFAYE
UFTED FERI
Q.0
G.O
QL0
0,0

0,4
0,10
O i

.

3, O
0.0
.0
0,0

oo
2.
167,
2]
a
.

o
R A 8

1
4

i oo s 00 R

!
P
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i
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1
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Nam

N\
Y

Job Name:
EBuilding

FaN AND FUMF COSTS

-0 GURCOM L/ ALT 1 8Y%
g ¢ D=0 BUBDONSTRUCT 173 (Comples)

Date
Serial

11-1&-87
Mumbei

Site Name : AURORA,IL FERMI, User Defined &0117862.0

Eim 3 Binm
Tempi Houirs
(F3 3 hr/vr
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COOLING COIL LOADS
Joh ¢ D-6 SUBCON 1/3 4LT 1 SYS Zone  Block
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COOLING PLANT INPUT POWER
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PRIMARY HERTING PLANT LOADS
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FRIMARY HEATING PLANT INPUT POWER
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PRIMARY HEATING PLANT OPERATING COSTS
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FAN OPERATING COSTS
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IV-c.3.
FERMILAE D-0 EXFERIMENTAL FACZILITY

SUBCONSTRUCTION 172 -~ COLLISION AND ASSEMELY HALLS
OFERATIONAL FERFORMANCE SIMULATION
SLTERNATE COMPARISON SYSTEM NUMEBER 2
TYFRICAL FYL1275 DESIGN — BASBIC SYSTEM

FRECIFROCATING CHILLERS AND CENTRAL STATION AHU'S

WITHOUT ENERGEY FEATURES - FOND WATER COOLING

E1 OQUTOBER, 1987
ANALYSET : S.FERSTULOVICH

FERMILAR CONSTRUCTION EMBINEERING SERVICES
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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>
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FERIMETER FLANT @ RECIFROC&GTING WA&TER COOLED
Capacity @ 83 F entering water = 3.0 tons
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Is hydronic cooling used 7 e
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COOLING COIL LOADS
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COOLING PLANT INPUT POWER
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COOLING PLANT OPERATING COSTS
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FRIMARY HEATING PLANT OPERATING COSTS
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FERMILAR D—-0O EXFERIMENTAL FACILITY
SUECONSTRUCTION 2/% - MCH, FLATFORM & SIDEEAY AREAS WITH DOHW SYSTEMS
BRUILDING SECTOR FHYSICAL FARAMETERS AND DESCRIFTIONM
1 QUTORER, 19867
ANALYST: S.F.ERSTULOVICH

FERMILAE CONSTRUCTION ENGINEERING SERVICES



COMPLEY BUILDING INFUT SUMMARY
Building Name : D-0O SUBCONSTRUCT 2/2 Date @ 11-16-87
Site @ AURDRA, 1L FERMI, User Defined 61178620
I 2131312233325 22 520020222000t ns st s sy
1. ROOM CONDITIONS AND FLOOR ARERS
Thermostat settings @ Cooling = 78 Fi Heating = 68 F; Setback = o F
Warm-up factor = O %3 FRoom design relative bhumidity = 50 %
Floor Areas: Ferimeter = 16,500 Sgft; Interior = 1,200 Saft
Cooling provided duwring unoccupled period.
2. WALLS, ROOF, GLASS, SBEYLIGHTS:
Area U-Factor Glass Area Blass U-Factor
Exposure (Sgft) BETU/ (hr—sgft—F) (Sagft) BETU/ (hr-sqft—-F)
North Wall 5,300 0.130 0 1.130
Northeast Wall O 0.130 O 1.130
East Wall 600 0O.150 0 1.130
Southeast Wall (] 0,150 O 1.130
South Wall 0 0.150 O 1.130
Southwest Wall 0 0.150 ] 1.170
West Wall SO0 0.150 8] 1
Northwest Wall o 180 o 1.130
Ferimeter Roof 4,400 G 130 W 0.850
Interior Roof O 0. 17350 o 0
WALLS: Color = Darks:; Wb. = Medium; ROOF: Color = Mediums; Wt. = Medium
BUILLDIMNG WT. = Medium; VERTICAL GLABS : Single Glazed
Ghade Factors @ Glass = 1.000 3 Skylights = 0,000
Irnternal shades are not used. 3 A ceilling plenum is not used.
T. LIGHTE:
Ferimeter @  2.000 Watts/Soft = 49,500 Watts Total
Interior @ .00 Watts Saft = TL,R00 Watts Total
Diversity Factors @ (ooupied = 100 %3 Urocoupied Q@O
Farimeter Light Ballast . recessed
Interior Lights @ Ballast , exposed
4. MISCELLANEOUS ELECTRIOAL LOADE:
Ferimeter @ Uccupied = 12,727 Watts/Bqft = 210,000 Watts Total
Unocoupied =  4.242 Watts/Sagft = 7,000 Watts Total
Interior @ Occupied = UE44.154 Watts//bgft = 450,000 Watts Total
Unoccupied = “L115.3538% Watts/Saft = 150,000 Watts Total
8. FEOFLE LLOADS
Total Dccupancy = 59% sqft/person = Z0 people total
Aactivity Level: 2. Office or retail
Sernsible = Z4%.0 EBTU/hr/person; Latent = 205.0 BTU/hr/person
Diversity Factors : Occupied = 70 %:; Unoccupied = 20 A
6. MISCELLANEOUS INTERNAL LOADS:
Sensible : Occupied = O BTU/hry Unoccupied = Q BTU e
Latent 1 Occupied = O BTU/hri Unoccupied = O BTU/

