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Executive Summary

The objective of this report is to model and analyze the loads and energy use of the Ed Roberts
Campus. Trane Trace 700 was the software used to model the building and is an industry standard program
for energy modeling. About 130 rooms were grouped and entered in the program as 60 different spaces
based on load type and usage. These rooms were zoned under their respective air handling units before the
program performed calculations on loads and energy use for the entire building.

The model calculated that the Ed Roberts Campus has a total cooling load of 2,777.3 MBh and a total
heating load of 1814.5 MBh. This was found to be drastically different than the design cooling and heating
loads of 381 MBh and 1051 MBh, respectively. The reasons for these discrepencies are unclear, but can be
mostly attributed to difficulty modeling the exact system layout in Trace 700. A model performed by the
design engineers was unavailable for comparison.

Trace calculated that the ERC’s annual utility costs will amount to $62,168. The largest consumption
of energy by any one system was by the cooling equipment which accounted for more than half the energy
costs for most months of the year.

Emissions data was not calculated by Trace 700 due to unknown errors in the modeling process.
However, by referenecing emissions data published by the electric service company, PG&E, it was estimated
that the electric demand of the ERC would account for approximately 541,342.5 Lbs/Yr of CO,.



Building Overview

The Ed Roberts Campus is a 2-story, 80,000 sq. ft., transit-oriented community center located in
downtown Berkeley, California. The campus is connected to a BART Station (Bay Area Rapid Transit) and is
designed with a focus on accessibility for people with disabilities. Completed in 2011, the ERC is home to
exhibition spaces, meeting spaces, a child development center, a fitness center, vocational training facilities,
and offices.

Every square foot of the building is designed far and above the requirements of the Americans with
Disabilities Act through a design concept called “Universal Design”. Universal Design aims to create
environments that are useful for people of all ages and abilities without additional cost. Extra-wide corridors,
automatic doors, two-sided elevators are examples of this design ideal. In addition, the ERC’s fully accessible
connection to the BART station works to connect people directly to airports and bus stations around the city.

Leddy Maytum Stacy Architects



Mechanical Systems Overview

The Ed Roberts Campus combines several system types to heat and cool the building. The building is served
by five rooftop air handling units (AHUs):

AHU-1: East Wing — South
AHU-2: B.O.R.P.

AHU-3: West Wing — South
AHU-4: West Wing — North
AHU-5: Covered Court

AHUs 1, 3, and 4 are constant volume units with 100% outdoor air. AHU 2 is a VAV unit with 100% outdoor
air that operates in tandem with AHU 1. AHU 5 is a Variable Air Volume (VAV), packaged air cooled DX
cooling unit. Each AHU is equipped with a supply fan only. There are also water-source heat pumps for
additional heating and cooling to meet the needs of each individual zone within the building.

The building has four roof-mounted fans that serve general exhaust needs (EF-3, EF-4, EF-5, and EF-7) with
1,200 cfm, 1,000 cfm, 800 cfm, and 1,600 cfm respectively. In addition, there are four more roof-mounted
fans that serve specific areas. EF-1 serves the BORP with 5,500 cfm of exhaust, EF-2 serves the restrooms
with 2,600 cfm, EF-6 serves the garage with 72,000 cfm, and EF-9 serves the BART elevator room with 1,200
cfm. The garbage room has a smaller wall mounted fan that exhausts 350 cfm for that space.

In addition to these air systems, the ERC utilizes a radiant floor system which serves three zones: the
entrance lobby, art exhibition space, and covered court area. Altogether, the system provides 115 MBH of
cooling (9.6 tons) and 68 MBH of heating (5.6 tons).



Design Load Estimation Procedure

Trane Trace 700 was the sofwater program used to model loads and energy use of the Ed Roberts Campus for
this report. To create the model, information was collected from drawings and specifications and entered
into the program.

Model Inputs

Climate Conditions

The Ed Roberts Campus is located in Berkeley, CA near the San Francisco Bay area. The closest choice in the
Trace 700 weather database was San Francisco (CZ03). This refers to the ASHRAE 90.1 climate zones,
investigated in Technical Report 1, and matches with the previously determined zone. Default settings within
this climate template were used in the model.

Table 1 - Design Dry Bulb Temperatures

Summer Design Cooling DB (°F) Summer Design Cooling WB (°F) = Winter Design Heating DB (°F)

74.6 62.6 40

Building Construction

The figure below is a screenshot of the construction materials specified in the templates of the Trace 700
model. These materials are generic choices based on some assumptions from the architectural plans. As a
partition schedule was not available during the time of modeling, generic assemblies were chosen based on
details and sections throughtout the building. In addition, information about the specific type of glass used
for windows in the building was not available so a generic glass type was chosen from Trace.

Table 2- Model Construction Materials

Construction U-Factor [Btu/h*ft2*°F]
Slab 6” LW Concrete 0.534759
Roof 4” LW Concrete 0.213535
Wall Frame Wall, 6” Ins. 0.046783
Partition 0.75” Gyp Frame 0.387955
U-Factor [Btu/h*ft2*°F] Shading Coeff.

Windows 1 .73



Occupancy Loads

In order to calculate building loads the building’s approximately 130 rooms had to be entered into the
program. Each space was dimensioned, including information about exterior facing walls and the percent of
exterior walls that were windows. Once this was completed rooms with similar load characteristics were
grouped together in order to simplify the modeling process.

