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‘ . I. EXECUTIVE SUMMARY

A. Introduction

This energy conservation study was performed by Huitt-Zollars Inc, for the U.S. Army Engineer
District (USAED), Fort Worth, under contract number DACAC63-94-D-0015. The study was
conducted at Red River Army Depot (RRAD) in Texarkana, Texas, between October 17, 1994
and April 14, 1995. The site survey and data collection were performed by C.A. Pieper, P.E. and
Tom Luckett, Lighting Designer.

The purpose of the study was to perform a limited site survey of specific buildings at the facility,
identify specific Energy Conservation Opportunities (ECOs) that exist, and then evaluate these
ECOs for technical and economic feasibility. These ECOs were limited to building interior
lighting and it's effects on the heating, ventilating and air conditioning (HVAC) systems.

This survey was conducted with the assistance of many individuals at the facility. Special thanks
is.extended to all who assisted, including the following individuals:

Ross Ramsauer, Energy Coordinator

Doyle Grider, Electrical Maintenance Supervisor

Wayne Rahea, Planner & Estimator

. Any questions concerning this report should be directed to the Project Manager, C.A. Pieper, P.E.,
' at Huitt-Zollars Inc., 512 Main Street, Suite 1500, Fort Worth, Texas 76102. Phone 817-335-
3000.

B. Buildings Studied

The buildings included in this study and their total building areas are listed below:

Building 323, Vehicle Rehab - 59,392 sqft
Building 468, School / Clinic - 59,614 sqft
Building 15, Post Headquarters - 31,267 sqft
Building 441, Small Arms Repair / Whs. - 37,267 sqft
Building 133, Misc. Trade Work - 13,654 sqgft
Building 245, Maintenance Shops - 15,827 sqft
Building 315, Vehicle Rehab - 43,776 sqft
Building 321, Body Shop - 123,648 sqft
Building 345, Vehicle Rebuild / Gun Shop - 370,688 sqft
Building 421, Facility Maintenance - 51,456 sqft




(.

C. Present Energy Consumption

Base Year Energy Consumption: The total metered electrical and gas consumptions for 12
consecutive months, prior to this study, were obtained from the facility and are referred to as the
'base year'. These data are shown on page 8 and are summarized as follows:

Electrical 59.344 MWH
Natural Gas 156,471 MCF

Lighting Energy Consumption: The present annual lighting energy consumption (HVAC not
included) for the building areas studied was calculated on page B-2 as follows:

Lighting Energy 1,932,080 KWH
3.2% of base year total

D. Energy Conservation Opportunity (ECO) Analysis

ECOs Rejected: After reviewing the data collected at the facility and considering all of the
practical limitations involved, certain potential ECOs were rejected prior to performing
calculations. These ECOs are summarized below with their reasons for rejection.

1.

Install Additional Switches in Large A reas, Turn Lights Off: Most of the building areas
were found to be evenly occupied during working hours, and the addition of extra
switches for groups of lights in a large area would not allow lights to be turned off.
Those areas that had irregular or intermittent occupancy were considered for adding
occupancy sensors to turn off lights. See ECO 3 in Appendix E.

Install Fluorescent Reflectors in Existing Fixtures: This ECO requires installing the
polished silver reflectors into 4 lamp fluorescent fixtures and then removing 2 lamps and
a ballast. While this cuts the fixtures energy consumption in half, it also drops the lumen
output from the fixture by at least 1/3, based on IES tests. Therefore, an area must be
overlighted by at least 33% in order to maintain acceptable light levels. Very few areas
were found that could meet this criteria.

Replace Exit Signs With Low Wattage Signs: There are many different types of exist
signs at RRAD, and many are not illuminated. Because there appears to be no stringent
requirement for illuminated exit signs at the facility, any uniform replacement of the
existing signs with low wattage illuminated signs would likely increase the lighting
energy consumption. However, all new exit sign installations should be standardized to
use only low wattage LED or fluorescent types, rather than the incandescent type.

Install Compact Fluorescent Lamps in Incandescent Fixtures: These new compact
fluorescent lamps can be easily replaced at a later time with inefficient incandescent
lamps, therefore eliminating the benefit of any lamp retrofit project. Since the longevity
of this energy conservation retrofit cannot be guaranteed, this potential ECO has been
rejected.




ECOs.Recommended: Certain ECOs which were identified during the building survey have been
evaluated for technical and economic feasibility and are recommended for implementation.
Complete documentation of all calculations as well as information required for implementation
is included in Appendix D. These recommended ECOs are summarized below in order of
descending Savings to Investment Ratio (SIR).

ECO 2: Replace Existing Fluorescent Lighting With Electronic Fluorescent Lighting

Electrical Energy Savings 539,071 KWH/yr
Electrical Demand Savings 2,694 KW-molyr
Natural Gas Energy Penalty 915.0 MMBTU/yr
Net Energy Savings 924.8 MMBTU/yr
Annual Cost Savings 30,980 $/yr

Total Investment 206,512 §

Simple Payback 6.6 yrs

SIR 221

ECO 1: Replace Existing Incandescent And Mercury Vapor Lighting.

Electrical Energy Savings 214,901 KWHAr
Electrical Demand Savings 1,126 KW-molyr
Natural Gas Energy Penalty 369.0 MMBTU/yr
Net Energy Savings 3644 MMBTU/yr
Annual Cost Savings 18,494 $iyr

Total Investment 165,411 §

Simple Payback 8.9 yrs

SIR 1.65

ECOs Not Recommended: Certain ECOs which were identified during the building survey
have been evaluated for technical and economic feasibility but are not recommended for
implementation. Complete documentation of all calculations are included in Appendix E.
These non-recommended ECOs are summarized below in order of order of descending SIR.

ECO 3: Provide Motion Sensor Controls For Lights

Electrical Energy Savings 1,659 KWH/yr
Electrical Demand Savings 0 KW-mo/yr
Natural Gas Energy Penalty 0 MMBTU/Nr
Net Energy Savings 5.6 MMBTU/yr
Annual Cost Savings 42 S$iyr

Total Investment 1,716 §

Simple Payback 41.1 yrs

SIR 0.37

Because of the long payback period and the low SIR, this ECO is not recommended
for implementation.

ECIP Projects Developed. The facility decided not to submit any projects for ECIP funding. All
projects will be submitted for funding as Non-ECIP projects.




ECIP Projects Developed. The facility decided not to submit any projects for ECIP funding. All
projects will be submitted for funding as Non-ECIP projects.

Non-ECIP Projects Developed. Project 1 below will be submitted by the facility for funding as
anon-ECIP project. However, there is some opposition to the implementation of Project 2 within
the facility staff. It has been included in this summary in case the opposition is éliminated and
the staff decide to implement it in an effort to conserve energy:

Project 1: Replace Existing Incandescent And Mercury Vapor Lighting.

Electrical Energy Savings 214901 KWH/yr
Electrical Demand Savings 1,126 KW-mol/yr
Natural Gas Energy Penalty 369.0 MMBTU/yr
Net Energy Savings 3644 MMBTU/r
Annual Cost Savings 18,494 S/yr

Total Investment 165,411 §

Simple Payback 89 yrs

SIR 1.65

Project 2. Replace Existing Fluorescent Lighting With Electronic Fluorescent Lighting

Electrical Energy Savings 539,071 KWH/yr
Electrical Demand Savings 2,694 KW-molyr
Natural Gas Energy Penalty 915.0 MMBTU/r
Net Energy Savings 9248 MMBTU/r
Annual Cost Savings 30,980 S/yr

Total Investment 206,512 §

Simple Payback 6.6 yrs

SIR 221

Recommended Maintenance & Operations Practices: The following maintenance and operations
(M&O) practices are recommended to help conserve lighting energy at the RRAD.

1.

The Energy Coordinator should work together with the RRAD Director of Public Works
to develop a Standard Specification for all future lighting repair and renovation projects.
All facility lighting designers, as well as the lighting maintenance contractors, should be
required to follow this specification. The energy coordinator should review all new
lighting designs to check for compliance with the specifications. This will help to
eliminate the inadvertent use of inefficient lighting systems at the facility.

Facility lighting designers should obtain and use published design lighting levels for all
lighting renovation projects or new installations. This will help to eliminate overlighting.

The installation of new incandescent lighting should be prohibited. More efficient sources
should be used in all cases.

The energy coordinator should direct considerable energy conservation efforts towards the
production processes using electrical energy, as this is the largest area of potential
savings. See page 8, Utility Data, for more details.

The energy coordinator should attend training seminars for building energy managers,
such as those listed in Appendix G, whenever possible.




. E. Energy And Cost Savings

Total Potential Energy and Cost Savings. The calculated energy and cost savings from the
implementation of both projects is as follows:

Electrical Energy Savings 753,972 KWH/yr
Electrical Demand Savings 3,820 KW-mol/yr
Natural Gas Energy Penalty 1,284 MMBTU/yr
Total Energy Savings 1,289 MMBTU/yr
Total Cost Savings 49,474 Siyr

Total Investment 371,923 §$

Simple Payback 7.5 yrs

Energy Use and Costs Before and After. Based on the base year electrical and gas energy
consumptions and costs shown on page 8, and the calculated total potential savings above, the
RRAD energy and usage and costs before and after implementation of the two Non-ECIP projects
is-as follows:

Before After
Electrical 59.344 MWH 58.590 MWH
Natural Gas 156,471 MCF 157,755 MCF

. Total Cost 2,943,671 $ 2,894,197 $

Percentage Saved. Based on the base year electrical and gas energy consumptlons and costs, the
percentage of savings from the two projects is as follows:

Electrical Energy Saved = [ 0.753 MWH

———1 = 13%
59.344 MWH

1,284 MCF

Gas E P =
nergy Penalty [156,471 MCF

] = 0.8%

49,474 §

Energy Cost Savi = —" 2
T8y CoSt Savings [2,943,671 $

] - 17%




II. NARRATIVE REPORT

A. Entry Interview

Work Plan: An entry interview meeting was con-
ducted at the Red River Army Depot (RRAD)
facility on October 17, 1994. Present at the
meeting were representatives of Huitt Zollars Inc.,
C.A. Pieper, Project Manager, and Tom Luckett,
Lighting Designer, as well the representative from
RRAD, Ross Ramsauer, Energy Coordinator. At
that time, a description of the work plan for this
study was presented. The work plan was a
summary of the individual tasks to be performed to
complete the lighting survey and the approximate
date that each task was to begin. Each step of the
work plan was described in detail to the RRAD
staff. The work plan is shown in Figure 1.

Figure 1. Work Plan

Data List:  After discussing the Figure 2. Data Acquisition List
work plan, the RRAD staff was

presented a list of data items to
be collected by the study team,
shown in Figure 2. The study
team and RRAD staff discussed
the methods by which all of the
data on the list were to be ob-
tained. The data concerning the
existing lighting systems and light
levels were to be collected from
the buildings or areas studied and
recorded onto preprinted data
forms. All other data were to be
obtained from the facility person-
nel responsible for each item.
The RRAD representative pro-
vided useful information on past
energy conservation efforts, as
well as any ongoing or future
planned energy conservation measures. Also, he provided direction as to where to obtain other
information on the list. Any security passes that the surveyors needed to gain access to the facili-
ty were discussed and plans were made to obtain them.

ECO List: Following the discussion on the data list, the RRAD personnel were presented a list
of specific Energy Conservation Opportunities (ECOs) that the surveyors were looking for. It in-
cluded three general ways to conserve on lighting energy. The first method reduces lighting
energy consumption by simply removing lamps or fixtures from areas which are currently
overlighted or which could be modified to reduce the need for the existing quantity of lights.
Light levels were to be measured by the surveyors and compared with design standards to
determine whether or not an area was overlighted. The second method saves energy by turning
lights off with additional switches, motion sensors or daylight sensors. Areas which were partially
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or intermittently uneccupied, or which had sufficient daylight from windows or skylights were to
be -located by the surveyors. The third method saves energy by reducing the wattage of the
existing light source. The surveyors were to look for inefficient light sources within the buildings.
These three general energy conservation strategies were discussed in detail with the RRAD staff,
who provided feedback on potential applications at their facilities. The ECO list is shown in
Figure 3.

Figure 3. Energy Conservation Opportunity (ECO) List
B. Data Collection

Building Data: This lighting
study at the RRAD was
originally targeted at forty nine
(49) buildings, with many
different functions, ranging from
administrative offices, to storage
and production facilities. All of
the buildings are located at the
Red River Amy Depot in v
Texarkana, Texas.  However, - 3 . Improve Lighting Efficiency: "
during the field survey, a total of e G
thirteen (13) buildings were
dropped, due to security access
reasons. These buildings were
the 600, 900 and 1100 series
buildings, listed in the Scope of
Work, in Appendix F (see page
F-9). All of the thirty-six (36) remaining buildings were field surveyed, and there were no
duplicate type buildings found. Therefore, the ten (10) buildings with the greatest potential for
lighting energy savings were selected for the detailed study. The total building area covered in
the initial survey was 1,733,553 sqft. General data on each of the 10 buildings selected for
detailed study are provided on the Building Data Sheets in Appendix C. The total area of the 10
buildings selected was 806,589 sqft. The buildings selected for detailed study were listed on page
1.

'.””‘5’5:.»;Adc‘i'iﬁongl’_ jtches

" .."8) Replace incandescent $0

Install more efficient f

Lighting Data: In order to collect the existing lighting data, a walk through of the buildings was
performed. This walk through covered all of the buildings included in the study. During the walk
through, the auditors went room by room, recording the quantity and type of existing lighting
systems, measured average light levels, and potential ECOs available. These data were recorded
onto the Energy Conservation Opportunity (ECO) data forms included in Appendix C. Building
maps are also included in Appendix C, which show room numbers corresponding to those listed
on the data forms. This will allow the facility staff, as well as the study team, to readily identify
the existing lighting conditions anywhere in the buildings studied.

The interior lighting is currently operated during the entire work day, which runs from 6:45 am
until 5:15 pm. The total annual lighting energy consumption for the buildings studied was
calculated at 1,932,080 KWH, see Appendix B. Many areas have very old incandescent,
fluorescent or mercury vapor lighting, which should be replaced with newer, more efficient
fixtures whenever possible.




comtractors, and in-house personnel, due to the size of the facility, the number of light fixtures,
and the reduced size of the maintenance staff. The facility energy coordinator is not involved in
most of the building maintenance and renovation projects, and therefore has no direct control over
the type of lighting used. No lighting energy conservation projects were planned at the time of
this report. During the building walk through, the following additional observations were made.

' Maintenance Data: Lighting maintenance at RRAD is currently performed by both outside

1. Incandescent lighting remained in use in areas where newer High Pressure Sodium
lighting had been installed to replace it. The incandescent fixtures should have been
removed.

2. Light fixtures remained in use over top of areas where partitions and ceilings had been
added to create office space in large open buildings. These fixtures should have been
removed.

3. Many rooms or areas were found unoccupied with all of the lights burning. Occupancy
sensors should be installed wherever possible to turn these lights off.

4, Workmen were observed installing incandescent fixtures in a building for task lighting.
Fluorescent fixtures should have been used.

5. In a building under renovation, new fluorescent fixtures were being installed in a corridor,
which were poorly suited to the task involved. A more suitable fixture should have been
selected by the designer.

‘ 6. Many newly renovated areas were overlighted. Lighting level design standards should
be obtained and followed in future lighting projects.

7. No relamping standard is followed by the maintenance contractors. Energy efficient
lamps, ballasts, fixtures, etc, should be required to be installed wherever possible.

Utility Data: A 12

Figure 4. RRAD Base Year Ene and Cost Data
month utility billing .o R

history was obtained Billing Electrical Natural Gas
from the energy Period Consumption| Demand Cost Consurnption Cost
coordinator, - which MWH KW N MCF S
f:ge::?’ thleggg ”‘:grgﬁ’; AUG 5.832 14111 242,366 4,661 13,228
July, 1994, These data SEP 5.688 14268 241,257 4,720 12,134
are to be referenced as a OCT 4.291 12,387 190072 5,387 16,463
‘base year', and included NOV 4.349 11,612 188,280 18571 56,913
all of the metered elec- DEC 5.198 12,001 215204 27,469 81,336
tric and natural gas JAN 4.421 12,286 182218 29,838 87,286
consumption for the FEB 4,666 12,026] 183857 22787 66,289
facility. The data are
shown in Figure 4. The MAR 4.450 11,838] 180,680 16,730 49,803
total cost of electricity APR 4594 12234] 186618 10,486 34,557
for the base year was MAY 4.666 12,623 200,637 5,610 17,180
. $2.4 million and the JUN 5.458 14,567 229,179 8,551 11,214
total cost for natural gas JUL 5731 18789 287,776 6,661 19,134
was §0.4 million. Total 50.344| 153682 2478134|  156471] 465537




Charts of the base year energy usages were plotted and are shown in Figures 5 and 6. These
chadrts provide a visual representation of the energy usage patterns for the year.