7. WALLS ADJACENT TO NON-CONDITIONED REGIONS:

H

i

-

Wall Ares p Perimeter = FL.E00 Sgft: Interior = O Soft
Wall U-Factor = OQJEZD BTU/ (hr-sgft—-F)

Adiacent recion healing temperature = &0 F

Adiacent ion cooling temperature = 60 F

8. INFILTRATION DATA:
Air Flow Rates: Occupled = S0 cfmy; Unoooupled = O cfm
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SOLAR BAIN SUMMARY
Building Name @ D-0 SUBCONSTRUCT 277 (Comple) Date : 11-16-87

Site Mame : AURDRS,IL FERMI. User Defined 011786200

TAEBLE 1. SOLAR BGAINDS BY EXFOSURE
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Site Name @ AURORA,IL FERMI,
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SYSTEM INFUT SUMMARY

DESIGH BYR Fa
CONSTRUCT 2/7% {(Complex) Date @ 11

ol &HEO117862.0

Jab Mame 3 DG
Building Name

Site @ AURORS, TL FERH1H UE@F Define:
Scops of Arnalysis Conling and Heating Syvstemns

LSS S SRS SRR SS ES S ESESP LSS RES RS EEERSREER SRS RS S
B AR HAMNDL IMG 5
fire perimeter and interior zone on same supply fan 7 ON:
1. FPERIMETER TERMIMAL TYFE @ CONSTANT VOLUME
Supply fan type @ Forweard curved
Supply fan total static pressuwre = 2,00 in. wWg.
Return fan type : Controlled pitch axial
Return fan total static pressure = 1.00 in. wg.
Design supply air= 3&000 cfm @ S5 Fj; Vent. air= &EOO ofm
Are cooling terminale used for heating 7 <Y>»
Economizer type : Integrated, enthalpy controlled
Is a ventilation reclaim device used 7 IN&
Are ventilation air dampers closed for unoccupied periods 7 <N>F

2. INTERIOR TERMINAL TYPFE 0 CONSTASNT VOLUME
Supply fan type ¢ Forward curved
Supply fan
fAoreturn Tanm
Design supply
fr o economizer : b
Te a verntilation reolal
+i1%+iﬂw “ir

= D, I, Wi

R ¥
d for woccupied periods FOUNE
BESESESSESEESSEEECESSRESER LRSS SRS

& W
EEAEE AR
E. E4Eﬁs.ﬂdb rﬁ é”
Do ome pri
1 . BLOCE FlLA&

Te tevcdhromio
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SYSTEM IWNFUT SUMMARY
Jdob Nams : D-0 3 D SYE Fage 2
Buildirg Mame @ D0 SUBRCONSTRUCT 2 {Camplex) Date : 11-16-87
Site @ AURDIRA, L FERMI, User Defined AO1178&62.0
Srope of Analysis @ Cooling and Heating Svstems

o

. COOLING FLANTS
Does one plant serve perimeter and interior

-

1. BLOCE FLANT : RECIFROCATING WATER COOLED
Capacity @ 85 F entering water = 230.0 tons
EW/Ton @ 8% F entering water = 0.83 kw/ton
Ie hydronic cooling used 7 <Y
Is chilled water reset ussd 7 IN:
Is hot gaszs bypass used 7 <N»
Is condenser performance altitude adiusted 7 <Y>
Is there one compressor per condenser circudt 7 o<Y>
Are compressors oyocled 7 oOYs
Heat sink type @ Opern cooling towsr
Mirmimuwm entering water temperature = 32 F
Te & hydronioc @ i i : Ecornomizer efficiency = 80 %
FEXREFERE S S ST SRS SRS LSS RSO ESE S
D FLIFFING SYSTEMS

Fhk Ry R

CIMETER
i Bystem i dT. F PodP, fhown

; INTERIOR H
i a7, F oo, ftowg

: 100, G

H [A RIS
i LY

0,00 0,00
O, 00

VUl lled water : H
¥ i
] i
O, 00 ; G, 00 i
I ]
i ]

Hot water
Vv Dondenser water
v Ground water :
EERARREEEA KRR EREREA R R R E R R X

B, MON-HUWAT SYSTEMS
e MODM~HVEC AN

:

! QL0
-t !
4

O, 00

= H.1 kw
= S0 ko

= SIS B Sy
KEEREEEA KR
F.o FUEL

OTHER FUELS Uit Cost

nia $/therm
n/a $/U.8.gal
n/a £/1b
Heating n/a $/MBTU
cooling nsa H/MBTU

1. ; g X wls!
ELECTRICAL | Ocoupled | Unocoupiled
ENERGY USE (% bwh) | (% bwh

iNatural Gas ;
TRl il

VFropane

it

Compressor | Q.050
Resistance [
Inductive ; 0L 050 : O Q50
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s
~
o
i
=
o

!
H
L
i

o

O, ORD H
i
t
1
¥
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Feriod @ A1
Tong @ BHlook
Serial Mumber:
GOL1I78H0 .0
SESESEEEEE RSP SELS SRS DS
e Fuel