Each room/zone was then classified under load templates in Trace 700 according to use. Templates were
established in Trace for offices, meeting rooms, break rooms, lobbies, and applied to the different rooms
once they had been entered into the program. Additional lighting loads were entered based on Table 9.5.1
Lighting Power Densities from ASHRAE 90.1. The office and classroom spaces included an additional load for
computers and other office equipment.

Ventilation Loads

Trace 700 includes the option to apply ASHRAE Std. 62.1 2007 for the modeling of ventilation air
requirements. This option was used in the model of the ERC so that the ventilation templates for different
room types could be automatically implemented. While the program references an older version of ASHRAE
62.1, the population and area-based ventilation rates were mostly identical to the most recent edition of the
standard.

Equipment

As stated in the mechanical overview, the ERC is served by five Dedicated Outdoor Air AHUs, primarily for
ventilation air and latent loads, and zone level Water Source Heat Pumps that cover most of the sensible
load. In Trace 700, this type of system can be modeled by Fan Coil Units with Optional Ventilation Coils with
special inputs for Dedicated Outdoor Air. One exception is for AHU-5 which contains one Direct Expansion
coil and is modeled as a Packaged RTU VAV Reheat with DX and Hot Water.

The heating and cooling coils are all served by two rooftop cooling towers and two boilers in the mechanical
room that provide hot and cold water. These pieces of equipment were all modeled in Trace 700 with as
much information as could be gathered from the specifications.



Design Load Results

The Trace 700 model was able to successfully calculate load information and energy use data for the Ed
Roberts Campus. The results will be compared to design data from the engineers and evaluated for its
accuracy.

The following two charts show the monthly load profiles and energy use for equipment in the building. The
first chart shows that, for the most part, the building load is somewhat constant throughtout the year. There
are jumps in load in the coldest winter months, where heating loads are increased, and in the warmest
summer month where cooling load is highest. However, this seems to represent a reasonable profile for a
building in a temperate climate.

Monthly Clg & Htg Coil Load Profiles
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Figure 1 - Monthly Load Profiles

The table below displays the resulting load calculations from the Trace 700 model of the ERC. The results of
the model will be compared to listed values in the AHU schedule from the mechanical drawings since an
energy model from the MEP engineers is not available.

Table 3 - Heating and Cooling Load Comparison

Design Model
Equipment Cooling (MBh) Heating (MBh) Cooling (MBh) Heating (MBh)
AHU-1 84 295 1,185.1 871.9
AHU-2 59 208 172.4 120.2
AHU-3 38 132 580.1 327.2
AHU-4 65 227 787.1 427.6
AHU-5 135 189 52.6 67.6

Total 381 1051 2,777.3 1814.5



Load Calculation Summary

There are significant differences between the values calculated by the model and the values listed in the
design documents, with some model outputs as high as ten times the design load. These differences are
likely due to inaccuracies and simplifications made in the modeling process. Trace 700 is also limited in the
ways it can model Dedicated Outdoor Air systems like the one in the ERC. Due to differences in load
characteristics it was necessary to create different rooms for different uses and occupancies instead of
grouping spaces by the mechanical zones as laid out in the drawings. This resulted in Trace adding a Water
Source Heat Pump for every room modeled, which is not the case in the actual building, and may have
contributed to the inflated loads in the model. Differences in scheduling may have also contributed, as the
specifications did not have operation schedules for the building, and in the model some spaces were left at
worst-case 100% load. The engineering checks calculated by Trace also indicate problems in the model, such
as very high cfm/ft? values, that would contribute to high load results, but the exact reasons for this are
unclear.
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Annual Energy Use

The table below lists the monthly utility cost of the Ed Roberts Campus, according the the Trace 700 model
analysis. Utility cost information was gathered from the Pacific Gas and Electric Company website.
Information is not available on the actual operational costs of the building but, based on the results in the
load section of the report, it can be assumed that these costs may be inflated.

Table 4- Monthly Utility Costs

Month Utility Cost ($)
January 4,409
February 4,815
March 4,477
April 5,057
May 5,443
June 5,673
July 5,955
August 5,905
September 5,991
October 5,335
November 4,661
December 4,447
Total 62,168

This is equal to 0.94 $/ft? based on a building area of 66,166 ft2, which is the area of conditioned space within
the building (not including mechanical and parking garage spaces). The figure below, displaying monthly
electricity costs per equipment type, shows that lighting is a constant high demand for electricity use and
costs. Standard recessed fluorescent lighting was used in the model, but it is possible that more efficient
lighting types could decrease costs dramatically. It should be noted that this figure only includes cost of
electricity consumed, and not demand costs.

Figure 2 - Monthly Electric Costs by Equipment Type
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The next chart displays the breakdown of energy use of specific equipment types throughout the building.
The energy use of the equipment matches with the load profiles in the previous section with boiler energy
spiking in December and January and cooling equipment energy peaking in July. The maximum energy use of
the system is just above 70,000 KWh during the month of July.

Figure 3 - Monthly Energy Use by Equipment Type
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Due to errors in the Trace 700 model, emissions data was not able to be calculated and was not available in
the report. The reasons for this are unclear.