Looking at Figure 5, it can be
seen that the electrical usage
almost never falls below 4.5
MWH per month. This is
considered a ‘'baseline' of
electrical energy use. It can be
assumed that all energy usage
above this baseline is used for
heating and cooling systems,
based on the peaks and the
months in which they occur.
Therefore, the baseline would
include all of the lighting as well
as the manufacturing process
energy usage. Considering that
the calculated lighting energy
consumption for the buildings

Figure 5. RRAD Electrical Usage 1993-94
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studied amounts to only 0.161 MWH per month, it is reasoned that the process electrical energy
usage makes the greatest contribution to the baseline of 4.5 MWH per month. Since this process
energy usage appears to be so much greater than that for lighting, the potential for process energy
savings is considered very great. Therefore, is recommended that the energy coordinator direct
considerable conservation efforts to process energy usage.

Looking at Figure 6, the monthly
baseline of usage is about 5,000

MCEF, which is domestic and pro--

cess hot water, as well as food
service energy. It is clear that
heating is the main use of gas at
the facility, based on the obvious
peak between October and May.
Still, some energy savings might
be obtained by directing some
conservation efforts at the baseline
usage of gas at the facility.

The electric utility rate schedule
from the Southwestern Electric
Power Company (SWEPCO), and
the natural gas rate schedule from

Figure 6. RRAD Natural Gas Usage 1993-94
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ENRON are included in Appendix A. There is currently no rebate available from the SWEPCO
for lighting energy conservation projects. The current avoided costs for electricity and gas are
$0.0254 per KWH, $5.01 per KW of peak demand, and $1.89 per MMBTU of gas. These
avoided costs are the marginal savings per unit of energy and demand savings at the facility. See
Appendix A for a complete analysis of the utility rates.




C. Plan To Implement Projects:

The analysis of all potential lighting ECOs at the facility has been completed and the grouping
of individual ECOs into projects has been determined. These were detailed previously in the Execu-
tive Summary. Below is an abbreviated plan for implementation of the recommended projects.

Project 1: The forms DD-1391, cost estimate and associated life cycle cost analysis summary
sheet for this project are provided on pages 12 to 15. These are to be submitted for project
funding, along with the calculations in Appendix D if required. The recommended plan to
implement this project after funding is obtained is as follows:

A.

This project shall require a new lighting layout design, demolition and removal of existing
fixtures, and installation of new fixtures and associated wiring. The new design should
call for the removal of approximately 825 existing incandescent and mercury vapor light
fixtures, and installation of approximately 676 new fluorescent and high pressure sodium
light fixtures. The existing fixtures are identified on a room by room basis on the ECO
data sheets on pages C-3 through C-69 for the designer. The new fixtures should be
selected by the designer on a room by room basis, using the replacement light sources

shown in the following table.

EXISTING FIXTURE
LIGHT SOURCE

RECOMMENDED NEW

FIXTURE LIGHT
SOURCE

60W Incandescent

18W Fluorescent

100W Incandescent

26W Fluorescent

150W Incandescent

32W Fluorescent

200W Incandescent

(2) 32W Fluorescent

300W Incandescent

(3) 32W Fluorescent

160W Mercury

32W Fluorescent

175W Mercury 100W HPS
250W Mercury 150W HPS
400W Mercury 200W HPS
1000W Mercury 400W HPS

The fluorescent fixtures should be specified with electronic ballasts and T8 lamps. Locate
the new light fixtures over desks or other work tables as required to provide the design
light levels at the work station in each room. All switching and circuitry is to remain the

same wherever possible.
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Project 2: The forms DD-1391, cost estimate and associated life cycle cost analysis summary
sheet for this project are provided on pages 16 to 19. These are to be submitted for project
funding, along with the calculations in Appendix D if required. The recommended plan to
implement this project after funding is obtained is as follows:

A.

This project shall require a new lighting layout design to obtain IES recommended design
lighting levels by removing approximately 441 existing fixtures in overlit rooms. These
rooms are identified in the savings calculation spreadsheets on pages D-40 through D-64.
The design should call for the removal of the extra fixtures in the rooms identified as
having an existing lighting level greater than the new light level, and repair of the ceilings
as required for aesthetics.

The design should call for the removal of magnetic ballasts and T12 lamps from 2,873
existing fluorescent light fixtures and the installation of electronic ballasts and T8 lamps
in the fixtures. The 'new fixture' quantities are identified on a room by room basis in the
savings calculation spreadsheets on pages D-40 through D-64. In some cases it may be
less expensive to simply replace the fixtures with new ones, depending upon the age and
condition of the existing fixtures. This should be determined by the designer on a room
by room basis. All switching and circuitry is to remain the same.

11




1. COMPONENT
ARMY

FY 1996 MILITARY CONSTRUCTION PROJECT DATA

2. DATE
14, APR, 1995

3. INSTALLATION AND LOCATION

RED RIVER ARMY DEPOT, TEXARKANA, TEXAS

4. PROJECT TITLE
REPLACE INC . & MERCURY LIGHTING

5. PROGRAM ELEMENT

©. CATAGORY CODE

7. PROJECT NUMBER

8. PROJECT COST ($000)

165.0
9. COSTESTIMATES
ITEM UM QUANTITY | UNITCOST | COST ($000)

Replacement of existing inefficient incandescent and EA 1 165.0 165.0
mercury vapor lighting with more efficient lighting.

ESTIMATED CONTRACT COST 146.351
CONTINGENCY (0%) 0.0
SIOH 8159
DESIGN &.9201
TOTAL REQUEST 165.411
TOTAL REQUEST (ROUNDED) 165.000

10. DESCRIFPTION OF PROPOSED CONSTRUCTION

Remove 825 existing incandescent and mercury vapor light fixtures, and replace them with 676 new
fluorescent and high pressure sodium light fixtures. The fluorescent fixtures should be specified with
electronic ballasts and 76 lamps. Locate the new light fixtures over desks or other work tables as
required to provide the design light levels at the work station in each room. This project shall require
a new lighting layout design, demolition and removal of existing fixtures, and installation of new
fixtures and associated wiring. All switching and circuitry is to remain the same wherever possible.

FORM
DDy pec7e 1291

PAGE NO.
1of2
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1. COMPONENT 2. DATE

ARMY FY 1996 MILITARY CONSTRUCTION PROJECT DATA 14, APR, 1995

3. INSTALLATION AND LOCATION

RED RIVER ARMY DEFPOT, TEXAS

4. PROJECT TITLE 5. PROJECT NUMBER
REPLACE INC . & MERCURY LIGHTING

1. REQUIREMENT

The project is required to reduce lighting energy consumption at the Red River Army Depot facilities.
The project provides new interior lighting, which will be more efficient than the existing lighting, in
order to save lighting energy and cost. All buildings included in this project will be active throughout
the payback period. Installation of this lighting will result in the following:

Electrical Savings 214,901 KWH/yr
Electrical Demand Savings 1126 KW
Natural Gas Penalty 362.0 MMBTU/yr
Total Energy Savings 364.4 MMBTU/yr
Lost Savings 18,494 $/yr
Payback Period ' 6.2 yrs
SIR 1.65

CURRENT SITUATION:

The facility currently has numerous incandescent and mercury vapor lighting systems in it's
buildings. Thesee existing light sources are inefficient and should be replaced with more efficient light
sources, such as fluorescent and high pressure sodium.

IMPACT IF NOT PROVIDED

If this project is not provided, a reduction of 364.4 MMBTU per year of energy and $18,424 of utility
and maintenance costs will continue to be wasted. There will be no contribution to energy reduction
goals established at the facility. Also, mercury vapor lamps are now considered hazardous waste
and require special and expensive disposal. Implementation of this project will save disposal costs in
addition to the energy and maintenance savings shown.

FORM PAGE NO.
DD PR 1391 o OF 5
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LIFE CYCLE COST ANALYSIS SUMMARY STUDY: RRAD

ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) LCCID FY95 (92)
INSTALLATION & LOCATION: RRAD REGION NOS. 6 CENSUS: 3
PROJECT NO..& TITLE: 03-0185-01 LIGHTING SURVEY STUDY
FISCAL YEAR 1995 DISCRETE PORTION NAME: PROJECT1
ANALYSIS DATE: 04-14-95 ECONOMIC LIFE 20 YEARS PREPARED BY: PIEPER
1. INVESTMENT
A. CONSTRUCTION COST $  148351.

B. SIOH $ 8159.

C. DESIGN COST $ 8901.

D. TOTAL COST (1A+1B+1C) $  165411.

E. SALVAGE VALUE OF EXISTING EQUIPMENT $ 0.

F. PUBLIC UTILITY COMPANY REBATE $ 0.

G. TOTAL INVESTMENT (1D - 1E - 1F) $ 165411,
2. ENERGY SAVINGS (+) / COST (-)

DATE OF NISTIR 85-3273-X USED FOR DISCOUNT FACTORS OCT 1994

‘ 3'

\\,l

UNIT COST  SAVINGS ANNUAL $ DISCOUNT DISCOUNTED
FUEL $/MBTU(1)  MBTU/YR(2) SAVINGS (3) FACTOR(4) SAVINGS(5)
A. ELECT $ 7.44 733. $ 5456. 15.08 S 82284.
B. DIST $ .00 0. $ 0. 18.57 $ 0.
C. RESID $ .00 0. $ 0. 21.02 $ 0.
D. NAT G $ 1.89 -369. $ -697. 18.58 $  -12958.
E. COAL $ .00 0. $ 0. 16.83 S 0.
F. PPG §$ .00 0. $ 0. 17.38 S 0.
M. DEMAND SAVINGS $ 5641. 14.88 $ 83938.
N. TOTAL 364. $  10400. $ 153264.

NON ENERGY SAVINGS(+) / COST(-)

A. ANNUAL RECURRING (+/-) $ 8094.
(1) DISCOUNT FACTOR (TABLE A) 14.88
(2) DISCOUNTED SAVING/COST (3A X 3Al) $ 120439.
B. NON RECURRING SAVINGS(+) / COSTS(-)
SAVINGS (+) YR  DISCNT DISCOUNTED
ITEM COST(-) OC  FACTR SAVINGS (+) /
(1) (2) (3) COST(-) (4)
d. TOTAL $ 0. 0.

C. TOTAL NON ENERGY DISCOUNTED SAVINGS (+)/COST(-) (3A2+3Bd4)$  120439.

FIRST YEAR DOLLAR SAVINGS 2N3+3A+(3Bdl/ (YRS ECONOMIC LIFE))$ 18494.
SIMPLE PAYBACK PERIOD (1G/4) 8.94 YEARS
TOTAL NET DISCOUNTED SAVINGS (2N5+3C) $ 273703.
SAVINGS TO INVESTMENT RATIO (SIR)=(6 / 1G)= 1.65

(IF < 1 PROJECT DOES NOT QUALIFY)
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1. COMPONENT
ARMY

FY 1996 MILITARY CONSTRUCTION PROJECT DATA

2. DATE
14, AFR, 1295

3. INSTALLATION AND LOCATION

RED RIVER ARMY DEPOT, TEXARKANA, TEXAS

4, PROJECTTITLE

UPGRADE FLUORESCENT LIGHTING

5. PROGRAM ELEMENT

©. CATAGORY CODE 7. PROJECT NUMBER 8. PROJECT COST ($000)

207.0

9. COST ESTIMATES

ITEM UM QUANTITY [ UNITCOST | COBT ($000)
Replacement of existing inefficient fluorescent ballasts EA 1 207.0 207.0
and lamps with more efficient electronic ballasts and
lamps.
ESTIMATED CONTRACT COST 1865.212
CONTINGENCY (0%) 0.000
SIOH 10187
DESIGN JIAL)
TOTAL REQUEST 206512
TOTAL REQUEST (ROUNDED) 207.000

10. DESCRIPTION OF PROPOSED CONSTRUCTION

Remove 441 fluorescent light fixtures from overlit areas. Remove existing magnetic ballasts and T12
lamps in all remaining fluorescent light fixtures and replace them with new electronic ballasts and 76
lamps. The total number of fixtures affected by this ballast and lamp retrofit is 2,673.

FORM
DD | pecre 1291

PAGE NO.
10of2
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1. COMPONENT 2. DATE

ARMY FY 1296 MILITARY CONSTRUCTION PROJECT DATA 14, APR, 1295

3. INSTALLATION AND LOCATION

RED RIVER ARMY DEPOT, TEXARKANA, TEXAS

4. PROJECT TITLE 5. PROJECT NUMBER
UPGRADE FLUORESCENT LIGHTING

1. REQUIREMENT

The project is required to reduce lighting energy consumption at the Red River Army Depot facilities.
The project provides new electronic fluorescent lighting, which will be more efficient than the existing
fluorescent lighting, in order to save lighting energy and cost. All buildings included in this project
will be active throughout the payback period. Installation of this lighting will result in the following:

Electrical Savings 539,071 KWH/yr
Electrical Demand Savings 2,694 KW
Natural Gas Penalty 915.0 MMBTU/yr
Total Energy Savings 924.5 MMBTU/yr
€ost Savings 30,280 $/yr
Payback Period 6.6 yre
SIR 221

CURRENT SITUATION:

The facility currently has much fluorescent lighting in it's buildings. These existing light fixtures
typically have the T12 lamps and standard magnetic ballasts. Also, many areas were found to be
overlighted, when compared to the lllumination Engineers Society (IES) design light levels.

The existing lamps and ballasts should be-replaced with new electronic ballasts and T& lamps. These
newer lamps and ballaste are more efficient and use less energy. Also, in areas which are currently
overlighted, the quantity of fixtures should be reduced. The new lighting layout design should
consider the design light levels recommended by the IES, and place the fixtures over desks, work
tables or work stations. This will maintain recommended levels at the work stations while not
overlighting the surrounding work areas.

IMPACT IF NOT PROVIDED

If this project is not provided, a reduction of 924.86 MMBTU per year of energy and $30,980 of
utility and maintenance costs will continue to be wasted. There will be no contribution to energy
reduction goals established at the facility.

PAGE NO.

FORM
DDy pecre 1591 20F2
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LIFE CYCLE COST ANALYSIS SUMMARY STUDY: RRAD

ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) LCCID FY95 (92)
INSTALLATION & LOCATION: RRAD REGION NOS. 6 CENSUS: 3
, PROJECT NO.. & TITLE: 03-0185-01 LIGHTING SURVEY STUDY
. FISCAL YEAR 1995 DISCRETE PORTION NAME: PROJECT2
ANALYSIS DATE: 04-14-95 ECONOMIC LIFE 20 YEARS PREPARED BY: PIEPER
1. INVESTMENT
A. CONSTRUCTION COST S 185212.
B. SIOH $ 10187.
C. DESIGN COST $ 11113.
D. TOTAL COST (1A+1B+1C) $ 206512.
E. SALVAGE VALUE OF EXISTING EQUIPMENT $ 0.
F. PUBLIC UTILITY COMPANY REBATE $ 0.
G. TOTAL INVESTMENT (1D - 1E - 1F) $ 206512.

2.

ENERGY SAVINGS (+) / COST (-)

DATE OF NISTIR 85-3273-X USED FOR DISCOUNT FACTORS OCT 1994

UNIT COST  SAVINGS ANNUAL $ DISCOUNT DISCOUNTED
FUEL $/MBTU(1) MBTU/YR(2) SAVINGS(3) FACTOR(4) SAVINGS(5)
A. ELECT $ 7.44 1840. $ 13688. 15.08 $  206417.
B. DIST $ .00 0. $ 0. 18.57 S 0.
C. RESID $ .00 0. $ 0. 21.02 S 0.
D. NAT G $ 1.89 -915. $ -1729. 18.58 $  -32131.
E. COAL $ .00 0. $ 0. 16.83 S 0.
F. PPG $ .00 0. $ 0. 17.38 $ 0.
M. DEMAND SAVINGS $  13497. 14.88 $ 200835,
N. TOTAL 925. $ 25456, $ 375121.
NON ENERGY SAVINGS(+) / COST(-)
A. ANNUAL RECURRING (+/-) $ 5524.
(1) DISCOUNT FACTOR (TABLE A) 14.88 .
(2) DISCOUNTED SAVING/COST (3A X 3Al) $ 82197.
B. NON RECURRING SAVINGS(+) / COSTS(-)
SAVINGS(+) YR  DISCNT DISCOUNTED
ITEM COST (-) oC  FACTR SAVINGS (+) /
(1) (2) (3) COST(-) (4)
d. TOTAL $ 0. 0.
C. TOTAL NON ENERGY DISCOUNTED SAVINGS(+)/COST(-) (3A2+3Bd4)$ 82197.

FIRST YEAR DOLLAR SAVINGS 2N3+3A+(3Bdl/(YRS ECONOMIC LIFE))S$ 30980.

SIMPLE PAYBACK PERIOD (1G/4) 6.67 YEARS
TOTAL NET DISCOUNTED SAVINGS (2N5+3C) $  457318.
SAVINGS TO INVESTMENT RATIO (SIR)=(6 / 1G)= 2.21

(IF < 1 PROJECT DOES NOT QUALIFY)
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APPENDIX A
ENERGY COST ANALYSIS

Electrical Energy Cost Analysis

Electric Rate Schedule: The RRAD is supplied electrical power by the Southwestern Electric
Power Company (SWEPCO), based in Shreveport, LA. The SWEPCO representative for the
RRAD account is currently George Leake, in Texarkana, Texas, 903-793-7641. The facility is
billed under the Large Lighting And Power Service (LLP) rate schedule, which is provided,
beginning on page A-3. The current monthly billing components of this rate schedule are as
follows:

Demand Charge: $50,000 for first 10,000 KW or less of billing demand
$5.01 per KW of billing demand over 10,000 KW
where: Billing Demand is the average 15 minute peak KW load during each

month, but never less than 80% of the highest billing demand, established
by RRAD during the previous 11 months.