Uit DOE RUF DOE RIF
Consumed (LOGO BTU) (100 BTULD

**-*i******rﬁﬁ*** X*i
HY A ERERE

Component

Electric (Occ) 19356 IBT1ILE kwh/yr 44905440 SRLZ25
Electric (Unoco) 14947 298R5E hwh/yr Z286E66G2 1019585
MNatural Gas W a th#rm%/vr 0 o
Fuel 0il % 0 U.S. gal/yr (
Fropane 8 ¢ ]b/vr

Remote Heating O O METU v
Remote Cooling o O MBTLU vr % O

HVAL Total

b
-
LR e

ol

o~
1t

7957232 2T41210

POM-HYSD ENE

Electric | ,
Electric {Umol

11109

Ha48.9E

..... Emeroy

PO TR Y

and BTF

FUF and RIF

uwtilization factor (Source values)
impact factor (Foint of use valusg)
S

MESTL == Hxlllmm HWU

1 ITmp. gal oil i
1 1b propame =
P =
FIF =% :
MEBH =2 100
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STING COETS

e A
Jrad

it L L CHTEED 3 B 5 ) S E . A o/

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
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C.o COOLIMNG FLANTS CaknUIsL, OO IMNG
one plﬁmt searve perimster and interic

GH31L1784&62 .0

';Lk*#T###H*******ﬁiiﬁﬁﬁii***i**
OFERATING CO8T = %$15,564)

Y

id
Pt

1. BLOCH PLANT  RECIFROCATING WATER COOLED
Capacity @ 8% F entering water = 2320.0 tons

EWsTon @ 83 F entering water = 0.8% kw/ton

Is hvdronic cooling used 7 :

Is chilled water reset used 7 <>

= hot gas bypass used 7 Nk

Is condenser performance altitude adiusted 7T <Y

s there one compressor per condenser circult 7 odY>r

Are A

Heat

Hi i

i

¥

]
i

‘*)“ﬂp‘*’}'y“?
E . RO

. BRI

k%*##kﬁi’
3TInGE C

N ; Ferdnd . OTHER FUELS Uit Cost
E LEC T RICAL | Ooocupided | oUnoooupmilen] 1 o o o o o e e e o o e o et e
ENERE S (£ cwhy (% /bwtid VoiMatural Gas nAa #/therm

uel i1l nsa £/U0.8.0al

¥
]
S '

Compressor VFropane ; nsfa 710
i3S i
3

Fesistancs emote Heating nsa $BRTL
Inductive Remote Cooling nsa #MBTU
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COsTH

11-16-87
Mumber s
0

I
(\,....-.

Job Mame @ DO
Fuilding Name
St

Ein |
Temp i
(Fiy + hriyr

iCoil Lo
' MEH
FERTOD——m——

90 ! 2E.8 !
5 1 59.4 ! 7 C
80 ! 145.3 | 9 180, 1090G.0
5 1 23I7.7 4 140, 4 1668.4
70 0 270.6 ) 9 27 .6 17326.5
65 1 264.5 ! 1960 . 5 107.3 1419.0
60 1 255,0 | 1754.9 el 1175.9
8% | 244.7 | 1557, 6 78.1 955.8
50 ¢ 2E2.1 ! 1587, 6 7.6 842.5
45 | 229.5 | & 65,7 7SI.6
40 1 2I7.6 6 BL. T 667 .7
T8 L DEBLS | : ‘ B70.L
=000 218,70 440,0
25 174.% ) 2G4, 0
2000 172.4 TG
15 1 78.1 4
1000 4&.1 &
ST T 4
aoro1R.7 3
—5 5,2 5 G
-l Lo 5.
Total

i
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COSTS

HESTING FLANT

Job Mame

Bim
Temp !
i
i

(F)

Flamnt Used

POutput Iﬁhut
PoMEH bl AV

-=LCUFTEDR

a ! Q.0 .0 Q.0
4 Q.0 Q,0 0,0
00 L0
7o 0,0 |
& 0.0 |
b B 0.0 |
Q| Q.0
7o G.0 0
1 3 Q.0 g
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| ey ] 1
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COOLING COIL LOADS
Joh i D-@ SUBCON 2/3 DESIGN Y5
Bglldlng . D-@ SUBCONSTRUCT 2/3 (Complex)
$ite | AURORA,IL TERMI, User Defined

zone  Elock
Period | All
Date ; 11-16-87

468e

336@
L3600

0 d
%259@
, 2008

HL500—
B .

H168@8-
288

|
|
|
|
J

2y 33 4
BIN TEMPERATURE, (F)
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fOANT .
Job & D-8 SUBCON 2/3 DESICH §Y$ Zone . Block
Bulldlng » D-@ SUBCONSTRUCT 2/3 (Complex) Period  All
- Site ! AURORA,IL FERMI, User Defined Date | 11-16-87
350
P jed
0 k
H 258
E .
R 2068
158
i 188

B' ! ! | i i j
-2 -1 =) 38 B &
BIN TEMPERATURE, (F)

5 6 T 85 9%
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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 DESICGN SY$
ulldlng D-8 SUBCONSTRUCT 2/3 (Complex)
URORA, IL FERMI, User Defined

Zone |

Period .