Figure 4- Trace Environmental Analysis

Environmental Impact Analysis
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S02 Mo Data Available
MNOX Mo Daia Available

However, based on emissions data published by PG&E, the CO; emissions information can be estimated

based on the amount of electricity demanded by the ERC. Trace 700 calculated that the building will use
1,313,938 kWh of electricity. At a rate of 412 Lbs-CO,/MWh, the CO2 emissions attributed to the ERC’s

electricity use amount to 541,342.5 Lbs/Yr.

Energy Summary

It is clear that the process of modeling the buiding could be improved dramatically. While it is likely these
results do not accurately represent energy use of the building, it remains a useful exercise in attempting to
understand the building systems and their comparative energy use profiles.

Anderson Clemenceau | Mechanical | Dr. Rim | Ed Roberts Campus
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Appendix A

TABLE 9.5.1 Lighting Power Densities
Using the Building Area Method

Building Area Type® LPD, Wit
Automotive facility 080
Convention center 1.01
Courthouse 1.01
Dining: Bar lounge/leisure 101
Dining: Cafeteria/fast food 0.20
Dining: Family 0.5
Dormitory 0.57
Exercise center 0.84
Fire station 0671
Givmnasium 0.94
Health-care clinic 0.50
Hospital 1.05
Hotel™Muotel 0.87
Library 1.19
Manufacturing facility L.17
Motion picture theater 0.T&
Multifamily 0.51
Museum 1.0z
Office 082
Parking parage 0.21
Penitentiary 0.81
Performing arts theater 1.39
Police station 087
Post office 0.87
Religious building 1.00
Retail 1.26
Schoolfuniversity 0.87
Sports arena 0.51
Town hall 089
Transportation 0.70
Warehouse 0.66
Workshop 1.19

a. Incases where both a general builifing area type and a specafic butlding area type ane
lmted, the specific building area type chall apply.

Figure 5 - ASHRAE 90.1 Lighting Power Densities

Anderson Clemenceau | Mechanical | Dr. Rim | Ed Roberts Campus



Figure 6 - PG&E Utility Rates

Anderson Clemenceau | Mechanical | Dr. Rim | Ed Roberts Campus
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PG&E Emissions Factor Summary

15

Emission Type Emission Factor Source
Year Lbs CO; Metric tons
/MWh €0,/ MWh
Historical 2003 620 0.281 PG&E’s third-party-verified
Emissions 2004 566 0.257 GHG inventory submitted to
2005 489 0.222 the California Climate Action
2006 456 0.207 | Registry (CCAR)” (2003-2008)
2007 636 0.288 or The Climate Registry
2008 641 0.291 (TCR) (2009-2011)
2009 575 0.261
2010 445 0.202
2011 393 0.178
Future Emissions 2012° 453 0.205 CPUC GHG Calculator, which
(estimated) 2013 431 0.196 provides an independent
2014 412 0.187 forecast of PG&E’s emission
2015 391 0.177 factors as part of a model on
2016 370 0.168 how the electricity sector

Figure 7 - PG&E CO2 Emission Rates



16

510 | eBey uode)y swnsyoeyD WS | - evaewNy
PLOZ/SOMDE U0 Wed PLIE0 1B PEEINOMED £°9 D0L. @TIVH)L