Energy Charge: $0.007 per KWH of energy
Fuel Charge: $0.01716 per KWH of energy used from Dec. through Feb.
$0.01905 per KWH of energy used from Mar. through May.
$0.02021 per KWH of energy used from Jun. through Aug.
$0.01716 per KWH of energy used from Sep. through Nov.
note: The fuel charge figures shown above have been adjusted, as is done by

SWEPCO, to account for line losses in the 'substation’ type service that
is provided by SWEPCO. This simply means that the fixed fuel factors
in Schedule FC of the LLP Rate Schedule have been multiplied by a
factor of 0.9695 to account for these losses. See pages A-5 and A-6 for
details.

Cost of Service (Tax): $0.000025 per KWH of energy used

note: This is a tax collected by the utility company, for the State of Texas.
See pages A-7 through A-9 for details.

Facility Charge: $2.40 per month

Avoided Costs: In order to convert electric demand and energy savings into dollar savings, the
avoided costs of demand and energy are determined. These are the marginal cost savings to be
realized by the facility, per unit of demand or energy saved. Using the above billing components,
the Avoided Cost of Demand (Cp) and the Avoided Cost of Energy (Cg) are determined as
follows:




‘ - c, - 8501
KW

C, - (B +AF + 1) x —KWH__ . L0000 BTY $
3413 BTU MMBTU MMBTU
where,
E = energy charge = $0.007/KWH
AF = average fuel cost factor' = $0.01839/KWH
T = cost of service tax = $0.000025/KWH
C, = (0007 + 001839 + 0.000024) x 000000 _ _§7.44
3413 MMBTU

A-2




Southwestern Electric Power Company
General Offices-Shreveport, Louisiana
Texas

Authorized By: PUCT Order-Docket No.5301 February 15,1984

LARGE LIGHTING AND POWER SERVICE (LLP)

AVATLABILITY

This rate schedule is available to all customers on an annual basis for
service for lighting, heating and power or combination of lighting, heating
and power where facilities of adequate capacity and suitable phase and
voltage are available. Service will be supplied at one point of

delivery through one meter.

MONTRLY RATE

Kilowatt Charpe:

$50,100,00 for the first 10,000 Kilowatts of Billing
Demand or less in the month.
$5.01 each for all kilowatts in excess of 10,000
Kilowatts of Billing Demand in the month.

Kilowatt-hour Charge:
0.70¢ per kilowatt-hour

Fuel Cost Component Of Base Rates: In addition to all other charges, the
amount of the bill will be increased by an amount per KWH calculated ia
accordance with Schedule FC.

Tax Adiustment: Total billing will be decreased or increased by the
proportionate part of any new tax or change in rate of tax as provided
in the Tax Adjustment Rider.

Determination of Kilowatts of Billing Demand:

The Kilowatts of Billing Demand for each month will be the average kilowatt
load used by the Customer during the 15 minute period of maximum use
during the month, but not less than 80%Z of the highest Kilowatts of 8illing
Demand established during the 11 preceding months. The Kilowatts of
8i1ling Demand will be subject to the Power Factor Adjustment Clause,

Capacity Charge for Highly Fluctuating Loads:

Should the Customer operate equipment with highly fluctuating, intermittent,
or abnormal characteristics that make it necessary for the Cowpany to
install special facilities to serve the Customer or to prevent disturbances
to the service to other Customers, an additional charge of $1.00 per

month per kilovolt-ampere (KVA) or fraction thereof of transformer

A-3




B

. Southwestern Electric Power Company

Continuation of Schedule

LARGE LIGHTING AND POWER SERVICE (LLP) (Continued)

capacity installed by the Company to serve the Customer will be added to
the Customer's bill.

Power Factor Adjustment:

The Company reserves the right to determine the power factor of the
Customér's installation served hereunder. Should the power factor at
the time of establishment of any 15-minute period of maximum use during
the month be determined to be below 90%, the Customer's Kilowatts

of Billing Demand will be adjusted by multiplying the Kilowatts of
841ling Demand by 90% and dividing the result by the actual power factor
at the time of maximum use.

. Transmission Discount:

Upon the request of the Customer, there will be a discount of 29 cents per
Kilowatt of Billing Demand billed on all monthly bills if electric service
is provided at the Company's available transmission voltage of 69 KV or
higher and the Customer furmishes and maintains all necessary
transformation equipment beyond this point.

. PAYMENT FOR SERVICE

Bills for electric service are due 15 days after the date of issuance and
become delinquent if not paid by the due date., Bills pald after the due
date will be assessed a penalty of 2% of the total monthly bill. If the
b4ll is unpaid after the due date, service is subject to being dis-
connected in accordance with the rules of the Public Utility Commission
of Texas, '

TERMS AND CONDITIONS
Service will be furnished under the Company's Standard Terms and
Conditiouns.

Rate Code: 060 PDI 0O Sub. Fuel
070 PDI O Pri. Fuel
. 070 PDI 1 Tran.~138KV Fuel
Revenue Class: 05

Schedule: LLP

A4




Approved Byt Docket No. 12916

SQUTHWESTERN ELECTRIC POWER COMPANY
GENERAL OFFICES - SHREVEPORT, LOUISIANA
TEXAS

FIXED FUEL FACTOR
(FUEL COST COMPONENT OF BASE RATES)
{SCEEDULE FC)

Applicable to all standard rates and all kilowatt-hours sold thereunder.
For elactric service billed under applicable rate schedules for which
thera is no metering, the monthly usage whall be estimated by the
Company and the fuel factora shall be applied. The following fuel
factors adjusted by the appropriate losg multiplier will be included

in each rate schedule to recover fuel costs:

A cabl eriod ’ ed Fu
December, January, February § .01770 per kilowatt-hour
¥arch, April, May $ .01965 per kilowatt~hour
June, July, August § .02085 per kilowatt-hour

Septembar, October, November $ 01770 per kilowatt-hour

The cost of fuel included within the Fixed Fuel Factor is comprised of
the following items:

1. Cost of fuel consumed in Company‘’s generating plants, plus

2, Cost of purchased economy energy and power and energy purchased
from small power preductien and cogeneration facilities, plua

3. Cost of other purchased energy (excluding capacity chargee), plus

4. Cost of small power production and cogeneratiocn, wheeling and
other coets assoclated with generated or purchased power as
approved by the Public Utility Commisaion of Texas, less

5. Cost of energy (excluding capacity charges) sold cutside tha
ratail jurisdictional system.

The cost of fuel consumed in the Company's generating plants shall

inelude only these items includible in FERC Accounts 501 and 547 less

those costs determined in Docket No. 5301 to be nonrecoverable and/or
nonreconcilable through the Fixed Fuel Factor.

11.01

A-5
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. SOUTHWESTERN ELECTRIC POWER COMPANY
GENERAL OFFICES - SHREVEPORT, LOUISIANA
TEXAS

Continuation of Schedule

FIXED FUEL FACTOR
(FUEL COST COMPONENT OF BASE RATES)
(SCHEDULE FC) (Continued)

The Fixed Fuel Factor for thae applicable period will be adjugted by the
appropriate loss multiplier to account for differances in line losses

corresponding to the voltage level of service. The line losg
multipliers are as follows:

Transmisaion '
138 xv .95378
€9 Xv .96443
Subgtation * .96950
Primary .98064
Secondary 1.03611 .
* Applicable to Primary Sexvice supplied from
the substaticon bus for customers served on
the LLP rate schedule.

The Cempany will maintain up-to-date monthly and cumulative records of
fuel costs, fuel revenues and the diffarence between them. When
parmitted in accordance with Public Utility Commigaion of Texas
Subatantive Rule 23.23(b)(2), Rate Dasign, the Company will reeconcile
any cumulative over— or undex~recovery of fuel cost and will either
credit or surcharge, whichever is appropriate, the over~ or under-

recovared fuel costs with interest at the rate established by the
Commission for overbilling and underbilling.

The Fixed Fuel Factor is subject to change by the Cemmission in
accordance with Substantive Rule 23.23 (b} (2), Rate Deaign.

‘II" 11.01 A




Southwestern Electric Power Company

’ - General Offices-Shreveport,Louisiana
| Texas

Authorized By: PUCT Order-Docket No.5301 February 15,1984

TAX ADJUSTMENT RIDER

The monthly bill will be decreased or increased by the
proportionate part of any new tax, or change in rate of tax or
fra?Fhise fee, or geovernmental imposition or charge (except state,
county, city and special district ad valorem taxes and any taxes
on net income) levied or assessed against the Company's electric
business that varies from the present 2% rate as the result of any
' new or amended laws or ordinances after August 1, 1976, except as

the power and energy sold under this schedule may be exempt from

the effects of any such tax or taxes or fees.

A-7




; . SOUTHWESTERN ELECTRIC POWER COMPANY
; GENERAL OFFICES - SHREVEPORT, LOUISIANA
; TEXAS
i

Authorized By: PUCT Order-~Docket No 12545 January 7,

1954

INTERIM HOUSE BILL 11 TAX ADJUSTMENT FACTORS

intarim House BiLL 11 Tax AdJustment Factors shall be effectiva with the first billing cycle of
January 1994 snd will remafn in effect until revised in January of each year or until the €

has a general rate cace which sccounts for the effect of House Eill 11 {n secardance with PUCT
substantive Rule 23.21.

Electric service supplied under the following rate schedules shall be subject to the appliceble
Intarim House BiLL 11 Tex Adjustment Factor which applies to kilowatt-hours billed during each
monthly bitling cycle, with the exception of those rates spplicable to custemers served at
cransmission level voltage. For ¢ustomers served st transmission level voltage, the appliceble
parcentage shatl be spplied te the customer's base revenue.
- House Bitll 11
1ax Agjugteent Factersg

X x base
RATE_SCHEDULE ATE COO . 8 per kwh (1) reverwe (2)
Residential Service (RS) 0610, 0613, 0414, 05615 0,000101
Rider to Residentfsl Service for Con-
trolled Service to Water Beater (RWH) 0640 0.0003%92
General Service (G5) 0640, 0682 0.000144
Lighting and Power Service (LP) -
Secondaty 0100, 0102 0.000068
Lighting and Power Service (LP)
Primery 1100, 1102 0.000061
Lighting and Power Service (LP) -
Transmission Level Voltage 0.297655
© Latge Lishting and Power Service (LLP) 2060, 007D, 1070 0.000025 )
Large Lighting and Power Service (LLP)
- Transmission Level Voltage 0.15221%
Netal Nelting Service = )
distribution Yoltages (MMS) 0350 0.000101
Metal Melting Service -
69 KV or Higher (MMS-69KV) -
Trarsmiss{on Level Voltage 0840 0,485582
contract with Lone Star Steel Company
(L$S) - Trancmission Level Voltage a380 0.3929030
01l Field Large Industrial Power
Schedule (OL1) 0800 0.000052
Munfcipal Puping Service (MPS) 0710 0.000120
Municipal Service Schedule (MS) 0740, 0742 0.000095
Municipsl Lighting service 0730, 0760 0.000083
11.04
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‘ SOQUTHWESTERN ELECTRIC POWER COMPANY
1 GENERAL OFFICES - SHREVEPORT, LOUISIANA
TEXAS

Authorized By: PUCT Order~Docket No 12545 January 7, 19594

INTERIM HOUSE BILL 11 TAX ADJUSTMENT FACTORS (Continued)

House Bilt 11
Tax Adjustment Factors

X x bage
RATE SCHEDULE RAT E £ per kwh (1) revenye (2)
Private & Area Lighting Service
(PL & ALY . 0790, 0890 0.0000%2
As-Avaitable Standby Power Setvice -
Second‘ary 6080 0.0000848
As-Available Standby Pouer Service - :
Primary 1080 0.000061
C+1 Rider 0561, 0101, o741 0.000093

(1) To be applied to metered or urmetersd kilowstt-hours

(2) Base Revenues sxcluding any fuel or add-on revere taxes

The interim House Bill 11 Tax Adjustment will be labeled on the customer's bill in sccordance with
PUCT Substantive Rule 23.21,

11.04 A
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SOUTHWESTERN ELECTRIC POWER COMPANY
STANDARD TER.?S(:?D CONDITIONS

¢ 1 APPLICABLE TO ALL CLASSES OF ELECTRIC SERVICE
in order that all Customers may receive uniform, ellicient, snd adequale service, @/@cllic 58rvice will be supplied 16 and accepted by all Cusiomasrs receiving
service from the Company in accorgance with these Terms and Conditions.
g 2. ORDER FOR SERVICE )
niract and Agreement For Electric Service Form CA-10) and otner applicabie Contract For Eiectric Service forms are provided by the Company to show
ement under which trre Customer receives ang the Company Oelivers electric service. Approptiate arrangements will be completed with Customer, or
authoned agent, bafore service 1 augpheo by the Company. A separaie contract will be n elfect for sach class of service 8t each separate location.
of service by the Company is governed by the Cormpany's Service Reluss! Policy, Sheet No. 101,
3. OPTIONAL RATES

The Comoany's published rale schedules ztale the conditions unoec which eacn 15 available for electric service. Whan two of more rates are spplicable
10 8 certa:n clpes of service. the choice of such tates Jes with the Customer. e . PR

Tha Company, at any time upon request, will determine for any Customer the rate best adapted 10 sxisting or anticipatod scrvice requircments oz dofined
by the Cu::ﬂomnr, but the Company doos not assumae responsiDelly for the selection of such rate or for the comtinuanca of the lowez! annua!l cos! under the
rale sulected.

The Corapsny lacking knowledge of changrs that may ocgur st any time :n the Customer's operating conditionz docs not sssume responsibility that Customer
witl be served under the most favorable rate; nor will the Company make refunds covenng the difference belween 1he charges under the rate 1n effect end
thore under any olher tate spplicable 1o the same service, .

Rates are normally esiabhished on 8 twelve-month bdziz and & Customer having selected 8 rate adapled 10 his service may not chanpe to sgnother rate
within 3 welve-month period uniess there is & subsiantial change in the charscles or conditions of his service. A new Customer wiil be given reasonable opportu-
nity to deterrnine his service tequirements belare definitely selecting the mosdl ’Sggggll‘er rste therefor,

The Cuziemer, il requestcd by \hg Company 10 do s50. will make ang mantain 3 reasonable doposit 1o sccure payment of bills. Rules and regulslions
governing the requirement for angd refundability of deposits are contained in the Con;pany's Deposit Policy, Sheet No. 102.

' o 5. MONTHLY BHLLS

Bilis for service will be rendered monthly, Uniess o(herwise specified. The 1erm *'month” for billing purposes will meen the period between any 1wo consetu-
uve resoings of the meters DY the Company, such readings 10 De taken as nearly a8 practicable every thirty davys.

Failure (o receive 2 bIll in no way exempis Custamers fram payment for elscrric service.

When there is goaa regson for doing 30, estimaled bills may be submilled provided that an actus! meter reading is taken every six {6} moniths. 1n months
when the metey resder is unsbie 10 gain dccezs 16 the premizes 1o read the meter on regular meter-reading 11ips, of in months when meters are not read,
Company will provide the Customer wilh a posteerd and request the Customer io réad the meler Snd relurh the card 10 Company. Il such posicerd is not
received by Company in time for billing, Companr rmay estimate meter reading and render bill Sceordingly.

When :'b»lr rendered to 2 Cammercisl or indusirial Custemer is paid after the due dale, a one-time pensally in an amoun! zel forth in the zpplicable rete
schedule will be added ta the amount owed the Company.

8. DISCONTINUANCE OF SERVICE

A Cuslomer's utility service may be disconnected and tha Company & proparty removnd from tha Customer's premises if the bill has not been paid by
the due date snd proper nolicc has bren given in accordance with the Company's Colloction and Disconnnct Policy, Sheet Ng. 103. No such suzpension of
eleetric service will interfrre with the enfarecment by the Company of sny other logal right or remedy nor relicva the Customer from ligbility to pay the minimum
charge during any zuspension. No delay by the Compony 1n enforcing any of its rights will be doomed 3 waiver of such fights nor will waiver by the Company
of sny crlault by the Customer be docmed 3 waiver of any other subscguent default.

7. EXCLUSIVE SERVICE ON INSTALLATION CONNECTED TO COMPANY'S SYSTEM

Except as may be soecifically perratied unoefr 1antis Qoverminig (he ALEICONNECHON O1 provision of service 10 smsall power producers or cogeneretors, standard
alectric rate schedules ere based on exciusive use 0t Company’'s service,

Excepl 10 Cases wherg the Customer kas & coatract with the Company lor breakdown or siandby service, na other eleciric light or power service will be
used by he Customer on the soame installation in conjunclion with the Company’s service, rither by means of 3 throw-over switch ot any othgr connoctign.