Date ;

Block
All
11-16-87

8.78-

Site
86

39.69'
48,58

D -
,8.48

Mg, 38

B .
He. 2@
g.1@

880

-23

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

S5 5 5 15 25 35 45 55
BIN TEMPERATURE, ()




FAN OPERATING COSTS
Joh + D-@ SUBCON 2/3 DESIGN §Y$ Zone . Block
Bulldxng D-8 SUBCONSTRUCT 2/3 (Complex: Period A1l
" Site . RURORA,IL FERKI, User Defined Date : 11-16-87

{16501
T 960
" 750
§ 600
f" N
V450
R .
7 100
B o
[ 150
N

5 2 35 1
BIN TEMPERATURE, (F)
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SYSTEM THFUT SUMPASRY

.
1 SY3

e

Job Names @ D0 UH_UN Fage 1
Building Mame @ D ! ! lenst) Date @ 11-16-87
Site ﬁUPOPﬁ,IL 4_RMI, Jmer Defing &117865 .0
Soape of Anal s Dooling anc sating Svstems
**%*******Y*###Xﬁi*#Y#%#ﬁ***i ?k#*%**ﬁ**#*«i*#*##*%####%#**#iﬁuixiiﬁxii
A. AR HANDL ING BYSTEMS
fAre perimeter and interior zoms on same supply farm 7 GN:
1. PERIMETER TERMINAL TYRE @ CONSTANT VOLUME
Supply fam type @ Forward CUFde
Supply fan total static pressure = 2,00 in. wg.
Return fan type : Controlled pitch axial
Feturrn fan total static pressure = 1.00 in. wg.
Design supply air= Z6000 ofm @ 55 Fi; Vent. air= &00 cfm
Are cooling terminals used for heating 7 <Y>
Economizer tvpe @ Integrated, enthalpy controlled
Iz a ventilation reclaim device used 7 <N>
Are ventilation air dampers closed for wnoccupied periods 7 <N:

2. INTERIOR TEFMINH& TYFE = CDN"”QNT VOLUME
Supply fa Forwaro 4
Supply i SOl dm. wo.

Vet . sl Cootm

7 xNu

amd interior 7OOY >

\“:..\‘Hl L e . K
R I T T I I I I ™

V-23



v
SURCOM ALLT

D=0 SLIBCOMSTRUCT F A{Complen)
FERMI, User Defined

LT

o
pod
P

B SUMMAaRY

BY

5
nl

Job Mame ¢ DO
Building Mame
AURORA,
Scope of Analys
EXRREXEXRER kKK
. COOLING PLANTS

Doss one plant

e W e
AT
R

&7
1

i

Site @

Cooling and Heating Svstems

peramster and interior 7OOY>
COOLED CHILLER
2Z0.0 tons

078 kw/ton

WATER

BLOCE FLANT @ CENTRIFUGAL
Capacity & BS F sntering water
EW/Ton @ 85 F entering water
Ie hydronic ceooling used 7 <Y:

Is chilled water reset used “E
Is condenzser performance

1.

altitude adiusted 7 <Y:

Heat sink type : Open cooling tower .
Mimnimum entering water tempsrature = I8 F

Is a hydronic economizesr DoAY E g

Mumber of seguenced i
EXEXRE XX PR SRS R RS EESEEEEESESES S
D, FUMFING SYSTEHS

Liseadd

e e

O

S ES SRS S EES RS ST SIS

F

o
L0

v Dondens

b Ground
EE AR E 4 E ¥
MNOM-HY S0
fOM~F

ISR TE!

2SS ERES SN

wat

=.
1.
b

b g

EESES SRS RES S

T Ratural
tFuel Q11
iFropanes

H
i
i tRemote Healting
i

O, 050 H i

O, O%0 :

G, OBO H ]

i
i
i
i
1
i
+
1
+
i

G0

V-24

Economizer efficiency =

INTERIOR

g0 “
IS SRS SR SRS

podfF, ftowg
(SR NIN]
0,00
NS IS]
OO0
FRREERE XY R R

£ 3 ¥

1 okbw
kW
O L0 b

LSS S S

Unit Cost
%7 therm
s/U.S.gal
/10
$/METU
®/MBTU

s
s
i

[IEE Y]

n./
n/
n/a
n/a

f:
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It
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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



Jotby Mame Fage 1
Building : . Date @ 11-16-87
Site @ AURORA, IL FERMI, User Desfined HOL1TESL2.0
Scopg of Analysis @ Cooling and Heasting Svst
LSS 2220 S22 CE ST ES ISR ESSTSETNED
o ATR HARKDL ING B (AMNUAL F AN
Are perineter and interior fone On sane I
1. PERIMETER TERMINSL TYFE @ CONETANT VOLUME
Supply fan type @ Forward curved
Supply fan total static pressure
Feturn far tyvpe : Controlled pitch axial
Return fan total static pressure 1.00 in. wg.
Design supply air= Z&000 ofm @ 55 Fi1 Vant. airs= &L ofm
Are cooling terminals wsed for beating ? <Y:
Economizer type : Integrated, enthalpy controlled
Is a ventilation reclaim device used 7 N>
Are ventilation air dampers closed for unoccupied periods 7 <N»

FRERERRF R ARRKRR KKK
0ET = $10,370)

it

2.00 in. wog.

EU

PR INTERIOR TERMINSL TYRE @ CONSTANT VOLUME
Supply fam btype @ Forward curved

Supoly fan total e

A oreturn Yan ds "

Design supply &irs

A BconomlEer 18 no

Te a ventilation ¢

fire wentbil !