aepopibeul oNg teweN jeseeq
SNAWED SUBGOH P e poloig

_Mwo ooy IS8 yEzr

6'LLB

moLl | o o
i Sv 855'C  6rEL
1] 0 z

em
on 00 0 00 L %y ooy 1'SBLL @86 1m0
0 a14%3
on 00 0 00 w 0 wogwi | (265 0¥ 955 00L EED TR MSvE ESL e, L6b wap 1o
oD 00 0 L] Biyy 0 ved | |00 00 00 00 00 00 O 00 00 00 619 xny
6Ll 969 OBy Sarr 2] %Yz oold | (885 0¥G 195 985 €19 £S5 veEsr 0] 86 0'6L 810 ujewy
4o 4 R uan A ] awb 4, 4, af 4, 4 wpe usw uan uey
Bal w3z mowuye Lpeded L] 10 55040 YH/EMWEB] aAee] MHIBWEO U3 Moy ied  “depsueg  Apeded |moy
NOILIIT3S N0 ONLLYIH SY3uvy NOLLD3T3S NO2 DNMOO0D
78l oidoad oN | | 00001 £98'LLS- vz LiE <=a [)OL PURID 0000}  0Z8'6YE 00001 62786 Z09'2Lh zis'89L <= 910 purin
SLE- ALEY Al mE : H
1OBLE wowgl || oo 0 oBuxes) v Kiddng | i) 0 o oBwywary a1y Aiddng
ZL68F wopup 1000 0 drgg 3 NS Jupun | 10 0 dmyg 14 dns Jipepun
Ul Lk AR : i 0 o dng 1894 1ang
S L voO % || 000 0 1eayay |BUCHIPPY | 10 0 0 18aH ued 19y
Bugeay  Buioon wo 0 Wa E ﬂ : b s81°L ..--:._ ...uu L.!..w
wHr r wa : - -
SHD ONIHIINIONS! €9 __ﬂwm oK 1sneyxg | 0 0 0 woﬂon oo 0 Bugzis JPUN/AG
wo o 0 Buns JPUNisg 0 0 Bug AQ PlUNUSQ
0 0 0 woy suiL Ay [py 0 0 0 0 0 eaH sl Ty [Py
0 ] sdn eBexea || 050z 254821 ZsLaLhs peo uopeinuan ¥l YOE'ZZL 8 L6VBL 0 L6VBL peo UOREUS
0 ] umg .-._e.._._.-._ w0 0 01Z4Z- peoyBupey Z 0z8'€h 0 0 Z66° LT 2> 724 pwoy Buyien
ey ]
M w wauy|l w00 0 [ <== [€)0] QNS | ¥e ¥95'262 e org'Esy 9551 SYLErY <== [B)oL GNS
[1-15] 1Sv'g ey || 000 0 0 =N v LIvZE - Livee ] Lv'TE 2
91895 9189 wmey || 0D 0 [ odoad €T ¥95'961 TLE rLive 0 YL ardoad
0 ] yudioygumi || 000 0 ] sybn g £95'C9 ] 6LFEL 956'54 £85'E9 swybn
0 1] Ll speo [ewsely | : SpEOT [PWwa|
[1-4] L] WA NHY : :
Isv's S8 Wi, wom | | BLT' LML <== (€0l gns | 0§ £E1 Iy Toy Z8I'EEY 'z SEEBIT <== [E)oL GNS
0 1] ung Bag o vogeAlYl | 0 0 0 0 0 uoneul
VOE'BY  VSEBY e ujeyy o 0014 weoklpy 1 0 0 10 0 0 0 10014 weoelpy
YOE'EY VSR (LTS [+ 0014 0 0 :0 0 o J0014
’ - o ooquoned 0 0 ] 0 0 sooguoniey
Bomeen bueas oAl B PuoO eM 1D sezc ‘o sare 't 917 PUoD lep
0ZVEML PucD JOOQSSED | §- 091 ¥ ‘r S96'5E 0 S99'5E" Puog) J00Q/ESEID
SMOT YV [ |05 SSEID ¥5 '800°Z9Y @© BE0'ZST 0 6E0'ZST 46105 SSEID
o puc)jooy 0 0 € ZZLUEIT ZELELT 0 puo) jooy
] puoDewiys 0 0 o L] ] 0 puo) emixs
00 1o 1944 uy ] mog eufys 0 o 0 0 0 0 OS OUAXS
o0 00 auLme uy speoT edojeauz spro adojaruz
00 0o aiLaw ug || (%) g ymg (%) wmg (%) umg umig ymg
969 st voney | | Mol 0 wues oy suag sdedg |EWLID  eqIsusg LimoLjo  imey Wle'SUIS 7 4 SUIS
969 st uanjey) | | Wuedsag yead 109 v aowdg sy eoeds Dwedsed  1eN unuaig oudg
968 sL wnuing ey ' :
77 795 BAVS or :8Qv0 | syeed :gavo : 95/ 55/ 19 "HHEWETYO Ly BEING
Bugeay  Buood ubssaq Buneer sHon © e wng LMo . 911 E SHOW ‘eun 1€ paesd
SIHNLYHI4NIL H¥3d 02 ONILYIH Mv3d 32vdS 970 M¥3d 7102 ONINO0D
o) uey bNHY
DIN3aVOY g
swns)3oay) F.ouwhm"