The Company will not be rcquired to supply of conlinue to supply sorvice 10 any Customgr where s portion of Customer's service rgquirgment is obtdined
fram gther saurces, except when such service 15 covered br a8 contract unger Standby Service Schedule (S),

The Customer will not sell the electricity purchesed from the Company 10 any Olher Customer, comMpEny, or person, and Customer will not Geliver electnieity
purchased {rom tne Comaanv to any connection wheren sa10 eleclncmo 18 10 be used off of the Customer’s premises on which the meter is located.

8. CUSTOMER'S INSTALLATION
Custemer is responsible for ingtalling and maintaining sych protective

. pvices a5 are rocommended or required by tho then current edition of the Nations!
Elccirical Codn or 3s mat be necessary 1o protect Customer’s equipment or process during abnormal service conoitions or the failure of all or 3 part of the
clectnc service provided by the Company, All wirning ang piner eiectrical equipment furnished by the Customer will be installed, operzted. and maintsined by
thg Customor 3t 3! times in confprmity with Sooo glectrical pracuce and with the requitements of the constituted authorities and these Terms ana Conditions.
Where no pudlic suthorities have junsdiction, Company, for Customer's prolection, may require Cusiomer 10 furnish Company s certificate from wiring electrician
ustomer’s insialiation conforms 10 the National Elecirical Code snd/or the Nalionsl Electries| Satety Code. The Company does not szzume responzidility
gesign, vperslion, or condilion of the Customer’s instalistion.
rvice will be gelvered 10 Customee for each premise at one point of detvary 10 be designated by Company and 1o conform 16 Company’s service standards.
uat protecuon o Cusiomer anC Company. oniy Sulhor2ed empioyees of Compsny are permitied 16 make end encrgize the connection betweon Company's
wire pnd Cusiomer’s service entrance conduclors. The Cusiomer will indemntly amd zive the Company harmiess from all less on account of injury of
e 10 persons of properly on the Customer’'s Sremises. and at and frem 1he point of delivery of power il zuch point is Jocated off thy Customer's promisos,

TOWINg Out of sny sccident or rushap.
arowng Y 9. OWNER'S CONSENT TO OCCUPY

The Company shsll have the right to inxtall and maintain equipment in, over and under the Custornce's property and shall have sccess 10 the Customer’s
premises for smy other purpcse necessary for zupplying elecing scrvice te the Customer. In caze tho Customer is not the cwner of the premises or of the
hterveming properly belween [he premizes and the Companv's lines, the Custemer will obiain from the property owner or owners the easemeants of right-of-way
necessary 10 intdil and mmntsin in, over or under 50id premises gll such wirns and electrics) pQuipment 36 3re noCessary of convenient for supplying electric

service 16 the Customer.
10. MOTOR INSTALLATIONS
For mutuat protection of setvice 10 all Customers, all motor instalistians will be 28 ICilows:
{8) All motors rated in horsepower up ta and including 7' HP 3nd individual obir conditioning ynits with ratings of 65.000 BTUH (ARl reting) o¢ less will
be slngle Dhase, uniess oiherwize 2grecd 1o by the Company or served in conjunclion with other larget throe phase lo;dgs.
{B} All three phase motors will be equipped with approved starting equipment having low voltage relesse atlochment and properly sized overcurrent protection

in edch of the three phasos. :
11, POWER FACTOR
. Wherg Customer hay pawer or heating cquipment installed that operates 8t low power facier, Customer will furnizh, al his own cxpense, suitable corrective
equipment to Mainilain a power {actor of 9026 t9nging, or higher. . . . X
suxill ustome‘;‘ will install ond Mamtainhin col?juncv-on hwnh any f'luofcs:?n: l-ghlginhg, nuon lighting, or oﬂ';cr ti h!ingogull;ipm,ent hgving similar foad eharacieristics,
uxiiary or other corrcclive apparatus that will correct the wer 1actor of such hghting equipment to not Inss than s 1DRQINg.
P po 12 PROTECTION OE SERVICE saing
Where the Customer's use of any drvices that have a detriemenial el1ect upoh Ine service cencered to other Cusiomers of upen Company equipment and
causes voltage flyctuanon ol the 60 Lr:rxz wave, clipping of the current, or voltage wave - thefeby producing harmonics or 8 eyclic pulsation belween one
and sixly Hctz {1 3ng 60 Hertzl, Custamer will furnish at M= own expense necessdry equipment 10 mit such voitage fluctuslion, mrmgni“' or pulsations zo
thst they will npt interfere with cther Customers of Company r.quupm;:m.c\gngrrlfqSgdgxeréev\s'nce cannot be corrected. the use of such devices must be diseontinued.
Company will make rcasonaole provisions 10 :nsure sahsfaclorr NG conlinuous service, bul foes nbt guaranice a3 continuous supply of cloctric energy
ot thal the volisge, wave form of {requency of the supply wil not Tlustustn. The Company shall not be liable lor damages occasioned by interruption, failyre
10 commence delivery, o voilage. wave form or {requency fiuctuation caused by intgrruption or falure of scryice or deisy in commencing service dues 10 accigent
10 O Dreakvuwn of plant. lines, or e¢Quipment. siree, riol, act of Goo. order o any court or judge graplcd in any bonalide adverse legal prccoodiﬂga or allion
or ony order of any commission or nbunal Raveng jutisg.clion: of, without limitation by the proceding gnumctation, any other act or things dus 10 causes
beyond iz contenl, 10 the neqhiyence of the Company, its employees. or coniraciors. except 10 the exten: that the damages arc occasloned by the gross negligence
or wiillyl emisconduct of the Company. i i
A Lke mannee, should the Cuslomur's premises be rencered wholly unfit for ihe continued operation ol tho Customer's plant or business, due ta any
ol the cauzes rontioned above, the Customer’s contract, il Aav, will ihereupon be sutpended until such time a8 the plant or premises will have been reconsiructed,
reconditioned, and recccupred by the Customer for the purpese of his Dusiness.
13 _INTENTIONAL INTERRUPTION OF SERVICE
The Cempany may withoul notice and without hability T0 GuSTOMEr .Aterrupt SErvICe 16 CusiOMEr when in the Company's zola judgment sugh in:
lal Will prevent or olgviste an emergency threatening 10 Oisfupt the operation of the Company’'s system: or
{b) Will lesscn of remove pesaible danger to e of propesty; of
fel Will pidt 1n the restoranon of electric service; or
Id] I3 required to Make necessary repairs 1a or changes 1n the Company's Iacifities.
Cusiomer may request, i wioling, that Companv provideé nolice of intentional inteeruption of service by cnntact 31 an address and iricphone number provided
N SULh writen request by Customer and Company will vxercize rrasonanic oidigonce 10 Qive such nohico bul does not wartsnl thal notice will be Qivon in
CYCty Case Ot inientional interruption,
15 METERING

The clectricity used will be measured Dy & meter Of meters (0 be fGrnshed end inatalled hy the Company at its exdense ang bills will be cyiculated upon
the regisiration af cuch meters. Meterz inciude ol measulng instruments. Meler inslaliations will be macde in actordance wilth ihe =etvice stantaros set lonh
p Company’s Meler anfi Seevice Installalions Hangboch. Customer will provide a sutficient ang proper &pace in & clean ond zale place, accessible st all
nd free lram wibration. fe1 the instaltation of Company's melsrs. Company will furnish ali metes bases andiof metering enclosures to be insfalied by
'r on wrplv si¢e of service equipment 16 De meterva
0TS will De tes1ed 34 reazonably necossdary in occoroance with the Comganv‘s Meter Testing Policy, Sheet No, 104,
16. PROTECTION OF COMPANY'S PROPERTY AND Acgess TO PREMISES

The Custgmer will protect the Company’'s propeity nn 1he Customar s premises (1om 1oss ur aamage 4nd will permit no unt who s Aot an 2qent of ihe
Compyny o remove ¢f tamper with tha Company's property

"he Company will kave *ha right of accoss to the Customer's premizes ol all rexsonable times for the purpose of installing, redding, inzpecting, or repairing
cAny meters or deviecs owned by Company of for the purpasze of rcmn\vnn?ixs pvoTpg-n R §

17 _AGENTS PANKOT MODIEY AGREEMENT

No daent haz power 1o amend. modity, ar wawve any of ingse LcrmK Ynd CONGIIONS, OF 1o bind the Company by making any promises or representstions
not contained kermin,
. i8. SUPERSEDE PREVIOUS TERMS AND CONDITIONS

Thaca Thrma cad Pacdecne o mecnnde ol Tarma O

W
B4
0y
™,

etruplion:
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Natural Gas Energy Cost Analysis

Gas Service Contract: The RRAD is currently supplied natural gas for process and heating by
ENRON Gas Services Group, based in Dublin, OH. The current contract calls for the billing rate
to be figured monthly, based on the published prices in the F.E.R.C.'s Gas Market Report, Prices
of Spot Gas Delivered to Pipelines. This contract has been in place since the first of September,
1994, and is described by ENRON on page A-12. ENRON has included the billing history for
the RRAD as well, for the current contract period to date.

Avoided Cost: In order to convert gas energy savings or penalties into cost savings or penalties,
the Avoided Cost of Gas (C;) is determined. Since the gas costs vary monthly as described
above, the avoided cost of gas energy will be determined by averaging the billing history provided
by ENRON on page A-12 as follows:

_ Tot. Billing $
G Tot. Use MMBTU

_ (3,867 + 12,313 + 14,707) _ _$1.89
¢ (2,045 + 6,875 + 7350) MMBTU
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ENRON ccolnces ™

WORLDWIDE ENERGY SOLUTIONS

Facsimile Cover Sheet

To: Chris Pieper
Company:
Phone:
Fax: 817-335-1025

From: Rose Keller
Company: Enron Access
- Phone: 614-792-6063

Fax: 614-792-6049

Date: 11/23/94 02:46 PM
Pages including this
cover page: 1

Comments: Chris, per our conversation, below is the pricing for
the Red River Army Depot from 9/94 - 11/94.

9/94 2045 MMBtu X 1.891 = $3,867.10
10/94 6875 MMBtu X 1.791 = $12,313.13
11/94 7350 MMBtu X 2.001 = $14,707.35

The contract runs through 3/95, and is based on the following
pricing: Inside F.E.R.C.’s Gas Market Report. Prices of Spot Gas
Delivered to Pipelines. This is a natural gas industry publication
pricing report that is published at the first of each month.

Should you have any further questions, please feel free to call me
at the number listed above.

400 METRO PLACE NORTH « DUBLIN = OHIO  43017-3375




REFERENCES

1. Average fuel factor = (0.01716 + 0.01905 + 0.02021 + 0.01716) / 4 = 0.01839
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APPENDIX B
DETAILED CALCULATIONS

Annual Heating and Cooling Percentage Calculations

The percentage of the year that the building's heating systems are in operation (H,) and the
percentage of the year that the building's cooling systems are in operation (H.) were determined
to be used in the heating energy penalty and the cooling energy savings calculations. For the
purposes of this study, all building heating systems are assumed to operate whenever the outside
air temperature 1s below 60 F and all building cooling systems are assumed to operate whenever
the outside air temperature is above 70 F. These annual hours were obtained from Engineering
Weather Data, TM 5-785. The weather data in this technical manual with the closest proximity
to RRAD was obtained from Perrin AFB in Sherman, Texas. This data showed an annual total
of 3,455 hours below 60 F and 3,701 hours above 70 F. Using these figures, the values of Hy,
and H. were determined as follows:

_ 3455 hrs

_ 3,701 hrs
" 8760 hrs

= 0.39 He = 20

= 0.42

Heating and Cooling System Efficiencies

In order to calculate the heating energy penalties and cooling energy savings, the heating and
cooling system efficiencies were estimated. The buildings surveyed had various types of cooling
and heating systems as is shown on the Building Data Sheets in Appendix C. The cooling
systems ranged from DX split systems, to small chilled water hydronic systems, to no cooling
system at all. The heating systems ranged from gas fired unit heaters, to gas fired furnaces, to
small hot water hydronic systems. The ages of these HVAC systems also varied greatly from
building to building.

In order to simplify the calculations, all cooling systems will be assumed to have an Energy
Efficiency Ratio (EER) of 7 BTU/W-hr, and all gas fired heating systems will be assumed to have
an efficiency (EFFy) of 70%. These values will be used in the savings calculations as follows:

_ 7 BIU

EE EFF, = 070

Annual Hours of Lighting Operation

The production and administrative areas of the RRAD facility are operated basically 4 days per
week, and 10 hours per day. The facility is operational year round, 52 weeks per year. For the
purposes of this study, the annual Lighting Operational Period (H) is calculated as follows:

Assumptions:
10 hrs per day
4 days per week
52 weeks per year

H = 10hrsx 4dany 52 wks _ 2,080 hrs
day week yr yr




Total Lighting Energy Consumption

The total annual lighting energy consumption for the RRAD areas studied was computed to be
used as a yardstick against calculated ECO energy savings. The data for this calculation were
taken from the data sheets included in Appendix C. The following sample calculation illustrates
the procedure used.

Sample Calculation:  Building 323 (from data sheets, see Appendix C)
Room 3, Soldering
18 fixtures
4 lamps per fixture
40 watts per lamp
1.2 ballast factor

18 fixtures x 4 lamps X 40 W x 1.2 ballast factor x 2,080 hrs x 1XW . 7,188
fixture lamp yr 1,000 W yr

The room by room summation of lighting energy consumption, based on the data sheets, is shown
on the following pages. The total lighting energy consumption for the buildings studied, based
on these room by room calculations, was determined as follows:

Total Lighting Energy Consumption (KWH/yr):

196,820 Bldg. 323
227,457 Bldg. 468
168,308 Bldg. 15
94,857 Bldg. 441
42,208 Bldg. 133
56,191 Bldg. 245
55,976 Bldg. 315
132,191 Bldg. 321
746,786 Bldg. 345
211,286 Bldg. 421
1,932,080 KWH/yr

In unit of energy (BTUs), this is as follows:

1,932,080 KWH 3413 BIU =1 MMBIU  _ (o, MMBIU
yr KWH 1,000,000 BTU yr

Divided between the 12 months of the year, this is as follows:

1,932,080 KWH x 1yr _ 161,0061 KWH
yr 12 mos mo




Building 323

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE! PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWH/YR
1 |SHOP 190 4 40 INDUSTRIAL FLUOR 2080 75,878
2 |OFFICE 4 4 40 LAY-IN FLUOR 2080 1,597
3 |SOLDERING 18 4 40 LAY-IN FLUOR 2080 7,188
4 |BREAK ROOM 15 2 40 LAY-IN FLUOR 2080 2,995
5 |MENS RESTROOM 9 2 40 LAY-IN FLUOR 2080 1,797
5 |MENS RESTROOM 1 2 40 VANITY FLUOR 2080 200
6 |WOMEN'S RESTROOM 2 2 40 LAY-IN FLUOR 2080 399
6 |WOMEN'S RESTROOM - 1 2 40 VANITY FLUOR 2080 200
7 {HALL 4 2 40 LAY-IN FLUOR 2080 799
8 |OFFICE 1 2 40 LAY-IN FLUOR 2080 200
9 |OFFICE 1 2 40 LAY-IN FLUOR 2080 200
10 {PAINT BOOTH 24 4 40 LAY-IN FLUOR 2080 9,585
11 {PAINT BOOTH 24 4 40 LAY-IN FLUOR 2080 9,585
12 |DRYING ROOM 20 1 150 . EXP. PROOF, INC. 2080 6,240
13 |DRYING ROOM 20 1 150 EXP. PROOF, INC. 0 0
14 {PAINT BOOTH 34 4 40 INDUSTRIAL, FLUOR 2080 13,578
15 |PAINT BOOTH 34 4 40 INDUSTRIAL, FLUOR 2080 13,578
16 |PAINT SHOP 40 1 300 SOCKET, INC. 2080 24,960
16 {PAINT SHOP 40 1 175 SOCKET, MERC 2080 17,472
17 |PAINT STORAGE 10 1 300 EXP. PROOF, INC. 2080 6,240
18 |HALL 3 1 100 SOCKET, INC. 2080 624
19 |[JANITOR'S CLOSET 1 1 100 SOCKET, INC. 260 26
20 |MEN'S RESTROOM 2 1 150 SOCKET, INC. 2080 624
21 |OFFICE 1 1 175 SOCKET, MERC 2080 4387
22 |WOMEN'S RESTROOM 2 1 150 SOCKET, INC. 2080 624
23 |OFFICE 4 1 175 SOCKET, MERC 2080 1,747
24 |STORAGE 1 1 150 SOCKET, INC. 260 47
SUBTOTAL,BUILDING 323 196,820
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Building 468