LSS SS SRS S SEEES RS ESES TS

E. HEATING FLANTS {AMMUAL H

Dogs one iy heating

1« BLOCK C

T Iy T

FRAHERKE A X R R LA

= 0.0 iR, wg.

ofm @ 5E Fy Vent. airs CGoofm

B

s TN
S 2222222
COST = $0)

o~y Rawe

anc interioe 7TOY:

alr dampe

g
i

HR KOO OO OO R B KR KRR KK



GFERSTING

COSTS

Jexty Mame SY 5 Fags 2
Building {Comple) 5 11-16-87
Site @ ALRD AOL1786E2.0

Soope of fAnals
**é#&#*#*##“'
Flhh &
plaint

.—H_Jrul
EXEFEEERRREES
COOL ITHE L
and

-
H
L

¢¥

Qe
1. BLOTHE FLANT
Capacity @ 85 F entering
EW/Ton @ 85 F entering

I hyvdronic cooling

®
H

CEMTRIFUGAL

WATER CD
water

water
used R

Lan )
=3

I chilled water used T OONE
I's condenser pesrformance altitude

Heat sink type Open
Minimum entering wa

cooling tower
ter temperature

.7o

adjijusted 7

[
-y
P

tems
IS S SRS SRS S LSS
T OFE S I NG
interior LY

%

FEEERR R RE R

¥k
' Fi8.315)

OLED
I0.L0

CHILLER
torns
kw/ton

RS

Is a hydronic economizer used 7 AY:> 31 Economirer efficiency = BO %
Number of seguenced chillers = 2
S S SR EEEELSESBESELEESEEEEESSEERSEESEES ok ok kkk kK
SBYBTEMS CanMUSL PUME OPERATING %5, GEY)
; i |
boDi 1) :

Mot
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H nsa £/AMBTU
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t
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Féard AND
ALT 10 8Y Date @ 11-1&-87
STRUCT 272 (Comples) Serial
Te User Deftined &L
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SGite Name
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1 1 t

P - ¥ i
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COOLING COIL LOADS
Jok + D-@ SUBCON 2/3 ALT 1 5Y$ Zone . Block
Bulldlnz . D-@ SUBCONSTRUCT 2/3 (Complex) Period | All
$ite | RURORA,IL FERMI, User Defined Date : 11-16-87

4000
35001
13600+
dasor:
o
L5661
o0
5601




$ite |
€

COOLING PLANT INPUT POWER
Joh & D-@ SUBCON 2/3 ALT 1 §Y§ Zone | Block
Bunldnng : D-@ SUBCONSTRUCT 2/3 (Complex) Period | All
URORA, IL FERKI, lser Defined Date | 11-16-87

350,

P 300

0
W 23@

E J
R 208

150

i 160

il

-23

-5 -5 55 65 75 85 95

3 2% 34
BIN TEMPERATURE, (F)
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COOLING PLANT OPERATING COSTS

Joh i D-@ SUECON 2/3 ALT 1 SY§ Zone | Block
Buxldlng . D-@ SUBCONSTRUCT 2/3 (Complex) Period  All
$ite | AURORA,IL TERMI, User Defined Date | 11-16-87
4@6a
83589i
%3888
, 2908
$200¢
/ .
%1588
/1068
B .
| H@e
r—
=23 -1y -3 B3 T 8 9

25 35 45 55
BIN TEMPERATURE, (F)
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PRIMARY HEATING PLANT LOADS
Job  D-@ SUBCON 2/3 ALT 1 $YS Zone . Block
Buxldxng + D-@ SUBCONSTRUCT 2/3 (Complex) Period : All

00 S$ite | AURORA,IL FERMI, User Defined Date 1 11-16-87

g.7¢

14,68
0 4

A@. 5@
D

8,48

M8, 38-

He.28

g.1e

B.Bﬂ tr 1 1 1 J 1 + T tr— 1T 11T + 1T T+ T T =T T 1
ot H I H I 3o 3 4
BIN TEMPERRTURE, (F)




FAN OPERATING COSTS

Joh | D-@ SUBCON 2/3 ALT 1 SY$
Buxldlng D-8 SUBCONSTRUCT 2/3 (Complex)

” $ite . AURORA,IL FERMI, Us

ey Defined

zone . Block
Period | A1l
Date : 11-16-87

15 2% 35 4
BIN TEMPERATURE, (F)
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LMY

Jotry Name ¢ D0 SUBRCDE
Budlding Mame
g AR
of Analysl
¥ CEERE R R ER MR
Pie EIR HAMDL ITHNG 5?%
fire QErime
1. FERIMETER
Supply Tan 31
Supply fan tatlc oressure = 0 2050 dn. Wg.
Return fan type H EDntralled pitoh axial
Feturn fan total static pressure = L25 in. wa.
Design supply ailr= Z&000 ofm @ 55 F@ Vent. airs &HOO cfm
Are cooling terminals used for heating 7 <Y:
An economizer is not used.
Is a ventilation reclaim device used 7 N>
Are ventilation air dampers closed for unooccupled periods 7 <N:

Fages 1
Date 11~16~%7
117865,

(A S RESSRSDERRS S RERS

IRTERIOR TER mrm . TYFE : SAOLLLIME
Supnly fan 3
S ;.n..-. W

e L LLE

Frvdronioc

SITTITS

V-37



Rz
f

il
+d

(Comples ) Date

fons
) Pt
o e
[3
!
m
N

P
o=

o e
!__-'4
—
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-
s
i

af Sms 1\,;1\,

-

*#*&*i;***ﬁ . k& J* ****%%#%*ﬁ*#$*$$*#***-***mi##ﬂnﬂ***ﬁ**¥**#*
C. COGLING Fi. x? "C;