Anderson Clemenceau | Mechanical | Dr. Rim | Ed Roberts Campus



17

§ 10 7 abed poday swnsypey) waishs | - eaneway

sy fepoyiABieuzTou3

eweN jeseieg

YIOZISIVO} L0 Widd €0 38 PEREINOHED £°94 001, @FOWHL sndwe? suagay p3 ‘e palosy
zozh- mog| [ o 0 0 000 3
0S8 00F S8 £ U 5S¢ €04 5002 "M
00 00 O 00 e 0 0 S8L'9 jooy vaL rrl resog
0 n4x3
00 00 0 00 ® 0 00w | | 265 0¥ 9SS 002 E£€9 IR 528 (Y13 VEZ 6L wap o
00 o0 0 00 Bk 0 wed 100 00 00 00 00 00 O 00 00 00 B1D xmy
96L @19 L00'9 682" Bip v S8L'9 0014 || |SBS L€ LSS 86  VE9 VIS8 1009 ZIEL £6rl vzl 619 upely
4o 4 wp uan %) awb 4, 4, L A ugn usn uoy
Ba1 w3 mory ey Ampede) s oy sseuo YHAMEQ aAra HHIBWSO U3 Moy i “depsueg  Awedegjmo)
NOILLI3T3S 110D ONILYIH Sy3uv NOILI313S 102 ONIM00D
el aidody "ON | | D000L  £6L°0Z1- 592°06 <== [€10L PURID 0Q00L  SEL'R0L L0000k '98Z'6¥I Z16'29 £8Y'58 <== iN0) puein
Wi sz A-aymg : :
LUy uoy || 00D 0 aBuxean Jfy Aiddng | ‘0 0 0 abeyeay Jrv Aiddng
51 wvoyua | [ 000 0 droyg 14 ing Jpepun ‘0 0 dnyg 14 dns Juepun
680 660 A : 0 ] 0 dnyd| 189y 1ong
LEL LEl wo%|[000 0O 1eayay [FUOIHPRY | ‘0 0 0 Wy uey 10y
Bugeay  Buioon 000 0 W) WOYRId Y | H 068 109 uey "dng
BEVE  9ZEI “WIC) 199YaId VO | ‘9 veg'e- vEY's- 1eaiH 1sneyxy
SHO DNIYI3NIONT 1Ze 6SE'E 1894 Isneyx3 | 0 0 0 0 0 Bugz|S JPUNIAQ
000 0 0 Bugns spun/ng ] 0 Bug ag) ‘Pruinyag
0 0 0 ooy URILIY foy 0 0 0 0 0 8oy suRiL J1Y fpy
0 0 sdn eBuyee| | sopy  Eprsl- By Ll peo uopeinuan b 65641 N L85°EL 0 L8SE1 peo uoenuas
0 0 umg Mu._ii_ 000 0 YEO'E peo Bujey § ¥S1'§ ‘0 ] €120z £1202 putoy Buyyen
0 0 xny :
0 0 yx3 wy | [ 000 0 0 <==[8)0] 9N v 15¥'LY o 5089 ity ey <== [®j0] gnS
528 528 wneyx3| (000 0 0 o= 0k £58°01 L £68°0L 0 £S8°01 s
zeg's  7€89 wmay || 000 0 0 odoad - 02 1>t -9z 0z8'8e 0 0z8'8¢ eydoad
0 0 yadoigu | | 1000 0 0 swbn v 292°54 CEb ¥BO'6L 8E 192'51 sy6n
0 0 '] speo jeuseiy | : SpEoT |ewajy|
528 528 WeA NHY ' .
528 528 WoAWON || 1eys  gL2'SH z8TVT- == |ejoL gng | OF S8S'EY |89 658°10} Zve'L8 LIBEL <== |&j0] NS
0 0 uegoeg || 000 0 0 vonenu 0 0 ] 0 0 luoqe nmu|
200'9 100'9 ueguen | [0 0 0 10014 wedelpy - 0 0 ] 0 0 0 20014 weoelpy
2009 1009 reupuay || 000 0 0 o030 0 0 ] ] 10014
A i 000 0 0 moguoned | 0 0 0 0 0 Joog)uoned
nw.”.__ H__MS ) oz vz 616°L- PuUCO IEM 1D oie 1 z08 8 8L P03 e
[T £9€°22- PUOD J00Q/SSEID . | 9~ 9065 ‘e LS 0 29 puod) OQsSED
SMOTJHIY 00°0 0 1] oS ssen oy 181'08 ‘oL e 0 128°v1 ]
ISEE  SLZ0r 0 g jooyN 0 0 65 BSE LB 858'28 0 puoD jooy
000 0 0 puoD ewiys 0 0 0 0 0 0 PUED) Bukyg
00 %] wudud (000 0 0 mogemiys 0 0 0 ] 0 0 805 eukyg
00 00 aLpig ug Speo adojeauz speo"] edojaauy
00 o0 araw ug || () ymg ymsg (%) wmg (%) umg umg uymg
g9 vig woney | | moL jo  sues oy sueg sdedg S mLI0  eqrsuss 1ImoLjo  jmoL 1Y 450G T 4 'SUSS
19 vig winey | | eded  ead 10D Weag soedg L Wedied  eoedg [Wweded 18N wnusid eoedg
829 ] wnualg ey : :
96L 855 Havs 0r :80V0 ¢ syeed :8OV0 : 19119169 "HHBMWEAVO 2 BpISIND
Bupesy  Bujood ufesaq BugesH RO o jowng RN L1419 SHON ‘euny je pavead
SIUNLYHIJNIL Hv3d IO ONILYIH H¥3d 3IVdS 910 MV¥3d 110D ONITO0D
110J ue4 Z-NHY
0IN3avov g