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWH/YR
3A |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
3B |OFFICE 6 4 40 LAY-IN, FLUOR 2080 2,396
4 |COMPUTER LAB 8 4 40 LAY-IN, FLUOR 2080 3,195
5 |COMPUTER LAB 6 4 40 LAY-IN, FLUOR 2080 2,396
5A |COMPUTER LAB 5 2 40 POLY-WRAP, FLUOR 2080 998
6 |COMPUTER LAB 2 4 40 LA-IN, FLUOR 2080 799
6A |COMPUTER LAB 12 3 40 POLY-WRAP, FLUOR 2080 3,594
7 .COMPUTER LAB 8 4 40 LAY-IN, FLUOR 2080 . 3,195
8 |STAIR 1 1 300 SOCKET, INC. 2080 624
10 |MEN'S RESTROOM 2 2 40 LAY-IN, FLUOR 2080 399
11 |WOMEN'S RESTROOM 2 2 40 LAY-IN, FLUOR 2080 399
12 |{WOMEN'S RESTROOM 5 4 40 LAY-IN, FLUOR 2080 1,997
13 |LOBBY 10 4 40 LAY-IN, FLUOR 2080 3,994
14 |CORRIDOR 4 2 40 LAY-IN, FLUOR 2080 799
15 |STAIR 1 2 40 LAY-IN, FLUOR 2080 200
17 {MEN'S RESTROOM 5 4 40 LAY-IN, FLUOR 2080 1,997
18 |CORRIDOR 8 2 40 LAY-IN, FLUOR 2080 1,597
68 [|BREAK ROOM 12 4 40 LAY-IN, FLUOR 2080 4,792
69A |CLASSROOM 4 4 40 LAY-IN, FLUOR 2080 1,597
69B |CLASSROOM 4 4 40 LAY-IN, FLUOR 2080 1,597
70A |OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
75 |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
76 |OFFICE 3 4 40 LAY-IN, FLUOR 2080 1,198
77 |WOMEN'S RESTROOM 2 4 40 LAY-IN, FLUOR 2080 799
79 |MEN'S RESTROOM 2 4 40 LAY-IN, FLUOR 2080 799
80 |CORRIDOR 4 2 40 LAY-IN, FLUOR 2080 799
81 |OFFICE 2 4 40 LAY-IN, FLUOR 2080 799




Building 468 (Continued)

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWH/YR
82A |OFFICE 3 4 40 LAY-IN, FLUOR 2080 1,198
82B |OFFICE 3 4 40 LAY-IN, FLUOR 2080 1,198
83 |OFFICE 3 4 40 LAY-IN, FLUOR 2080 1,198
85 |CORRIDOR 2 2 40 LAY-IN, FLUOR 2080 399
86 |STAIR 1 2 40 LAY-IN, FLUOR 2080 200
70B |OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
71 |OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
72A ' AUDITORIUM 24 4 40 LAY-IN, FLUOR 260 1,198
72B |COMPUTER LAB 12 4 40 LAY-IN, FLUOR 2080 3,994
72C |CAD LAB 6 4 40 LAY-IN, FLUOR 2080 2,396
72D |CAD LAB 6 4 40 LAY-IN, FLUOR 2080 2,396
72E |CORRIDOR 8 2 40 LAY-IN, FLUOR 2080 1,597
78 |CORRIDOR 4 2 40 LAY-IN, FLUOR 2080 799
74A |CLASSROOM 20 2 40 LAY-IN, FLUOR 2080 3,994
74B |CLASSROOM 24 2 40 LAY-IN, FLUOR 2080 4,792
88 |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
90A OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
90B |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
90C |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
90D |CLASSROOM 6 4 40 LAY-IN, FLUOR 2080 2,396
91 |CLASSROOM 6 4 40 LAY-IN, FLUOR 2080 2,396
92 |HALL 2 4 40 LAY-IN, FLUOR 2080 799
93 |MAIL ROOM 3 4 40 LAY-IN, FLUOR 2080 1,198
94 |STORAGE 4 4 40 LAY-IN, FLUOR 260 200
95A |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
95B {OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
95C [OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
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Building 468 (Continued)

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWH/YR
95D |HALL 3 4 40 LAY-IN, FLUOR 2080 1,198
96A {OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
968B |HALL / STORAGE 2 4 40 LAY-IN, FLUOR 2080 799
97 |STAIR 2 4 40 LAY-IN, FLUOR 2080 799
98 |CLASSROOM 12 4 40 LAY-IN, FLUOR 2080 4,792
99 |OFFICE / LIBRARY 12 4 40 LAY-IN, FLUOR 2080 4,792
101 |LIBRARY 18 4 40 LAY-IN, FLUOR 2080 7,188
103 .VAULT 2 2 40 . LAY-IN, FLUOR 2080 399
104 |LIBRARY 4 4 40 LAY-IN, FLUOR 2080 1,331
106 |STORAGE 4 4 40 LAY-IN, FLUOR 260 200
107 |LIBRARY 19 4 40 LAY-IN, FLUOR 2080 7,588
110 [WOMEN'S RESTROOM 5 4 40 LAY-IN, FLUOR 2080 1,997
113A |CORRIDOR 4 4 40 LAY-IN, FLUOR 2080 1,597
113B |CORRIDOR 2 2 40 LAY-IN, FLUOR 2080 399
114 [OFFICE 3 2 40 LAY-IN, FLUOR 2080 599
115 |MEN'S RESTROOM 5 4 40 LAY-IN, FLUOR 2080 1,997
117A |CLASSROOM | 4 4 40 LAY-IN, FLUOR 2080 1,597
117B |CLASSROOM 4 4 40 LAY-IN, FLUOR 2080 1,597
118 |CLASSROOM 8 4 40 LAY-IN, FLUOR 2080 3,195
119 |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
120 |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
121A |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
121B {OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
122 |CORRIDOR 6 2 40 LAY-IN, FLUOR 2080 1,198
123 |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
124 |STAIR 1 4 40 LAY-IN, FLUOR 2080 399
126 |CLASSROOM 12 4 40 LAY-IN, FLUOR 2080 4,792
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Building 468 (Continued)

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |[FIXTURE HOURS | ENERGY
KWH/YR
126 |CLASSROOM 6 2 40 LAY-IN, FLUOR 2080 1,198
127 |CLASSROOM 12 4 40 LAY-IN, FLUOR 2080 4,792
127 CLASSROOM 6 2 40 LAY-IN, FLUOR 2080 1,198
128 |COMPUTER LAB 12 4 40 LAY-IN, FLUOR 2080 4,792
128 |CLASSROOM 8 4 40 LAY-IN, FLUOR 2080 3,195
129 |CLASSROOM 3 2 40 LAY-IN, FLUOR 2080 599
130 |[CORRIDOR 1 2 40 LAY-IN, FLUOR 2080 200
132 '-MEN'S RESTROOM 3 2 40 LAY-IN, FLUOR 2080 599
133 |JANITOR'S CLOSET 1 2 40 LAY-IN, FLUOR 260 21
134 |CLASSROOM 10 4 40 LAY-IN, FLUOR 2080 3,994
135 |CORRIDOR 5 2 40 LAY-IN, FLUOR 2080 998
136A |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
136B |OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
136C [OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
136D [HALL 3 4 40 LAY-IN, FLUOR 2080 1,198
137 |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
138A OFFICEv 4 4 40 LAY-IN, FLUOR 2080 1,597
138B |OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
138C |OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
138D {HALL 3 4 40 LAY-IN, FLUOR 2080 1,198
139 |CLASSROOM 13 3 40 PENDENT, FLUOR 2080 3,894
19 |CONFERENCE 8 3 40 SURFACE, FLUOR 2080 2,396
20 |RESTROOM 1 2 40 SURFACE, FLUOR 2080 200
21 |HAZARDOUS WASTE 1 2 40 SURFACE, FLUOR 2080 200
22 |EYE EXAM 4 3 40 SURFACE, FLUOR 2080 1,198
23 |EYE EXAM 6 b 40 SURFACE, FLUOR 2080 1,797
23 |EYE EXAM 2 2 60 GLOBE, INC. 2080 499




= ' Building 468 (Continued)

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.

NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL

QTY. |FIXTURE HOURS | ENERGY

KWH/YR

24 |HEARING 6 3 40 SURFACE, FLUOR 2080 1,797
25 |HEARING CLOSET 1 2 60 GLOBE, INC. 260 31
26 |ENTRY, SERVICE SINK 2 2 100 GLOBE, INC. 2080 832
27 |EXAM 4 3 40 SURFACE, FLUOR 2080 1,198
28 |X-RAY STORAGE 2 4 40 SURFACE, FLUOR 2080 799
29 |X-RAY 7 4 40 SURFACE, FLUOR 2080 2,796
31 |[MEDICINE STORAGE 1 4 40 POLY-WRAP, FLUOR 260 50
32 bARK ROOM 1 4 40 POLY-WRAP, FLUOR 2080 399
33 [NURSE'S OFFICE 4 4 40 POLY-WRAP, FLUOR 2080 1,331
34 |ENTRY 1 1 250 SOCKET, INC. 2080 520
37 |LOBBY 4 3 75 SURFACE, FLUOR 2080 2,246
37 |LOBBY 4 2 75 LAY-IN, FLUOR 2080 1,498
38 |OFFICE 4 2 40 LAY-IN, FLUOR 2080 799
39 |OFFICE 12 2 40 LAY-IN, FLUOR 2080 2,396
40 |EXAM 4 4 40 LAY-IN, FLUOR 2080 1,597
41 |OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
| 42 JEXAM 2 4 40 LAY-IN, FLIjOR 2080 799
43 |EXAM 8 4 40 LAY-IN, FLUOR 2080 3,195
44 |ENTRY 1 4 40 LAY-IN, FLUOR 2080 399
46 |LAB 6 4 40 LAY-IN, FLUOR 2080 2,396
48 |EXAM 2 4 40 LAY-IN, FLUOR 2080 799
49 |EXAM 2 4 40 LAY-IN, FLUOR 2080 799
50 |[EXAM 2 4 40 LAY-IN, FLUOR 2080 799
51 |EXAM 2 4 40 LAY-IN, FLUOR 2080 799
52 |EXAM 2 4 40 LAY-IN, FLUOR 2080 799
53 |EXAM 2 4 40 LAY-IN, FLUOR 2080 799
. 54 |STORAGE 1 4 40 LAY-IN, FLUOR 260 50

B-8




Building 468 (Continued)

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |[FIXTURE HOURS | ENERGY
KWHNYR
55 ISTORAGE 2 4 40 LAY-IN, FLUOR 260 100
56 |OFFICE 1 4 40 LAY-IN, FLUOR 2080 399
57 |NURSE'S STATION 6 4 40 LAY-IN, FLUOR 2080 2,396
59 |RECORDS 2 4 40 SURFACE, FLUOR 2080 799
59 |RECORDS 1 1 75 SURFACE, FLUOR 2080 187
60 |RESTROOM 1 2 40 SURFACE, FLUOR 2080 200
61 |RESTROOM 2 2 60 SOCKET, INC. 2080 499
62 --RESTROOM 1 2 40 SURFACE, FLUOR 2080 200
63 |RESTROOM 2 2 60 SOCKET, INC. 2080 499
64 |HOLDING 2 1 250 SOCKET, INC. 2080 1,040
65 |WAITING 2 2 75 STRIP, FLUOR. 2080 749
66 |HALL 1 2 40 LAY-IN, FLUOR. 2080 200
67 [CORRIDOR 6 2 40 PENDENT, FLUOR. 2080 1,198
67 |CORRIDOR 1 4 40 PENDENT, FLUOR. 2080 399
SUBTOTAL,BUILDING 468 227,457




i \‘/"

Building 15

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |[FIXTURE HOURS | ENERGY
KWH/YR
1 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
2 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
3 |OFFICE 6 4 40 LAY-IN, FLUOR. 2080 2,396
4 |OFFICE 13 4 40 LAY-IN, FLUOR. 2080 5,192
5 {OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
6 |CONFERENCE 16 4 40 LAY-IN, FLUOR. 2080 6,390
7 |RESTROOM 1 3 40 LAY-IN, FLUOR. 2080 300
8 éOFFEE ROOM 1 4 40 LAY-IN, FLUOR. 2080 399
9 |CONFERENCE 27 2 40 LAY-IN, FLUOR. 2080 5,391
11 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
12 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
14 |MAIL ROOM / STORAGE 22 4 40 LAY-IN, FLUOR. 2080 8,786
15 |LOBBY 4 4 40 LAY-IN, FLUOR. 2080 1,597
16 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
18 |JANITOR 1 1 200 SOCKET, INC. ' 260 52
19 [MEN'S RESTROOM 4 2 40 LAY-IN, FLUOR. 2080 799
20 |OFFICE / COPY 4 4 40 LAY-IN, FLUOR. 2080 1,597
21 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
22 |COPY 1 4 40 LAY-IN, FLUOR. 2080 399
23 |STORAGE 1 1 50 SOCKET, INC. 260 18
24 |OFFICE 3 4 40 LAY-IN, FLUOR. 2080 1,198
24A |OFFICE 4 4 40 LAY-IN, FLUOR. 260 200
25 |OFFICE 2 4 40 LAY-IN, FLUOR. 2080 799
26 |OFFICE AREA 11 4 40 LAY-IN, FLUOR. 2080 4,393
27 |OFFICE 5 4 40 LAY-IN, FLUOR. 2080 1,997
28 |OFFICE 5 4 40 LAY-IN, FLUOR. 2080 1,997
29 |OFFICE AREA 42 4 40 LAY-IN, FLUOR. 2080 16,773




Building 15 (Continued)

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |[FIXTURE HOURS | ENERGY
KWH/YR
30 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
30A JOFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
31 |OFFICE AREA 6 4 40 LAY-IN, FLUOR. 2080 2,396
32 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
33 [CORRIDOR / STAIR 7 4 40 LAY-IN, FLUOR. 2080 2,796
34 |CORRIDOR 7 4 40 LAY-IN, FLUOR. 2080 2,796
35 |[COFFEE ROOM 1 1 75 LAY-IN, FLUOR. 2080 187
36 6FFICE . 22 4 40 LAY-IN, FLUOR. 2080 8,786
37 |WORK ROOM 2 4 40 LAY-IN, FLUOR. 2080 799
38 |OFFICE 6 4 40 LAY-IN, FLUOR. 2080 2,398
40 |[ENTRY 1 4 40 LAY-IN, FLUOR. 2080 399
40A |[OFFICE 2 4 40 LAY-IN, FLUOR. 2080 799
41 |OFFICE 24 4 40 LAY-IN, FLUOR. 2080 9,585
42 |STORAGE 2 1 200 SOCKET, INC. 260 104
43 |STORAGE 1 4 40 LAY-IN, FLUOR. 2080 399
44 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
45 |OFFICE 9 2 40 LAY-IN, FLUOR. 2080 1,797
46 |BREAK ROOM 5 2 40 LAY-IN, FLUOR. 2080 998
47 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
48 |OFFICE 3 4 40 LAY-IN, FLUOR. 2080 1,198
49 |RECORD STORAGE 1 2 75 STRIP, FLUOR. 2080 374
50 |RECORD STORAGE 2 1 100 SOCKET, INC. 2080 416
51 |WOMEN'S RESTROOM 10 2 40 LAY-IN, FLUOR. 2080 1,997
52 JOFFICE AREA 58 4 40 LAY-IN, FLUOR. 2080 23,163
53 |OFFICE 3 4 40 LAY-IN, FLUOR. 2080 1,108
54 |VAULT 3 2 40 INDUSTRIAL, FLUOR. 2080 599
55 |BREAK ROOM 3 4 40 LAY-IN, FLUOR. 2080 1,198
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Building 15 (Continued)

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWH/YR
56 |OFFICE 18 4 40 LAY-IN, FLUOR. 2080 7,188
56A |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
57 |[STORAGE 2 4 40 LAY-IN, FLUOR. 2080 799
57A |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
58 |STORAGE 2 4 40 LAY-IN, FLUOR. 260 100
59 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
60 |WORK ROOM 4 4 40 LAY-IN, FLUOR. 2080 1,597
61 ”WOMEN'S RESTROOM 5 2 40 LAY-IN, FLUOR. 2080 . 998
62 |MEN'S RESTROOM 5 2 40 LAY-IN, FLUOR. 2080 998
63 |JANITOR'S CLOSET 1 1 150 SOCKET, INC. 260 39
64 |CONFERENCE 4 4 40 LAY-IN, FLUOR. 2080 1,597
65 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
66 |OFFICE 3 4 40 LAY-IN, FLUOR. 2080 1,198
67 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
67A |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
SUBTOTAL,BUILDING 15 168.308




Building 441

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. [FIXTURE HOURS | ENERGY
KWH/YR
1 |LOBBY 2 4 40 LAY-IN, FLUOR 2080 799
1 {LOBBY 1 1 100 SOCKET, INC. 2080 208
2 |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
3 |OPEN OFFICE 20 4 40 LAY-IN, FLUOR 2080 7,987
4 IMEN'S RESTROOM 1 4 40 LAY-IN, FLUOR 2080 399
5 |JANITOR'S CLOSET 1 1 100 SOCKET, INC. 260 26
6 |WOMEN'S RESTROOM 1 4 40 LAY-IN, FLUOR 2080 399
7 E)FFICE 1 4 40 LAY-IN, FLUOR 2080 399
8 |OPEN OFFICE 36 4 40 LAY-IN. FLUOR 2080 14,377
9 |OPEN OFFICE 36 4 40 LAY-IN, FLUOR 2080 14,377
10 |RESTROOM 1 4 40 LAY-IN, FLUOR 2080 399
10 [RESTROOM 1 2 40 VANITY, FLUOR 2080 200
11 |OFFICE 12 4 40 LAY-IN, FLUOR 2080 4,792
12 |SHOP / STORAGE 10 1 400 LOW-BAY, HPS 2080 9,984
12 |SHOP / STORAGE 2 2 75 STRIP, FLUOR 2080 749
13 |MEN'S RESTROOM 3 4 40 LAY-IN, FLUOR 2080 1,198
13 |[MEN'S RESTROOM 1 2 40 VANITY, FLUOR 2080 200
14 |MEN'S RESTROOM 3 4 40 LAY-IN, FLUOR 2080 1,198
14 |MEN'S RESTROOM 1 2 40 VANITY, FLUOR 2080 200
15 |STORAGE 1 2 40 LAY-IN, FLUOR 2080 200
16 |PLATING 17 1 175 LOW-BAY, MERC 2080 7,426
16 |PLATING 1 2 40 INDUSTRIAL, FLUOR 2080 200
17 |SAND BLASTING 15 1 175 LOW-BAY, MERC 2080 6,552
18 |STORAGE VAULT 6 1 1756 LOW-BAY, MERC 2080 2,621
19 |STORAGE VAULT 6 1 175 LOW-BAY, MERC 2080 2,621
20 |SHOP 8 3 40 INDUSTRIAL, FLUOR 2080 2,396
21 |MACHINE SHOP 15 1 300 SOCKET, INC. 2080 9,360
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Building 441 (Continued)