*1. BLOCE FLANMT : RECIFROCATING WATER COOLED
Capacity @ 8% F entering water = 230.0 tons
FWATon @ 8% F entering water = 1.00 kw/ton
Is hydronic coocling uwsed 7 <Y>»
Is chilled water resset used 7 N>
Is hot gas bypass used 7 <IN>
Is condernser performance altitude adiusted 7 N>
Is there one compressor per condenser circuit 7 Y5
Are compressors cycled 7 <N
Heat sink type @ Closed circuit cooling tower
Minimum entering water temnprﬁture = a0
Tz a hyvdromic 3T
IS EE S S SRS
. FPUMPING

ITRTERTOR !
N ] S T B

Systen

03, 040

f.:’ (:) ¥

Cr L O

SET2ESE T

#1%%*##*1

Ground water ; s ; !
FEERE i#ﬁ*“*mdﬁ. i ¥
B NOM--

1
1
]
i
1
1
i
i
'Y

= b
= b

= Greid ke

-4#?# S S S ESEESE LR DIRSS

. ] &y Pord. OTHER FUELE | Uit Cost
ELECTRICAL | Gococupied UHQ“LUDiﬁd e
ENERGY USE (F/kwhy (% bwl) i iNatural Gas i n/sa $/7therm
[ VOO U Y " ceres v mmins saaas e Soves o veabn dvens b Seoms Boees Shses sesta Heses saves Seren sames veomt : F-LIE':' 1 ["J J 1 } i /E\ $/U - S - C,!f:\l
Compressor o EO ! pranes ; n/a $/1b
Fesistance O, D80 : 'Gmutv Healting | n/a $/METU
Imductive H Cooling o nsa S/MBTU

fl:lll
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Electiric {(Oco)
Electric (lUnocc)
Natural Gas

Fuel 0il

Fropane

Remote Heating
Remote Cooling

HYAD Total

1

&0 1302

0

o

"

Li.
1/ vr

0O METU vE
METU v

o

wiom

AR EE LR A F A

i ]

bwh/yr
Ewh/yr
therms/ v

gal/yr

FLIF
ETLH
7AQR284E
6G75101
@]
&

DOE
{ 100

P el

205

4328

IFLE
D4
1

£y

P

o

1o

6158

CLmmary
1

11l propans

METL

(R
impeact
gile
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IAE S S SRS
POFERS

il

! o
1o PERIMETER TER
Supply fan type @ Forward cur
Supply fan totel static pres:
Returrn fan type : Comtrolled pit
Feturn fan total static pres = 1.28% in. wg.
Design supply airps= MY oo fm Fi Vent. air= &HOO ofm
Are CDullﬂu tern ;H"m1~~ used for heating 7 OY:
AN economizer 1s not ussad.
a ventilation reclaim device used 7 N>
fAre ventilation air damps closed for unoccoupled periods 7

= 2.0 in. wg.
axial

~

S e
:

*Z2 . INTER

U e e B
o i Ly

LiME
DLl Am.e W

AN

TOET = 1)

% SRR

o dAnterior TOOYE

LSS S S SS SRS EEEE
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OFEROSTING COZTE
Jobty MName & D-O EYE Fage 2
Building Mame : 3( A% {Complex) Date @ 11-16-87
Site : AURORA,IL FERMI, Ussr Defined HE1LITREE.0O
Soeope of Analysis @ CDoolin = Heating Svystems
2SS EL SRS ESSEE LS ESESS TR TIPSR SRS ELPOESEESDSPERR RIS RENSRODRES S
C. COOLING FLAMTS (anrUaL, COOLING FPLANT OFERATING COST = E 36,600

Doss one plant serve perimster and interior 7 <9Y:

»1. BLOCE PLANT @ RECIFROCATING WATER CDDLED

Capacity @ 83 F entering water = 230.0 tons

FW/Ton @ B9 F entering water = 1.00 kEw/ton

Ie hydronic cooling used 7 <Y

Is chilled water reset ussd 7 IfN»

Is hot gas bypass used 7 N>

Is condenser performance altitude adiusted 7 <N:

Iz there one compressor per condenser circuit 7 <Y>:
Are compressors cyoled 7 ONM>

Heat sink type : Closed circuit cocling tower
Mimdmum enterir : s 400 F

Is & hyvdronic

DL FUMFING

INTERIOR
odF, T wog

' ) FERTMET
i a7, F CoefR

!
1
1
I
1
'
¥
]

m

Vo Chilled wat
PoHot wa -
1
13

Condenser water

v GBround water ;
KEXAEEXAE XX LSS SRS S S
E. RON-MHVSTD SYSTEMS { A
1. NOR-HVAD ELECTRICAL
Lighting kw: w i

b

H O Ol H (3 30

SESEFFESE LRSI DRSS
COST = 167,070

Ot hesr b

2. DHW SBYSTEM (Mot i

LSS PO EESEETEESEETESEDDES

F.o FUEL COsTs (G
1. H

ELECTRICAL. | Occupied

Doy owpied =

]

gy i o FE. OTHER FUELE: Unit Cost

{ Unocoupied o i e
ENEREY USE | (% kwh) | {($/kwh) tHatural Gas : n/a $/therm
e rese srtte o erten s s et seras et Moo beten bavas Srses bemee bevss S Svsrs et i hvtn 5013 Seets 17m Semne iee Rorse ertn St Shete B Seens Shrse SArS Satee meren 1FUQ1 Dil : nfa $/U.S_gal
Compressar | O.050 ; QL OO i ; n/a $£/1b
Fesizstance | 0L Oa0 i ; Hiating | n‘a $/MBTU
Inductive J QL. Q50 H ; Cocling | nda £/MBTL
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COOLING COIL LOADS