swinsyoay) wisyshs

Anderson Clemenceau | Mechanical | Dr. Rim | Ed Roberts Campus



18

§ j0 ¢ 8beg podey swNEPeyD Washs | - BATRILANY

PLOZTISON0 | U0 Wid L:E0 18 PREINOED 794 00L @30V L

anpepoAbeus on3 euey jesejeq
sndwe?) speqoy p3 :euseN peloid

zize mog] [ o 0 0 100 3
58 00 86ZT VSh- FET) 6  E06L  OvE'E M
3] oo o ] e 0 0 0z9'LL ooy 1085 ey =0l
0 nax3
0 00 o0 00 1wy 0 woqwl | | L6 0¥ 955 00 EE€9 ZT¥L 9622 o vy ¥ WA 10
0 00 0 00 B 0 ¥ed |00 00 00 00 o0 00 0 00 00 00 810 xny
892 B89 9wlEZ Lz Lot 0zr'sL 0ol | | 065 EVG 695 065 229 VBL 9vleZ 699r LS15 oer 610 uen
e 4 uwp uan % & qub 4, 4. a8 4, 4w yan s oy
Bay w3 mopry 103 Apeden) 5919 I¥i0L $5040 NHIAMEQ #ARaT NMHIBWS(Q w3 Moy 10D “de) suss  KyoedeD w0
NQILD3T3S 110D ONILYIH SYIuY NOLL23T3S 02 ONIMO0D
1852 81d0a g 'ON | | 00'00L  BEL'LZE S05'LZ4- <= |€)0) pues 00001  POE'9GE 00004 LL9'SLS 104284 750'52¢ <== noy puesn
£66L- 'ELSE -aymg . .
BY6EE voyy || 000 0 abeyea apy Addng ‘0 0 0 #Beyea uy Kiddng
B 16 uoywp || 000 0 dmng 14 dng sysepun 0 0 dmyd 3 dnig apuepun
471 51 AR : 0 o 0 dning 1 1900
16 1'6 WO % || 000 0 1994y |SUOIPRY | 0 0 0 WA ueg 1oy
Bupeey  Buyood 0o 0 Wa eayaig vH . Y BISE Jea|y uey dng
8IS ZZV'SI- ‘WO 1eaYaIg WO r S0L'BL- S0L 81" Wi sneyx3
SHI) ONIMIINIONT 052  58l'8 120K 1sneyx3 | 0 0 0 0 0 Bumg spun/a0
00 0 0 Buinsg spun/r0 [] 0 Bums AC) ‘prwnysg
0 0 0 wa sueiL iy Py 0 0 0 0 0 WoH suRil Jry PV
o 0 sdnebewa|| g3y 2098 1098 peoT uopEinuay, (]84 ] & Leor o 1gor PeoT uopEnUAA
0 0 umg n.a-._i-._ 00 0 S¥a'9h- peo Buyed 9 1£6'%2 0 ] L28'9¢- 1289 Peio Buyied
[} 0 Ieny :
0 0 wegwy[| 000 0 0 <== [€)0 qnS  : ZE 6Y1'8Z1 o 6L0'LBY e 1E9'LLL <= [8)0L gnS
BZZ  BBIZ wsneyxa| | 000 0 o sy 9 091°57 ‘5 09L'sT 1] 09152 Bl
r0'ez  MRO'SE wmey || 000 0 ] adoad - 9L 161’59 (22 6L9'VLL 0 6L9'¥L1 eydoad
[ 0 wydoisuy || 000 0 ] swbn ;oL TBLLE 6 WwZ'Ly ] TOLLE s6n
[} 0 ] speo] jeusel - : speo jewaw)
82T 8Bz WA NHY : :
BT 962 WIBAWON| | grzs  ES9LLL £STTF <== /8oL Qng | 65 ELG'YET vi 066'€SE 615782 [Tyt <== |8)0L GNS
1] 0 uegjoes|| 000 0 (1] uogenmul -0 0 [1] 0 o ‘ucaenpu)
ovrez  owlET ungupey | | O 0 ] 0014 wedklpy 0 0 0 0 0 0 10014 usoeipy
'S awlel Ruwey | | 0000 0 ] 004 10 0 0 0 0 0014
' L 0 1] oafyuonnied 0 0 0 0 L] JoaCjuonied
M“Mm: uu.mmo B | Y 08L'}- puog KeM 1 o'z : ek 86 esg't huog e
6rgl  pEY'0Y- £6r'09- puol itogsse - g 2 b ! 460'9- 0 160'9" PUOD Xiogsser
SMOTIHIV 0o 0 '] mog sse - LB ¥6S'ENT [ ErI'SE [ Evy'55) 48|08 S5E1D
TVEE  EIEE0M 0 PuojooN 0 0 s¥ 109'IE2 109'1€7 0 PuoD j00y
000 0 ] PO eSO 0 0 0 [] 0 PUOD ouing
00 1o Bugud|fooe 0 ] mRS oS 0 0 0 ] 0 0 5 euhng
00 00 aipig ug Speo) adojeauy spec) adojeaud
00 00 ayamug | | (%) ymg ymig (el ymg ) ymg ymg ymig
489 L'6L vOoney | | 1990410 suegIoL 'sudg soedg + WI9LJO  elqisusg 1191 J0 1oL W SUSG  u & UGS
389 V6L winey | | wesued yeed o) Weed eowdg cquedsed  edwdg Jedsd N wnusd eowdg
289 V6L wnuag g : :
$9L 048 €avs or :Bavo 1 Syeed 'gavo : 8909/ 29 "HHEMWBAVO I BPISING
Bupesy  Buyeod ufisaq Bugeey JHOW © o wns LHON " 8119 JHoW ‘un) je paveay
SNLVHI4NIL HV3d 0D HNILYIH Wv3d 30VdS 9710 MV3d 702 ONINOOD
|10 ueg £-NHY
JIN3avov Ag
swnsyoayo waysis

Anderson Clemenceau | Mechanical | Dr. Rim | Ed Roberts Campus



19

S jo v ebeg poday WD Winshs | - @ar
F10Z/SO0} YT Nd PLIED 18 PREINNED €94 D0L BIIWHL