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWH/YR

22 |BREAK ROOM 4 4 40 LAY-IN, FLUOR 2080 1,597

23 |OFFICE 2 4 40 LAY-IN, FLUOR 2080 799

24 |OFFICE 8 2 40 LAY-IN, FLUOR 2080 1,597

SUBTOTAL,BUILDING 441 94,857




Building 133

ROOM ROOM EXIST. | LAMPS | LAMP FIXTURE EXIST. | EXIST.
NO. FUNCTION FIXTURE| PER | WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWH/YR
1 |MEN'S RESTROOM 1 2 40 STRIP, FLUOR 2080 200
2 |WOMEN'S RESTROOM 1 1 150 SOCKET, INC. 2080 312
3 |TOOL CRIB 6 2 40 STRIP, FLUOR 2080 1,198
3 |TOOL CRIB 2 2 110 STRIP, FLUOR 2080 1,008
4 |OFFICE 2 2 75 STRIP, FLUOR 2080 749
5 |OFFICE 2 2 40 STRIP, FLUOR 2080 399
5 |OFFICE / BREAK ROOM 2 2 75 STRIP, FLUOR 2080 749
6 |CORRIDOR / LOCKERS 1 2 40 STRIP, FLUOR 2080 200
7 |0OPEN BAY MACHINING 58 1 175 LOW-BAY, MERC. 2080 | 25334
7 |OPEN BAY MACHINING 7 1 150 INDUSTRIAL, INC. 2080 2,184
8 |OFFICE 10 4 40 | PoLY-WRAP, FLUOR | 2080 3,004
9 |TOOL CRIB 6 2 40 STRIP, FLUOR 2080 1,198
10 |WORK ROOM 5 4 40 | POLY-WRAP. FLUOR | 2080 1,997
10 |WORK ROOM 1 2 40 | POLY-WRAP, FLUOR | 2080 200
11 |woRrRk roOM 6 4 40 | POLY-WRAP, FLUOR | 2080 2,396
42,208

SUBTOTAL,BUILDING 133
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Building 245

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWH/YR
1 |CONFERENCE 6 4 40 LAY-IN, FLUOR. 2080 2,396
2 |OFFICE 2 4 40 LAY-IN, FLUOR. 2080 799
3 |SHOP 65 2 40 INDUSTRIAL, FLUOR. 2080 12,979
4 |OFFICE » 4 4 40 LAY-IN, FLUOR. 2080 1,597
5 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
6 |CORRIDOR 2 1 150 SOCKET, INC. 2080 624
7 |ENTRY 2 2 40 INDUSTRIAL, FLUOR. 2080 399
8 :I‘OOL CRIB 4 2 40 INDUSTRIAL, FLUOR. 2080 799
9 |TOOL CRIB 2 2 40 INDUSTRIAL, FLUOR. 2080 399
10 |OFFICE 3 3 40 LAY-IN, FLUOR. 2080 899
11 |OFFICE AREA 3 3 40 LAY-IN, FLUOR. 2080 899
12 |WOMEN'S RESTROOM 2 1 200 SOCKET, INC. 2080 832
12 |WOMEN'S RESTROOM 1 4 40 POLY-WRAP, FLUOR. 2080 399
13 |MEN'S RESTROOM 9 1 200 SOCKET, INC. 2080 3,744
14 |OFFICE 6 4 40 LAY-IN, FLUOR. 2080 2,396
15 |OFFICE 4 3 40 LAY-IN, FLUOR. 2080 1,198
16 |OFFICE 16 3 40 LAY-IN, FLUOR. 2080 4,792
18 OFFICE 2 3 40 LAY-IN, FLUOR. 2080 599
19 |OFFICE 2 3 40 LAY-IN, FLUOR. 2080 599
20 |OFFICE 2 3 40 LAY-IN, FLUOR. 2080 599
21 |OFFICE 8 4 40 LAY-IN, FLUOR. 2080 1,198
22 |SHOP 30 2 40 INDUSTRIAL, FLUOR. 2080 5,990
22 |SHOP 4 3 40 INDUSTRIAL, FLUOR. 2080 1,198
23 |SHOP 15 1 200 SOCKET, INC. 2080 6,240
23 |SHOP 8 2 40 INDUSTRIAL, FLUOR. 2080 1,597
23 |SHOP 1 1 250 LOW-BAY, HPS 2080 624
. 24 |BREAK ROOM 4 2 40 POLY-WRAP, FLUOR. 2080 799
SUBTOTAL,BUILDING 245 56,191
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Building 315

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWH/YR
1 |MANUFACTURING 75 1 1000 HIGH BAY, HPS 2080 187,200
2 |MANUFACTURING 20 1 400 LOW-BAY, HPS 2080 19,968
3 |MANUFACTURING 10 1 400 LOW-BAY, HPS 2080 9,984
4 |MANUFACTURING 2 1 400 LOW-BAY, HPS 2080 1,997
5 |{TOOL MANUFACTURING 8 4 40 POLY-WRAP, FLUOR. 2080 3,195
6 {TOOL ROOM 9 2 75 STRIP, FLUOR. 2080 3,370
7 |BREAK ROOM 10 2 40 POLY-WRAP, FLUOR. 2080 1,997
8 éONFERENCE ROOM 5 2 40 POLY-WRAP, FLUOR. 2080 998
9 |MECHANICAL ROOM 1 1 200 SOCKET, INC. 260 52
10 |OPEN OFFICE 26 4 40 LAY-IN, FLUOR 2080 10,383
11 IBREAK AREA 2 1 300 SOCKET, INC. 2080 1,248
12 |JANITOR'S CLOSET 1 4 40 LAY-IN, FLUOR 2080 399
13 {HALL 3 2 40 LAY-IN, FLUOR 2080 599
14 |WOMEN'S RESTROOM 2 4 40 LAY-IN, FLUOR 2080 799
14 |WOMEN'S RESTROOM 1 2 40 VANITY, FLUOR 2080 200
15 [TOOL STORAGE 4 4 40 LAY-IN, FLUOR 2080 1,597
16 |[MEN'S REST‘RGOM 4 4 40 LAY-IN, FLUOR 2080 1,597
16 |MEN'S RESTROOM 1 2 40 VANITY, FLUOR 2080 200
17 |STAIR WELLS 3 1 200 SOCKET, INC. 2080 1,248
18 |OFFICE 3 4 40 LAY-IN, FLUOR 2080 1,198
19 |WOMEN'S RESTROOM 1 4 40 LAY-IN, FLUOR 2080 399
20 |MEN'S RESTROOM 1 4 40 LAY-IN, FLUOR 2080 399
21 |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
22 |OPEN OFFICE 26 4 40 LAY-IN, FLUOR 2080 10,383
23 |HALL 2 1 200 SOCKET, INC. 2080 832
24 |HALL 2 1 1756 SOCKET, MERC. 2080 874
25 |OFFICE 2 4 40 LAY-IN, FLUOR 2080 799




Building 315 (Continued)

LAMP

ROOM ROOM EXIST. | LAMPS FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. | FIXTURE HOURS | ENERGY
KWH/YR
26 |OPEN OFFICE 23 4 40 LAY-IN, FLUOR 2080 9,185
27 |COFFEE BAR 1 4 40 LAY-IN, FLUOR 2080 399
28 |CAD WORK AREA 16 4 40 LAY-IN, FLUOR 2080 6,390
29 |COMPUTER ROOM 4 4 40 LAY-IN, FLUOR 2080 1,597
30 |{STAIR 1 1 160 SOCKET, MERC. 2080 399
31 (ELEVATOR SHAFT 1 1 100 SOCKET, INC. 2080 208
55,976

SUBTOTAL,BUILDING 315




Building 321

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWH/YR
1 |RETRIVER 4 2 75 STRIP, FLUOR. 2080 1,498
2 |CONTROL ROOM 8 4 40 POLY-WRAP, FLUOR. 2080 3,195
3 |OFFICE 6 4 40 LAY-IN, FLUOR. 2080 2,396
4 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
5 |OFFICE 6 4 40 LAY-IN, FLUOR. 2080 2,396
6 ISTORAGE / SHELVING 109 1 400 LOW BAY, MH 2080 108,826
6 [STORAGE / SHELVING 255 1 400 LOW BAY, MERC. 2080 254,592
7 IMEN'S RESTROOM "5 4 40 LAY-IN, FLUOR. 2080 1,997
7 |MEN'S RESTROOM 2 2 40 VANITY, FLUOR. 2080 399
8 |OFFICE 8 4 40 LAY-IN, FLUCR 2080 3,195
9 |BREAK ROOM 4 4 40 LAY-IN, FLUOR 2080 1,597
10 |WOMEN'S RESTROOM 4 4 40 LAY-IN, FLUOR 2080 1,597
11 |STAIRS 3 1 200 SOCKET, INC. 2080 1,248
12 |STAIRS 3 1 200 SOCKET, INC. 2080 1,248
13 [WOMEN'S RESTROOM 5 4 40 LAY-IN, FLUOR. 2080 1,997
13 |WOMEN'S RESTROOM 2 2 40 VANITY, FLUOR. 2080 399
14 |LOCKERS 1 1 200 SOCKET, INC. 2080 416
15 [MEN'S RESTROOM 13 4 40 LAY-IN, FLUOR. 2080 5,192
15 [MEN'S RESTROOM 3 2 40 VANITY, FLUOR. 2080 599
16 |OFFICE 6 2 40 INDUSTRIAL, FLUOR 2080 1,198
17 |MEN'S RESTROOM 1 4 40 LAY-IN, FLUOR. 2080 399
17 |[MEN'S RESTROOM 1 2 40 VANITY, FLUOR. 2080 200
18 [WOMEN'S RESTROOM 1 4 40 LAY-IN, FLUOR. 2080 399
18 [WOMEN'S RESTROOM 1 2 40 VANITY, FLUOR. 2080 200
19 |HALL 2 2 40 LAY-IN, FLUOR. 2080 399
20 JHALL 1 2 40 INDUSTRIAL, FLUOR. 2080 200
21 |MECHANICAL ROOM 1 1 200 SOCKET, INC. 260 52
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Building 321 (Continued)

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWH/YR
22 |OPEN OFFICE 14 4 40 LAY-IN, FLUOR. 2080 5,501
23 |DARK ROOM / FILM 8 2 40 INDUSTRIAL, FLUOR 2080 1,697
23 |DARK ROOM / FILM 2 2 40 SAFE LIGHT, FLUOR 2080 399
24 |DARK ROOM / CAMERA 2 2 75 INDUSTRIAL, FLUOR 2080 749
24 |DARK ROOM / CAMERA 1 2 40 SAFE LIGHT, FLUOR 2080 200
25 |PRINTING 16 2 75 INDUSTRIAL, FLUOR 2080 5,990
25 |PRINTING 5 1 200 SOCKET, INC. 2080 2,080
26 “OFFICE 5 4 40 INDUSTRIAL, FLUOR 2080 1,997
26 [OFFICE 13 2 75 INDUSTRIAL, FLUOR 2080 4,867
27 |OFFICE 8 4 40 LAY-IN, FLUOR. 2080 3,195
28 [HALL 5 1 175 MERC. 2080 2,184
29 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
30 |OFFICE 4 4 40 LAY-IN, FLUOR. 2080 1,597
31 |OPEN OFFICE 13 4 40 LAY-IN, FLUOR. 2080 5,192
32 |OFFICE 2 4 40 LAY-IN, FLUOR. 2080 799
33 |BREAK ROOM 10 2 40 LAY-IN, FLUOR. 2080 1,997
34 |OFFICE 2 4 40 LAY-IN, FLUOR. 2080 799
35 |OFFICE 5 4 40 LAY-IN, FLUOR. 2080 1,997
36 ICOPY 4 4 40 LAY-IN, FLUOR. 2080 1,597
37 |OFFICE 2 4 40 LAY-IN, FLUOR. 2080 799
38 |OFFICE 7 4 40 LAY-IN, FLUOR. 2080 2,796
39 |OFFICE 1 2 75 INDUSTRIAL, FLUOR, 2080 374
39 |OFFICE 1 4 40 INDUSTRIAL, FLUOR. 2080 399
40 |STORAGE 2 1 200 SOCKET, INC. 2080 832
41 |STORAGE 5 2 75 STRIP, FLUOR. 2080 1,872
41 |STORAGE 6 1 200 SOCKET, INC. 2080 2,496
42 |SHOP 20 1 175 MERC. 2080 8,736
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Building 321 (Continued)

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE | PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWH/YR
43 |SHOP 60 2 75 INDUSTRIAL, FLUOR. 2080 22,464
44 |SEWING SHOP 11 4 40 INDUSTRIAL, FLUOR. 2080 4,393
45 |SHOP 3 1 400 LOW-BAY, HPS 2080 2,995
45 |SHOP 10 1 175 LOW-BAY, MERC 2080 4,368
46 |SHOP 18 4 40 INDUSTRIAL, FLUOR. 2080 7,188
47 |SHOP 41 1 400 LOW-BAY, MERC 2080 40,934
48 |SHOP 2 1 400 LOW-BAY, HPS 2080 1,997
48 .SHOP 10 1 175 LOW-BAY, MERC 2080 4,368
49 |SHOP 18 2 75 INDUSTRIAL, FLUOR 2080 6,739
50 |SHOP 3 2 75 INDUSTRIAL, FLUOR 2080 1,128
50 [SHOP 3 4 40 INDUSTRIAL, FLUOR 2080 1,198
51 |SHOP 3 1 175 SOCKET, MERC. 2080 1,310
51 |SHOP 2 1 200 SOCKET, INC. 2080 832
SUBTOTAL,BUILDING 321 132,191
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Building 345

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWH/YR
1 |STAIRS 2 1 200 SOCKET, INC. 2080 832
2 |WOMEN'S RESTROOM 6 2 40 LAY-IN, FLUOR. 2080 1,198
2 |WOMEN'S RESTROOM 2 2 40 VANITY, FLUOR. 2080 399
3 |SHOP | 15 1 400 LOW-BAY, HPS 2080 14,976
4 |STAIRS 2 1 200 SOCKET, INC. 2080 832
5 |MEN'S RESTROOM 6 2 40 LAY-IN, FLUOR. 2080 1,198
5 |MEN'S RESTROOM 2 2 40 VANITY, FLUOR. 2080 399
6 .-MAIN ASILE 12 1 400 LOW-BAY, HPS 2080 11,981
7 |SHOP 42 1 1000 HIGH BAY, HPS 2080 104,832
8 [SHOP 28 1 400 LOW-BAY, HPS 2080 27,955
9 |SHOP 8 1 400 LOW-BAY, HPS 2080 7,987
10 IMEN'S RESTROOM 6 2 40 LAY-IN, FLUOR. 2080 1,198
10 |MEN'S RESTROOM 2 2 40 VANITY, FLUOR. 2080 399
11 |STAIRS 2 1 200 SOCKET, INC. 2080 832
12 |ELECTRIC SHOP 2 2 75 SURFACE, FLUOR 2080 749
13 |HALL 1 2 75 STRIP, FLUOR. 2080 374
14 |SHOWERS 2 1 200 SOCKET, INC. 2080 832
15 |MAIN ASILE 18 1 400 LOW-BAY, HPS 2080 17,971
16 |[MAIN ASILE 12 1 400 LOW-BAY, HPS 2080 11,981
17 JPLATING SHOP 50 1 250 LOW-BAY, HPS 2080 31,200
18 |SHOP 30 1 400 LOW-BAY, HPS 2080 29,952
19 [WOMEN'S RESTROOM 6 2 40 LAY-IN, FLUOR. 2080 1,198
19 |WOMEN'S RESTROOM 2 2 40 VANITY, FLUOR. 2080 399
20 [STAIRS 2 1 200 SOCKET, INC. 2080 832
21 |SHOP 27 1 400 LOW-BAY, HPS 2080 26,957
22 |SHOP 72 1 1000 HIGH BAY, HPS 2080 179,712
23 |{SHOP 190 1 400 LOW-BAY, HPS 2080 189,696

B-22




Building 345 (Continued)

ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWH/YR
SHOP 6 4 40 POLY-WRAP, FLUOR 2080 2,396
SHOP 18 4 40 POLY-WRAP, FLUOR 2080 7,188
OFFICE 2 4 40 POLY-WRAP, FLUOR 2080 799
SHOP 15 4 40 POLY-WRAP, FLUOR 2080 5,990
SHOP 15 4 40 POLY-WRAP, FLUOR 2080 5,990
SHOP 15 4 40 POLY-WRAP, FLUOR 2080 5,990
SHOP 20 4 40 POLY-WRAP, FLUOR 2080 7,987
{oFFICE 5 4 - 40 POLY-WRAP, FLUOR 2080 1,997
OFFICE 15 4 40 POLY-WRAP, FLUOR 2080 5,990
BREAK AREA 3 1 175 LOW-BAY, MH 2080 1,310
PARTS 10 1 175 LOW-BAY, MH 2080 4,368
PARTS 16 2 75 INDUSTRIAL, FLUOR 2080 5,990
CRANKSHAFT GRINDING 14 1 400 LOW-BAY, HPS 2080 13,978
SHOP 8 1 1000 HIGH BAY, HPS 2080 19,968
OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
COMPUTER ROOM » 2 4 40 LAY;-IN, FLUOR 2080 799
OPEN OFFICE 10 4 40 LAY-IN, FLUOR 2080 3,994
OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
HALL / LOBBY 2 4 40 LAY-IN, FLUOR 2080 799
OFFICE 3 4 40 LAY-IN, FLUOR 2080 1,198
OFFICE 6 4 40 LAY-IN, FLUOR 2080 2,396
OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
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‘ Building 345 (Continued)

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWH/YR
51 |MEN'S RESTROOM 2 4 40 LAY-IN, FLUOR 2080 799
51A |[MECHANICAL ROOM 2 1 100 SOCKET, INC. 260 52
52 |HALL / COFFEE 1 4 40 LAY-IN, FLUOR 2080 399
53 |WOMEN'S RESTROOM 1 4 40 LAY-IN, FLUOR 2080 399
54 |HALL 3 4 40 LAY-IN, FLUOR 2080 1,198
55 |OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
56 |OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
57 [|OFFICE 2 . 4 40 LAY-IN, FLUOR 2080 799
58 |OFFICE 2 4 40 LAY-IN, FLUOR 2080 799
59 |OPEN OFFICE 6 4 40 LAY-IN, FLUOR 2080 2,396
. 60 |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
\‘\ 61 |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
62 |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
63 |OFFICE 6 4 40 LAY-IN, FLUOR 2080 2,396
64 |HALL 4 1 100 SOCKET, INC. 2080 832
65 |SHOP 40 4 40 INDUSTRIAL, FLUOR 2080 15,974
66 |LIBRARY ' 8 4 40 INDUSTRIAL, FLUOR 2080 3,195
67 |SHOP 8 1 1000 HIGH BAY, HPS 2080 19,968
68 |DINING ROOM 17 2 40 LAY-IN, FLUOR 2080 3,395
69 |OFFICE 27 4 40 LAY-IN, FLUOR 2080 10,783
70 |OFFICE 4 4 40 LAY-IN, FLUOR 2080 1,597
71 |SHOP 14 1 1000 HIGH BAY, HPS 2080 34,944
72 |SHOP 12 1 1000 HIGH BAY, HPS 2080 29,952
73 |TEST LAB 36 4 40 LAY-IN, FLUOR 2080 14,377
74 |SHOP 10 1 1000 HIGH BAY, HPS 2080 24,960
75 |RESTROOM 6 2 40 LAY-IN, FLUOR 2080 1,198
‘ 756 |RESTROOM 2 2 40 VANITY, FLUOR 2080 399
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. Building 345 (Continued)

ROOM ROOM EXIST. | LAMPS | LAMP FIXTURE EXIST. | EXIST.
NO. FUNCTION FIXTURE| PER | WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWHAYR
76 |sHOP 15 1 100 LOW-BAY, HPS 2080 | 3744
77 |sBOP 10 1 1000 | HIGH BAY, MERC 2080 | 24,960
78 |sHOP 22 1 400 LOW BAY, MH 2080 | 21,965
79 |RESTROOM 6 2 40 LAY-IN, FLUOR 2080 1,108
79 |RESTROOM ' 2 2 40 VANITY, FLUOR 2080 399
80 [SHOP 35 1 1000 HIGH BAY, MH 2080 | 87,360
81 |SHOP 8 1 400 LOW BAY, MH 2080 | 7987
82 |sHOP 19 1 400 LOW BAY, MH 2080 | 18970
83 |sHOP 19 1 1000 HIGH BAY, MH 2080 | 47,424
84 |sHOP 12 1 1000 HIGH BAY, MH 2080 | 20,952
8 85 |sHoOP 72 1 400 LOW BAY, MH 2080 | 71,885
\‘ | 86 |sHOP 18 1 1000 HIGH BAY. MH 2080 | 44,928
87 |sHOP 44 1 400 LOW BAY, MH 2080 | 43.930
88 |smop 12 1 1000 HIGH BAY, MH 2080 | 29,952
88 |SHOP 48 1 250 SOCKET, MH 2080 | 29,952
8o |sHOP 68 1 1000 HIGH BAY, MH 2080 | 169,728
89 |SHOP 28 1 400 LOW-BAY, MERC 2080 | 27,955
8 |sHOP 2 1 200 SOCKET, INC. 2080 832
90 |smoP 28 1 400 LOW BAY, MERC 2080 | 27,955
91 |sHOP 22 1 400 LOW BAY, MH 2080 | 21,965
92 [RESTROOM 6 2 40 LAY-IN, FLUOR 2080 1,198
92 |RESTROOM 2 2 40 VANITY, FLUOR 2080 399
9s |RESTROOM 6 2 40 LAY-IN, FLUOR 2080 1,198
93 [RESTROOM 6 2 40 VANITY, FLUOR 2080 1,198
94 |CANTEEN 16 2 40 LAY-IN, FLUOR 2080 | 8,195
SUBTOTAL,BUILDING 345 746,786
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Building 421

ROOM ROOM EXIST. | LAMPS LAMP FIXTURE EXIST. EXIST.
NO. FUNCTION FIXTURE| PER WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWH/YR
1 |TEST LAB 48 2 40 POLY-WRAP, FLUOR 2080 9,585
2 |RESTROOM 1 1 150 SOCKET, INC. 2080 312
3 |MECHANICAL ROOM 2 1 100 SOCKET, INC. 260 52
4 |TEST LAB 24 2 40 POLY-WRAP, FLUOR 2080 4,792
5 |TEST LAB 15 2 40 SURFACE, FLUOR 2080 2,995
6 |OFFICE 4 2 40 SURFACE, FLUOR 2080 799
7 |OFFICE 4 4 40 SURFACE, FLUOR 2080 1,597
8 |OFFICE 4 2 40 SURFACE, FLUOR 2080 799
8A [ENTRY 1 2 40 SURFACE, FLUOR 2080 200
9 |HALL 3 2 40 POLY-WRAP, FLUOR 2080 599
10 |[JANITOR'S CLOSET 1 1 100 SOCKET, INC. 260 26
11 |MEN'S RESTROOM 2 4 40 LAY-IN, FLUOR 2080 799
12 |WOMEN'S RESTROOM 2 4 40 LAY-IN, FLUOR 2080 799
12 |WOMEN'S RESTROOM 1 4 40 POLY-WRAP, FLUOR 2080 399
13 |BREAKROOM 6 2 40 LAY-IN, FLUOR 2080 1,198
14 |{HALLWAY, COPY 3 2 40 LAY-IN, FLUOR 2080 599
15 |OFFICE 6 4 40 POLY-WRAP, FLUOR 2080 2,396
16 |ENTRY 1 2 40 POLY-WRAP, FLUOR 2080 200
17 |ENTRY 1 2 40 POLY-WRAP, FLUOR 2080 200
18 |[SHOP 7 2 40 POLY-WRAP, FLUOR 2080 1,398
19 |SHOP 48 2 40 POLY-WRAP, FLUOR 2080 9,585
20 [SHOP 60 2 40 POLY-WRAP, FLUOR 2080 11,981
21 |CIRCUIT BD. SHOP 24 2 40 LAY-IN, FLUOR 2080 4,792
22 {SHOP 8 2 75 INDUSTRIAL, FLUOR 2080 2,995
23 |SHOP / PARTS 28 2 40 POLY-WRAP, FLUOR 2080 5,501
24 |SMALL PARTS SHOP 30 1 250 LOW-BAY, MH 2080 18,720
24 |SMALL PARTS SHOP 60 1 250 LOW-BAY, MERC 2080 37,440
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. Building 421 (Continued)

ROOM ROOM EXIST. | LAMPS | LAMP FIXTURE EXIST. | EXIST.
NO. FUNCTION FIXTURE| PER | WATTS DESCRIPTION ANNUAL | ANNUAL
QTY. |FIXTURE HOURS | ENERGY
KWHIYR
25 |MEN'S RESTROOM 4 2 40 STRIP, FLUOR 2080 799
26 |WOMEN'S RESTROOM 2 2 40 STRIP, FLUOR 2080 309
27 |saNTTOR'S CLOSET 1 1 100 SOCKET, INC. 260 26
28 |OFFICE 4 4 40 | POLY-WRAP. FLUOR | 2080 | 1507
20 |OFFICE 1 4 40 | POLY-WRAP, FLUOR | 2080 309
30 |OFFICE 2 4 75 | INDUSTRIAL, FLUOR | 2080 | 1,498
31 |OFFICE 2 4 75 | INDUSTRIAL, FLUOR | 2080 1,498
32 [OFFICE 4 4 75 | INDUSTRIAL, FLUOR | 2080 2,995
33 |sHOP 54 2 40 | POLY-WRAP, FLUOR | 2080 | 10783
34 |sSHOP 110 2 40 | POLY-WRAP, FLUOR | 2080 | 21,965
35 |SHOP 24 2 40 | POLY-WRAP, FLUOR | 2080 | 4792
“‘ 36 |OFFICE 2 4 75 SURFACE, FLUOR | 2080 | 1408
36 |OFFICE 2 4 40 SURFACE, FLUOR | 2080 799
37 |sHOP 8 4 40 | POLY-WRAP, FLUOR | 2080 | 3,105
38 |STORAGE 6 2 40 | POLY-WRAP, FLUOR | 2080 | 1,198
30 |MODULAB 14 3 40 | INDUSTRIAL, FLUOR | 2080 | 4,103
40 |BREAK ROOM 6 2 40 LAY-IN, FLUOR 2080 | 1,108
41 |LOCKERS 2 2 40 LAY-IN, FLUOR 2080 | 399
42 |COMPUTER ROOM 23 4 40 LAY-IN, FLUOR 2080 | 9,185
43 |WOMEN'S RESTROOM 1 4 40 LAY-IN, FLUOR 2080 399
44 |MEN'S RESTROOM 1 4 40 LAY-IN, FLUOR 2080 399
45 |OFFICE 1 4 40 LAY-IN, FLUOR 2080 309
46 |OFFICE 4 4 40 LAY-IN, FLUOR 2080 | 1597
47 |INSTRUMENTATION 82 4 40 LAY-IN, FLUOR 2080 | 12,780
48 |sHOP 15 1 400 LOW-BAY, HPS 2080 | 14,976
SUBTOTAL,BUILDING 421 211,286

B-27




APPENDIX C

DATA FORMS




APPENDIX C
_ DATA FORMS

TABLE OF CONTENTS

Building Data Sheets . . .. .. ... . C-1
Building 323 - Map & ECO Data Sheets .. ......... ... ... ... . iy C-3
Building 468 - Map & ECO Data Sheets .. ......... ... ... .. . . i C-7
Building 15 - Map & ECO Data Sheets .. ...... ... ... .. ... ... .. C-23
Building 441 -Map & ECO Data Sheets .. .......... ... ... .. . i, C-33
Building 133 - Map & ECO Data Sheets . ...... ... . ... ... ... ... . .. .. L. C-37
Building 245 - Map & ECO Data Sheets ... ........ ... ... ... . ... .. .. ... . ... C-40
Building';’:IS -Map & ECODataSheets ........... ... . . C-44
Building 321 - Map & ECO Data Sheets .. ....... ... ... .. ... .. ... C-48
Building 345 - Map & ECO Data Sheets . ....... ... ... ... ... ... ... .. .. . . . ... C-54

Building 421 - Map & ECO Data Sheets ... ........... ... .. ... ... ... . ioun.n C-64




NOLLVEZJO 40 SHINOW TVANNYV = AX/SOW ‘XONMIDIJIT WALSXS ONILVAH = 47 “(LLVMWHALE) XONTIOIAAT WALSXS DNIT00D = ¥d¥
&
‘SILON
L0 v dows taog |
oo, | 2 ar gz7i08| g 2oy o2 246! Bra szl ao [
7 A TV LIS he <
INYId _ ; Ldada
. - > 2108 o o> |7 eh : !
oor | Bk 0| LI5Sl S Yoty < | 2he/ & Svr3d 272HIA| O
‘~aid F 128" SAdOHS
o 2 o L Q2 ! 28's| ‘ Sh
s \\w Z vy ovel Z =) SS6 ! /9479 Lovuvw =
‘I # . A2
wer | 277 @) = 5 HS9)
A i evD v oy oz | 2h6! , el 2avAaL -osiw | =
1 (V¥ Id SWDLSGS SHM ¥ divd2aA
ool 2 5| o 557108 | o2 | 2hrel| 1 Koz . 'hh
AN o I I 117dS SWAY TTYNS
oo | 2R | o |PPVNINL o SWPLSBS | 0z | 2hn6l| & |24 by  1sod | sl !
- ] - SV 9O . Li7d4s
FovyA N - L= o PS6! h9es| 1w 00
0o/ | 2, h| oz 20 [ G b 756 | z2 . 17D/ 100MDS | 8D
Lovad
00/ N\\ H| 0| 370" / 2NoN 02 | 2r6l I [268’65| €IVHIA I7DIH3IN | E2E
IV LND D
DA % | MK/SOW | % Jdd TIAL LA aov SHOOM | LIDS asn ON
’ : . SUVIX XOUddV J0 'ON SSOUD ONIaINg oand
VD 'Y 4F A MOKIAANS hG- 8/ -0/ HLVA




NOLLVASIJO J0 SHINOW TVANNY = "AX/SOW  ‘ADONIIOLIJIA WIALSAS DNILVIAH = J4F (LLVMWHNOLE) XONTIDIAAT WALSXAS DNI'TO0D = 434
7..
&)
‘SALON
1NV .
ot | 2/ 17 | oL Jp0g| G L (PreRlanwl S 2per | 2 |9SAIS| AOWYW GLMITNS | 12k
/ J(\ML o D IOV INVL
LNV TIA adoHsS ono
o/ \N\ H aL. 221104 G / 2AINUYD2 oz 25€) < 8890/ HW MTM
/ valodD ’ ’ INILYDD aMngad 972/HIA
5719 % | YUSOW | % AT TAXL AXSOW | wAd AJAL RRY 4oV | SYOOM | 1LdbS asn ‘ON
SUVAX | 'XOuddv | J0°ON | ssoud DNIQTING Dad
2 do Z YD 'd29/d oRIAANS h¢ -8/-0/ ALVA




VEZE B ¢Z¢ 10d4d 1621-62» OMLIN/O00S-SEEUTE) S193LIHONY/SHIINIONI
9NI1a1INg ANYEY d3AIY d3d P as SAV1T 10OZ ~ 1LINH
VYeZge ONIang
UlﬁlW‘N
91 L|1II|
b
g1
|
=g £2¢ 9NIQ1INg
LT 1<
£ 22 1
va £ 14
8
_— H
A o1
NN

v/,

A

(s

C-3




— | — ‘Mol 4 LOOZ
iy azsn LoN v/ AVT ‘9H b4 v ¥Z | 04 1&2&& I B
Mo HLoog) ©
V| O M g | | PP %] g 9
Y| 01 | VI AV | apd Z _ 5S¢ 2750 b
v | Ol RN | O z ! Lz V0 9
+ | ol V1 1 ayd Z + g7 TN L
JNARTN Oy 4 Z 1 Waog 157y
Y| | G| ova | 2 | 2 | YO scewm 7
ALINYA a4 Z ) SPAA) B
| 9 N1 AV avd | 7 b sy ‘23 5N g
waood
blo | ovi W1 | obd | Z a] | 4% da V
L lal | v AT | ovbd v Gl | 09 | bpNEIFS ¢
Llo| oAt o | Y | b | ea| =20 7
_ (el Q 0 le |
- ¥ | 01 |s7visnan ¥ | P bl | 4l doH
NOLLIINDSAA 004 MMWAA | AQSUn NOLILJNRIOSHA UddAL ANV AUNLXI1A SHUNLXI O asn aNv
JUNLXII SLLVM dINV1 U ALD DAV ‘ON WOOU
SANV]
23N3 A4 <zZgy :ONITIN Pl woxuauns 75bl NN mva