Job & D-@ SUBCON 2/3 TY197) $Y§ Zone . Block
Bqlldlng » D-@ SURCONSTRUCT 2/3 (Complex) Period . All
§ite | RURORA,IL FERMI, User Defined Date 1 11-16-87
4608 -
o
3508-

1

13008
basar
ot
Hi506 -
HLodg—

5661

g —
_25 -

|
|
|
|
|
|
3

%15 4
BIN TENPERATURE, (F)




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)




(3360
0

53808
T

iyl
iEBBB
%1599
/1680
B

| 500
N

Site
86

COOLING PLANT OPERATING COSTS
Jobh + D-@ SUBCON 2/3 FY1975 SY§ Zone . Block
Buxldxng . D-@ SUBCONSTRUCT 2/3 (Complex) Period | A1l
URORA, 1L FERMI, User Defined Date | 11-16-87

Ei

-
|
|
i
i
t

1
:
2

4

§
i
i
i
5
-
i

0
-25

|
|
|
|
3

15 25

-5 3545 5
BIN TEMPERATURE, (F)

-15

J




Site .
80

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

Zone .

Period |

Date .

Block
All
11-16-87

878

10,60
0 .

A8, 38

8,48
NG, 30

e, 261
5,10

g.ee
-23

] ! i 1 i i i t 1 ! i

5 -5 5 15 25 35 45 55
BIN TEMPERATURE, (F)
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FAN OPERATING COSTS
Joh : D-8 SUBCON 2/3 FY1973 SYS zone . Block
Bglldlng : -8 SUBCONSTRUCT 2/3 (Complex) Peried | All
Site . AURORA,IL FERMI, lser Defined Date | 11-16-87

1]
1]
LT
RRER
L1
|11

15 25 35 4
BIN TEMPERATURE, (F)
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FERMILAER D-0 EXPERIMENMTAL FaCILITY

SUBCONSTRUCTION 3773 — LCW COOLING SYSTEMS
BUTLDING SECTOR FHYSICAL FARSHETERS AND DESCRIFTION

21 DCETOBER

1787
ANALY ST =

SLFLERSTULOVICH

FERMILAE COMSTRUCTION ENGINEERING SERVICES
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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
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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
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LOAD FROFILE
Building Mame : D-0O SUBCONSTRUCT Z/3 (Complex) Date : 11-16-87
Site Name : AURORS,IL. FERMI, User Defined &n117862.0
1SS 2SS ST IRESPEREERER RSSO R TR0 eRRtettstoRsn sy :
TAkRLE 1. OCCUFRFIED FERIOD (Load does not include vernt. load, fanm heat)

SUMMARY

L Par imeter Zong-—————k do——-——-—Interior Zone—-—-eo *

Temp Hours Sensible Latent FPlenum Zone Sensible Latent Flenum
(F3 (hr/yr) {(tons) {tons) {tons) (F} (tons) (tons) (tons)

BEin Bin

3 0.0
FO 25.8

S 59,
80 145.
75 237.

70 270.
&5 764
&0 255,
a8 244,

Do B

!

7
e 23241
4% 227,45

40

Ear e aer 4
AR I

oo

g -

i o SR

g W oo VN
174.5
122.4

8.1

46.1

5 25.1
) 2.7

b
4.6

TARLE 2.

] RS

A IR .
&5 4473,

i
&
-
-4

SO0
487
447,

Yy
s al .

-~
D]

s NN O

40 413,
R 417 .0

=0 417 .4

e ho = X =]
) Iy gt RPN
-~y 5

20 IE6.9

25”.8
165.7
& Db LI

e
0 50.9
= yEn

ot P V"

—& 21.1

170.4

170

170.

.65
&5

170.65

170,
170,
170.

65
&5
&5

170.65

170
1'7i"r
' 7 {l

170

170,

170
170
170,
170

170,
170,

Yl
&S
é l.'_.

i)

[
r ot

S
)

éﬁ
&5
&5

170.&

170

170,

UNMOCCURFIED

.88

F i
. H0
=
&S

[ =
bl o)
.
ful o)

Sé .
£,

w (D
. 8d
.88
. 88
.88

5. B8

.88
. 88
.88
.88
.88
. B8
.88
. 88
88
. B
88
O

0.

00

0L 00

0.
0.
0.
0.

C

)
30
Q0
O

0, 00
Q.

FERIOD

00

{(L.oad

O, 00

0.

0,
G
Q.

[@1%
(918

OO0
Cr

0. 00
0. 00

Q.

00

0. 00

O.

O

O

[N
.