9zzr morl [ o 0 0 100Q 1x3
068  00F 6E0'Y ¥202- wan Y3 B8LL  LBT em
00 00 0 00 it 8 5L8  SZELL jo0y V8L 959 (Lo
0 n4x3
00 00 0 00 » 0 sooquy ||| 265 O 955 00L €9 TEL 6EOY BE8 el ¥6 wap 1o
00 00 o0 L] L] 0 wed 00 00 00 00 00 00 0 00 00 00 610 xny
@9L L6 SST'EZ €522 By vy STE'LL ol || (695 824G 915 68 VI 8'rL SST'EZ V'S8S 6'EL9 z'95 612 ujep
4. 4 wp uam (%) = b 4, 4. qubé 4, 4 wp uan ugn uoy
B2 w3 mopay ol Mpedes sse|0 |e30) S804 NH/AM/E0 aaea YHIBMBQ 23 Moy o) dedsues  Apeded a0y
NOILO3T3S 10D ONILYIH SY3IuY NOILI33S 02 ONIMNOo0D
ors sidoag ‘oN | | 00001 608" L2 969151~ <== [€)0) pUeSD  00'00L  ¥SE'EYS L0000k LLE'EL9 s6L'18 06185 <== jejo) puesd
9sLe- 0569 ARaymg : :
99ZL vouu|| o000 © aBeyeary uy Addng | ‘0 0 0 sbeyra) ury Addng
AL'0EY woywd | | 000 0 dmid 14 ng sysepun 10 0 drnd I dng spepun
(g (% A : 0 o [ dnig 1094 1900
erl eyl vo% || 000 (1] RIYIY [PUOIIPPY | ‘0 0 0 WwoH ued 19y
Bupesy  Bujeod 000 0 WIC) eayRd VY | i 981’y woy ueg “dng
. ZEUY  LSE'T0Z WIC) 189Y81d YO | r $55°24 S55°21 129y ysneyx3
SHI) ONIMIINIONZ vz 9IS0L 1eay 1sneyx3 . 0 0 ‘0 0 0 Burzig spun/a0
000 0 0 Buing spun/n0 0 0 Bugig AQ ‘Plunysq
0 ] 0 19 tsuesL v oY 0 0 0 0 0 1094 Sueiy J1y [PV
0 0 sdnebexes| | gogL  o¥r'SE- ovy'se Peo uopeinuaA 6 L2945 8 1588 0 125'8€ PO UOREINUIA
0 0 umq abexea | | 000 0 ZHE'E peo buyen Z 59t'6 10 0 BL00L" BLOOL peoq Bujped
] 0 Kreypemy :
0 0 wuwy(| 000 0O 0 <==([@jo) qns  : Z€ LLELL £y 911'682 2z (EV0'T8Z <== [€)0/ GnS
6E0'Y BEO'Y woeyx3|| 000 0 0 EL ! 0zk'L L (43 0 0z1'L oy
S62'ZE  SHTEE wmey || 000 0 0 edoad G2 80Z'8EL 1 LE YEQ'RHE 0 YEQ'ME eydoay
0 0 yadoisum | | 0000 0 0 sy g 68282 5 L zL0'L 682'82 sy6n
0 0 wu 51807 [PUsIY ¢ Spwo jrwa)
6e0'y BEO'Y WA NHY '
6E0'Y BEO'Y WOAWON| | gi°ge  BZE0SL- S99°L5" <==0)OL NS | LS SYE'B0E €5 £65'¥GE 96Z'E04 167152 <== /8oL qn§
] 0 ve;g2es|f 000 0 0 vonenul 0 0 0 0 0 uoneau)
S5Z8Z 945282 urjupr | | 0 ] ] 4001:4 weoeipy 0 0 0 0 0 0 40014 Jueoeipy
5282 95282 mujuuay | | 000 '] ] o043 0 0 0 0 0 J0014
" prees 00 0 0 noquoged | 0 0 0 0 0 Jooguuonnieg
—— e e | 200'1- PUoO EM 10 Y05 0 o @z 162 PUOD e
el £98'95" £98'95 puc) Joogsse - 2o 024 Eb- Z S9r'Pi- 0 SOY'PL- PLOD JoogysseID
SMOT4HIV 000 0 0 Anos sselp 62 vaLgst £ ¥or' 95 0 yor'951 508 s8E19
BrGL 88199 o lwojooy 0 0 2 Z29'Th Z9TL 0 buo) jooy
€09 98L'ST- 0 PueD WS 0 0 V Brr'd e 0 Puoy auhxg
(1] 4] wugudfl 000 0 0 ®og ewfys 0 '96L'591 9l 826'308 L] 826'801 IBoS enS
o0 00 auLpig ud $peo sdopau SpPo) edojeaul
00 00 aiamug || () ymg ymg (5) g (%) ymig ymg lyma
189 v vony | | 10k IO sues oL sueg aoedg S WIOLI0  ejqisusg 1IMOLI0 oy W4 CBUSE e 4 SUBS
169 v wnyey | | uensed yead 1100 yead aoedg Jwesad  ededs Jweed  JeN unusly soeds
169 e wnuayg vy : :
8oL LS gavs or 9avo . syeed lgQvo : 15195 [£9 HHEWEOYO 2y apesing
BupesH  Buood ubisaq Bugea KON ©jowns oW : i1 ¥ SHoW ‘sun) 18 payead
SIUNLVEIAWNIL MV3d 102 ONILVYIH MV3d IIVdS 970 HWV3d 7102 ONIMNO0D
|10 ued -NHY
DIN3avoVY /g

swnsyoay) wiasks

Anderson Clemenceau | Mechanical | Dr. Rim | Ed Roberts Campus



20

5 j0 § aBeg podey swnsPayY) waisis | - aMELLaY

anepopABIeu3ON3

‘swe jeseieq

¥10Z/SOM0 YO el ¥1:E0 18 PRIBINOED €94 DOL @3DWHL sndwe) speqoy P3 awen peloig
949 mol| [ o 0 0 1000 p3
0S8 00F .66 661" wap 0 0 0 1em
00 00 0 00 npy 0 0 0 ooy 925 vy 1m0y
0ZL 0% 9L ziE- w 0 14x3
00 00 0 00 1w 0 o0qw || |65 O 965 00L £E9 WL L6E 4] Vi 60 Wap 140
00 00 0 00 a4 0 ued | |00 00 00 00 00 00 0 00 00 00 B1g xny
9L 09 L9t rir BaH uy oLy wod || |91S 075 095 665 L0909 0L 291 LI Sy SE 610 uew
de w2 ugn [ 3 IT] b 4, 4, aub 4, EN w2 =11 yan uo}
Ba) w3 moryied Aypuded ss¥ID 1£30) 58040 HH/AWEQ dATa] HHIAMWEQ w3 mojury iod  degsusg  Apede) jeio)
NOILIIT3S 102 DNLLYIH SY3auv NOILD3T3S 102 9ONMO02
62 aydong "oN | [ 00001  B890'85- S6E'8- <== [€)0) pURID 00DOL  Z¥S'6Z L0000, 6¥0'9E 1681 LB'EE <== [010) puURID
819 85Tl Aaymg : :
68056 voyy (| 000 0 9Beyean Jjy Aiddng - ‘0 0 0 sbexea) ury Addng
95°18€ voywp |1 000 0 drid 1 1dng Jepun - ‘0 0 dnyg 14 dng Jpapun
oo or0 AP : ‘0 0 0 dnyd 19y 19nQ
I'e2 et vo% || 0tis  68L6Z- 1B [RUOIPPY | ‘0 0 0 o uey 10y
Bupesyy  Bujjoon 0o 0 I 1eayRId VY - ‘L 8rz way uey dng
YOYE  ¥BR6L- WIC) 109Yaid YO | e i 6 1Ry sneyx3
SHO ONIIANIONI 00 0 VeoH 1sneyx3 0 0 ‘0 0 0 Burzig spun/a0
000 0 0 Bugng spun/ro 0 0 Bugs AQ ‘prunysq
0 0 0 09K sueil apy oY O 0 0 0 0 100K Suei Iy [PY
0 0 sdn ebewent || gyl geCE S6E'8- peoT uopRInuaA 6 s ek 89C'¥ o 89y PEOT UOREINUIA
0 0 umq aliees | | 000 0 0 peo Buyed 0 o 0 0 o (] peo) Buyed
0 0 Asepypxrry .
0 /] yxgjuny || 000 0 L] <==@0[ qnS I8 LBL'ET 168 £86°LE BEE'T Er9'6C <== [#j0] gnS
26€ 16€ wonpag || 000 0 0 ®N ez EEVL ‘02 ££1L o £ELL 8/IN
890z 6907 wmay || 000 0 0 sdosd - GZ L08°L “9E ESLEL 0 £SLEL eydoad
291 9 yydoguw || 000 0 0 s ze 85¢'6 2 16911 6EET 855’6 sy6n
0 0 Wy R0 [eusRI] - : speo [ewsau)
26€ 16E WIA DY : :
26€ L6E usp woN | | oo 0 L] <==/@o[qns 10 0 0 0 0 0 <=x= [€)0] qnS
0 0 ued 208 || 000 0 0 vonenul - 0 0 ‘0 0 0 uoqEAmuU|
2.9't z29'1 ueg uew || 0 0 0 0013 wedelpy - 0 0 10 0 0 0 40014 eoelpy
zi9't 749'1 eupusag || 000 0 0 ool 10 0 ‘0 0 0 10014
29 w9 ssnyg || 000 0 0 moguoned 0 0 ‘0 0 0 scaguoned
Bugesy  Buioon wo 0 0 puoD 1B 10 0 ‘0 0 0 0 pUOD IlEM
0o 0 0 PUOD J00QSSED - - 0 0 -0 o 0 0 PLD 20001
SMOTIEIY 000 0 0 Ao ssel 0 0 0 o o ] JEj0g SSEID
wo 0 o puogj0oH | 0 0 0 0 0 0 puoy jooy
o 0 0 Puo) ewfys 0 0 o 0 0 0 PuOD awng
] 1o wugud| o0 0 0 mogeniys 0 o 0 0 o 0 1205 eping
oo 00 aLPi3 ud speo] ado@auz speo] adojaaul
0o 00 o ug || (8 ymg ymg (%) g ) ymg ymg ymg
0zZL 0EL wonay | | 1EI0LJO susg o) sudg soeds S ILI0  esusg - MeL}0 =L W s SUBS B 4 SUSG
oze oEL wny || Weded Weed 19D yead aoedg Juesed  ededg Jweded 19N unuaid sdedg
ozL ozl winuagg 1y : :
oL 19 aavs oy :80V0 : 99 'BOV0 §S /15725 "HH/EWEAYO g aprsing
Bupeay  Bwjood ubisag Bunear UHOW €116 SIHON B/1L JHON Buny |B payead
SFUNLVHIdNTL Hv3d 70D ONILYIH Mv3d 3IVdS 912 MV3d 103 ONIM002
101EM 1OH @ X0 1e9YY AWA NLY pobieyded - G waisAs S-NHY
DIN3avov Ag

swnsyoay) wajskg

Anderson Clemenceau | Mechanical | Dr. Rim | Ed Roberts Campus