1

i}

[R1R)
Q0
. 30

als!
W00
Q0
[91%]
LD

L )

r 00

Q.
o,

OO
o0

O

O,

. 0
a0

0.00
O.00
Q.00
QL0
Q.00
QL. Q0
T . OO0
0,00
Y, 00
G, 00
Y, 0
0,00
S IN]

0,10

O, 0

(} (\(1
0, G
Q.00
O, 00
0L 00
1, D
V00

tof

LI

Q.00
0. Q0
0 .00
sINely
Q.00
Q,00
Q.00
.00
Q.00
Q.00
0,00
OO0
Gy OO

GO0
ﬁ OO

els

L O
(“(m
3,
¥, D
O L 0D
G, Qi

0. Q0
0. 00

.
Q.

Q0
QO

0, 00
0,00

0.
Q.
.
Q.

(8] 8)
QO
GO
QO

.00

.
18

().

818
. 0
[918]

y, 00
D, 00
1, QOO

0.

O

0.
(928

1

00
. 00
OO0
OO
00

fan heat)

52
Lochnd
o Rl
&
G
7
22
g2
2
9z

X

=

52
9T
Tl
92

include vent.

O, G0
0.
3, 0
OO0
OO0
O 0
0,00
O.00
OL00
Q.00
0L 00
0. 00
GL. 00
}. OO
). 00
0,00
el
O, OO
O, 00
OO0

O.00
0. 00
Q.00
Q.00
0,00
0, DO
O, 00
O, 00
O.00
(3, O
5, M)
1,0
0, (A

T, O

load,

O

0.

Els
00

), 00
0, OO0

Q.
0.

0o
Q0

0. 00
.00

B

Q.
Q.
(a
O,

. OO0
a0
Qo
00
00
L0
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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
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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
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¥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
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)

Pl PERIMETER FlLAakT ¢ RET

Iz hydromic cooling

Is chilled water reset

HEXKRKEERER A KA R R AR AR R KX

D. PUMFING SYSTEMS (ARNUAL FUMF OFERATING COST
i FERIMETER

System i a7, F podP, bt owg

i Chilled water

1 Hot water

i Condenser water

oround wa

FREE KKK R

=L NOR-

180,00 G, GO

(. Qi

S EREX TREY ZR0S PR 72
A - o

BT

R P

Tnductive
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COOLING COIL LOADS
Joh | D-@ SUBCON 3/3 DESIGN $Y5
Bux!dlng » D-8 SUBCONSTRUCT 3/3 (Complex)
Site : AURQRA,IL FERKI, User Defined

Zone . Block
Period | All
Date ; 11-16-87

466e

3308

33993'
2500
2008

gisee: —
A 1608 —

500

5 35 4
BIN TEMPERATURE, ()
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o
Design supply
cooling termin

A eoonomizer

Vert. alilrs= O ocfm

“

1%

-

Te & ventilabtion
Are ventilation & ' S
B R R AR KA KRR AR E KRR KRR L EEEFESESES S S SECELEEEEEEEEEERE RS
E. HEATIHMG FLANTS
o3 . FERIMETER PFLANT 3 :
= inic Meating o

SESSSESESESESEESES

LR R KK
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Rk R E R YR A E bbb R Rk k¥

. FPERIMETER FLANT ¢ REMOTE ;
I hydronic cooling wsed 7 <Y:
Te chilled water reset used 7 M->
***#**************.#uiki*uk***#*******#****H**#**&*n****i****#$#**#**#**
D FUMFING SYSTEME

g i FERIMETER :

v System H dT. F HE s R s R P
Chilled water : B0 G DA, QD ; i OL.Q0
Hot water H .00 Q.00 d Cr, Q0 | Q.00
o : N e : :
1 i 1]
' H :

VL0
O, 00

*. —— e - ——

SRS SRR EEEESE SRS
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£ PR R AT
SIS

s A1l

Sumber s
2.0

SEEREE RSSO REDS

ETL
IO1P8 kwhidyr 447101 130E71
Ewh iy 7H7571 234665
Natural Gas 0 O therms/yr 0 O
Fusl 011 i O ULE. galdve

Fropane Q O IhAvre O
Remote Heating € GOFBTU v A
Remots Cooling 0 O METU v "

HWAE Total 1240672 ZHD0ES

Electric (Ooo)
Electric (Unocoo)

L

v T

-,
e’

DA

Biahi /v

Mo - HY

ical

Ereray

P E 1
of use value)

ME:H
ETU
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Jﬁ¢ Fﬁmm

A. ATR
1. PERIMETER TER

Supply fan typw : i

Supply fam total Copressure = 0,01 in. wg.
A return fan is not wsed.
Design supply air=s= &S0315 cfm @ 06 F3 Vent. ailr= a cfm
Are cooling terminaels wused for heating 7 JY>

An economizer is not used.
Is a ventilation reclaim device used T N>
Are ventilation air dampers closed for unoccupied periods 7 AN:
***********************1*************$#*********************************
B. HEATING FLANTS (ANNUAL HEATING FLANT OFERATING COST = 0
1 . FPERIMETER FLANT @ ELECTRICAL RESISTANCE
I hvdronic h#nfiﬁq A
Ak EEE A SRRk F i ELE R

e
Ee
S
S
ko
B3
3
-:n«

SR ES SRS ORI TSR LSS RE S
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OFERATING DOETE

; RESY]
sildinmg

Site oAUl

(Comple 1
Jerf i HUGL1ITE&AER.O
stems Only
SSESES S LSS S LSS
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