Z v weas Laaz
Q
100 - A9 NV N> UNPPVS& \v al k\&%&& .ﬁSQwﬂ # N .~ &7@203 NN -
'Aw ©
oo~ Soreyns 27011 + | ol IRy 51 _ ] gl o |2
_ 1Zy Woog 1234
100 -FOVND  FIOLXI 14 al LaAZ2S ‘MOS5 | ! K o) g, NaUu 7z
by L32%017
o TA I | _ ol .
100 - FoNYHD  2PniNId i L 2 -mqal Nyr bl
4| ol | 1adwes | B || - 0l TYH 4l
100 -390y R 220X ad
dwjd 9¥3 O] 2ANIOLS
v | 0l LIAXS |'54 oE | | al Sl LV 2
%P LaAzo5  |'AN ‘MSLI _ JdoHs 9
100-z00WR2 | P | Al [ _ oY | ob 1viyg N
0 Hiowd
b | O] WYRISN0N) Xz 7 Ye 52 LIV al
al RLSNANI | O Rloag
v SWASNAN A | Yy | bg | 4z gy T
A dagd A 'Z-v O wooz
y<dzsn 1oN \orgs | 05| | _ z | Al HNI)2Aa l
doogd A 12-V waors
v 9l 13A20s | -maal v gz | 4l ong Ol
NOLLIIN0SIA 004 MMWAA | AQSUIT NOLLITIDSId ddAL ANV SUNLXIL § sIUNLXIA od asn aNv
SANLXLI SLLYM dWV‘1 AL ALD DAV "ON W00
SINV1
“HL woxaauns pbHbl NN Ewva




aallyi SLHY I AAS
1VIYd  FAouEA v | < F s0M0ANIM
AV
a L3AZ0 _ ! Q VIS
Ap0-FoNyNT  A3J0Lx)d 14 Q z ‘MO5| ! v
AU e=2
01 | xzwa | A | v | gz o g7
100-290VYNZ 2Palxid v ‘MslLl
NOLLIIYISAA 0D MM A ACUSUIT NOLILIRIDSYA JJAL ANV JUYNLXIA STANLX1 Dal dsSn ANV
) JUNLXII SLLVM dINV] CAdd ALD "DAV "ON WOOU

SdINVI

L moxmauns

vbpl NN miva

C-6



NV1d 400714 L1S¥ld - 89% 10d3d ﬁ_.nﬂoﬁwaﬁﬁmmﬁw S153LIHOYV/SHIINIONT
ONIATINg ANYY H3IAIY 434 B wn e SAV1T10OZ ~ LLINH

s
0 SH
wn% :
s¢
L4
¥E
i
vzl gzl
8¢
L )
N 1
€€ &S 6€ ! . eI
arL ! we o IRy
™ Ti ¥ "
’ v
e gt pramng OF " azL
T R A i -
- | £L
62 .._ BBl | o ol .
 — R 3 | 3L Jos| st
8z ._ op lm.v.._ 1Ly 8Ly
2L —m&
I—.Pu ¥9
12
LT Bvele Lb _
vz Lo * . v vze
- Oa
5z - IS 6v w - AH— m~—
£2 vorp
0S
w  [=] .
F24 — f
1 | ss _vm_.InM. 25
he]' — S8
>
V69 269
61 89 >l ©
t i gy T
- 81 68
- - ——
L
L 16 aos 206 | aos } vos
21 £1 ¥6
val s m;.m_ _ 5 £
- p

St —Mm

— T 1

i v “ 896 Qs
vs S - o o
X
V96
356




NV1d H00714 ONOD3S - 89¢% 10d3d Je21-520 GHLIVO0DE LD S1931IHO¥Y/SHIINIONI
226£-2019L SV TRk F]
INIAINg ANHY H3AIH d3yd st nsamus nmzs SAV1I 1OZ ~ 1LINH
= o
) <
821
621
..... 2
os1 121
z Ld
1€1
PAN
I
ceT
i
bEl 921
||||| T
B
Dacy | 99¢€1 =
6€1 8¢l LET vacl = €21
Qof1 avﬁ

— 4 Zn B 221 ) .
20} AN | i “ ”_M
L0 ot pup 9 | am | wn 811 I ] e | ozt 121 ,
i STl _ “.,
. 607 ' | “
901 _ P:_ﬂ €11 L6
I
co1 101 66 86 “ |
| i




ylo | owwvi| ovd| 2 | 2 (el | s
ol | M- opd | 2 | 2 |50 | SR e
+ | 91 | LzAz9s |, u.ws@\& ! _ oy | NG Du
bl a |- | 9vd | v | 2 | Q9 Lapwes L
Y| ol |gwmrid | obd | ¢ | 2l | SF wwﬁw@ V4
| QT | DAY O+ - % 7 oz %w&&@ 9D
+ | Q1 | d¥m-x19d O+ 4 .N G <l %N%&m% VI
Hla | T | okd | 4 | 9 | 99 e G4
4| ol | VAT | Opd4 | B g |49 &&nww\s\wo V
ol | N-p7 | Ovd| ¥ | 9 0L |3 gy,
1+ | Ol =X 0y * + 0) |Z7H40 <m#
s S o | o | NGuoten | st | s | R o “on oo

BM7 g “wz_ﬁdbm

L F&&qu MOATAUNS

%w\.o\ ALVA

C-9



v | Ol | N-AVT Oy - |z Qb [P7H40 ¥ 0L 4
: A A
| b O% |[WIFN12 2 o) #
L | v | o8 WD Vb,
blol | V- opd | ¥ | 2l | 49 | Seese B
VIND SNV S
e el NIEIN Oy A 7 3 &l |deaizdon B
A
7 7 i : Wd 123y
i + G | oo o Ll
Z _ az | INe Sl y
-7, L |gg |90Q1d390 |
+7 al Qg | A9997  zly
Wd s
volal | 1| ovd | b | G | 58| Srewew Cla
NOLLII4DSAA 004 ywid | Aassun NOILIIIOSHU ddAL ANV JANLXLL | gaanaxid od asn ANy
JUNLXIA SLLVM dNV1 UAd ALD DAV ‘ON NOO0Y
, SINV 1
&&\fﬁuozmodbm L L2A00-T woxaaans \v,v\n: HLVA

LT NI aNONT ONILINGNO?
: . Tou] "elEljoZ-33f

ol 20 ‘
f

C-10




Y| Ol | NI =RV ob4d | =z ] Gl ANLS DF
Y| ol | vw-sv1 | ovd | 2z |z | 0¢ |FXY G,
v | o1 | kYT O 4 | ¢ |ool|ZHe ¢Fy
Yol al | M-NT | obd | | ¢ |00] |FPH0 d7g "
v ol | - | ovd | v | g | 00| FEE0 Yeg,
| al | M-, | opd Y | 2 Op | 921940 1By
| 0l | V-AYT | opd .& + og | 20a1740) OF 4
plol | v | obd | ¥ | 2 | s2|" wﬁmﬂm bl 4
+ | Ol NV =) | Op- v Z gl .ﬁuﬁv{www LL 3
+ | Ql TRV N | 0+ ¥ < B | avdo 9L 4
| ol NN L Ofd | Y | aL| 29Ed0  Oly
HOWAIOSAA 00 WA | AGSUE | O | SLIVA aWV7 Mww,__ SR | oav ‘oN WOOU
397 oNaTng TIZ957 ] oazauns 6 /o] mva

STANONT ONILINGNOD
U] ‘e lelloZ:

C-11



o

4| ol | p=hvT | oA Z | ¥Z | Oy @«Wwﬁ YL
vla | v | opd | 2 | oz | ov | YL a
4| ol | VAT | 0bd Z | v | og (30T 2Ly
£ ol | kv o | Z G | 0g | 207 BLLy
Ll o | el o od | | 2 |oa| 2L atls
+ | 9l oV -RYT | O Y | 2 |04 Mﬁw V2L
[ e =T Y e B | 2l | o | B Y7Ly
HMW m@“m “o0V] .Nwmw | v | 42
LA ov4 | ¥ | Y2 | 57 |jAsaicay YLy
L | ol | NI -RVT ovd | 7 oL | 27840 Ly
| al | 0l-Av] abd | + Zz | ob |Z7H40 F0L
HOIOSAA 003 awaa | Aasut ) NG | stavm o | | e | oav ‘oN WOON
ZoTomamng TIZ550~]  moAaAuns

C-12



Yoo | NANT | Obd | |y | oL [P0 95y,
v | | a4 |22He Yaby

v v | 09 |9HWUe  Ybg

v | ¢ 0a |YSTN Dby

L | 2 | 2| 7WH  Zby

v | 2 |02 |"Zho by

P 7 a9 EMMWAQ QQW#

4 Y | 0g |F7EH0 20by

1 Y oL wwtmg 20b 3

4+ Y 0g | 271240 vo, o

| ol | NNV Obd | P | 0b | 22H0 FF,

HoMAIIaRIa o8 WA | AdSUE| MO | LV anv M_mw__; SN ey | on woou

297 & B—— TLZAo07]  woxasuns FL/0]  miva

C-13




Blor | p-avT | ovd | oz | oz | og |#Was 9ol
! , i ¥ % gol | V291 0l

7 7 04 L0 @0l

+ gl | ool |FVI2AIT ol

yo| 2 | &0, by

v | 7l ob SQMM:Q Gb

.Ln 7 a¢ | 2Me  Lb,

v |z |0V %ﬁ%ﬂ o,

% 7 |09 |AoBA0 Y9b,

3 c Od W Aok,

Vool NeN ) obd | | 2 | GG | FPEH0 PG, )

NounIOsad 001 WA | @) N | stvi anva “w_ﬁ el B N oo

QY # ”oEm..EDm LL3AAPNT]  "oxdauns 42 \ 0] @Lva

C-14



v | ol NN ovd | | b | 98 |94 02l 4
k X K
+ + 0% |37 bll "
W
Y| g |09 %2, @l
Wwazz
+ Y % | se¥12 2 W
v 14 og vMMﬁQ YL
WA Lea
v g |8 | SN Gl
= ¢ O | 2940 iy
Z Z | 9% |deardoD 9Kl
¥ v | gz |29Q13207 vel
WY ey
Yol 4 | S| e e
v | 9l NI- AV O bl o6l | ~avdgr Lol
v +
NOLLIINOSAA 00d AWAA | Aq@sun NOLLIIIOSHA 4dAL ANV FUNIXIA | gornLxId od - SN ANV
] SUNLXIL SLLVM dWVI ] w__mmq ALD DAV "ON WOOU
FIy ¢ oNaung LL3AA2N7] ~woxdauns Vb \9 ALYVA

C-15




— WaeoH
+ aQl NIESN oA 7 2 av Shain Nw;«
, i Z | O¢ | do01Dd%) Ozl 4
z &z
" Z O Wl o112 bl ¢
<gVv-1
LeyTivg 9 NVWwld 4 ! OV | wusdwoo B! 4
Z 9
<z 9
L 21 Oy WoAsa? 7171 "
4 ~ al | ANs  VZlx
b + 0L | 2740 ¢ty
= 2 oz | 9QIFLT 7L 4
Y | 7 |og | 272440 2121 4
= Y 7 v
R | al V= AY] 04 + ¥ | 09| #7H0 Yzl
NOLLJIIDSIA 00d AMWAA | AQ/SUIT NOLLJIMDSU ddAL ANV HUNLXLL | gmunaxid od © d8N ANV
JUNLXIA SLLVM dAV AUUJ ALD DAV ‘ON WOOU
SdINV1
B 3 “wz&dbm LLazA2N"]  oxdasuns 4z \3 WMLVA

C-16




| oo | 0ENT| oba | b | T | 98 TR0 7l 4

A A \ b 7 0g |[F7HA0 294 2
+ i 00| |FPHd0  Y¥g4| "
+ + adl | A740  Lel 4
+ ¢ 09 | VR d9gl,
b | T |og |FVHI 792l
b | 2z |aes [779H0 agq),
+ Yo | ool | PHAT voq,
7 g | ag u&&u& a¢l
+ o Gf |Wogd H1D el g

Y| ool | NewT| o ovd | 2 | g2 | S ey

HOMARIoSAd 0o WAG | Aasult | N | v anva | | e | oAy 0N WOON

SIWVT

&sﬁ*“ozumdbm LL3A2N"]  =ox3aauns Vb \.9 SHLVA

C-17



C-18

| T |, FReTl opd | ¢ | g | Wolg, bl
weood sy 1D 28470 LW LOWarad 5 SONTD 1
Lol | VAT oyd| P c | o2 | 1WH 98¢l »
NOLLIINOSAA 0D AMWAQ AQ/SHUIT NOLLJTIOSHA ddAL ANV JUNLXIL STAUNLXII Od - dSnN ANV
. JANLXIS SLLVM dINV1 A ALD DAV ‘ON OO
SANV1
B ONIATNG LL32aA20~"]  woxdAuns Vb /O] @Lva




v | ol ﬁ ova | ¥ | L | oa | NAX b

ANIUS
> f 4 ¢ ge Jva-x Gl

LZad1a NI

ohgedl o | < v | oF Wwx3A L7y

NG FINZ
LAz |"2N Mo0) A z 4l z\\,wqmmwm SN#

1l=z=02
ATAzos ool M| 7 ~ Ol | oNigvan G2y
H =3 9 | oG | PV VT

oN o9l Tz z WN/X=
c o) 59 AT m.N\x.\
< v ap vawMM s

2199 M
4 | ay %Qauw«w,é 24
z | 1 | ov| NEE oz
|0 Przmel g | 2 | 9 [ aa| e by

NOILLJINDSAA 01 AMWAA AQ/SHIT NOILJIIYDSHA ddAL ANV JUNLXIA STUNLXII od - dsn ANV
JUNLXId SLLVM dIAV1 UUJ ALD ‘DAV ‘ON WOOYU
“ SANV1]

JINITD NASY S0 @oH74 ONMIQTING LL3aA2n"]  woxmauns Yb \.S ALVA

C-19



A A § 7 1 A ol g 7Y 1
, |z | 9| ZHT by
BN Op- & v |42l | WXa o) "
SE Ot | 7 Z1 | 0G| Z7HHG b
Quseazd | Obd | Z | Y | 04 |40 Qg
b ol [T | 2 | v |09
b | Ol ‘ALW 3205 _nm,\%» z Y | 99 | A8207 Lz
‘DN
LIAos M5 _ | RILNE \vﬁ#\
A 21430
P | ¥ |90l | gk “ex
¥ | 99| va 7%
AR/ OL
+ | gl | MNgm-x19 Of4 | b ~ a4 mguﬁmﬂ 1% 4
NONLIIIOSAA 004 MWAA | Aq/sull NOLLJITIOS:H{ AL ANV SUNLXL | saanLxid od © dsn aNv
dUNLXI1d SLILVM JAVI Udd ALD DAV ‘ON WOOU
. SdNV1
N2 Gy onanng LL2aA2N"]  oxaadns Vo \.9 :ALVA

C-20



+ | o] N =AY Oy Yy | = 04 |PNIUS 5G4,

) } , 1 ~ 0 |2Mas G ,

bz oo | wea €5,

L | 7z |o0l| wng 24 g

L |z ol | a9 !

b |z || W og,

bz || mE by,

Lz || wxa gy,

|9 |98 | ¥ g

Lol | oz | ranE s

+ | ol VXD O | g |odl| wxa <p,
oIS 058 AL | Asun | | savaanv | o | TG | oAy oN Moo

| SURVT
ZINND @97 i oNiamnng L L3aA2N7] woxdauns Vb \9 ALVA

C-21



> “Jon4 4 ]
v wt a uwar | 9PA | 2 9 | 02 | P 174
V-1 | ovd | Z | o2 | YH 9,
sauc | E N 2 |z | 09| vt 9
= 2(V]
\_\MMW%\M -MoSZ ~ Z oz | 7Nay Y7 g
“DN) S WaoA

L IAZ75 may | € A al | ieay @@\@#

, . sWar4 29
OLU FNI0C Oyd | 7 | o2 1555) &5 *

i, : e
ALV 224G ‘. | | Q) |
Al DYIIng ‘ v z Q9 5929724 LGy
. Vollvlg
ﬁ Y| 9 |99 Samnn L9#
_

47 | 01 NN a4 + _ gl | 2840 9q ¥

NOLLJIINOSAd 00 MWAQ | Aaqsunt NOLLJIHDSUHAd AdAL ANV JUNLXTA SAUNLXII Od - dSN ANV

JUANLXIS SLLVM dNV1] AL ALD ‘DAY ‘ON WOOYH

SINV1
21N GRDNaTng LLAaA2N"] woxaauns »b \9 HLYA

SAANIONT ONILINGNC

U] “edBljoZ-a3in

\vu‘

C-22



400714 ANNOYO - SI

10d4d

1621-62 OULIN/000L-SLELTB)
2268-Z019L SYXIL ‘HLYOA 1¥O4

S103LIHOHY/SHIINIONT

INIATINg ANYY d3AIH 43 st ums'muswmzs od V1 1O ~ 1LINH
W | |
|
be _ '
mnl. n
T ] .
st Im —a—

C-23



40014 L1Sdi4 - SI
ONIQINg

10d3d
ANV d3AIY

d3d

1621-6ZF OULIN/000E-SLEWLIN
226£-2019L SYXIL ‘HLYOM L¥04
001 31INS ‘LIULS NIVN ZIS

S1331IHOYY/SHIINIONT

SAVIIOZ ~ LLINH

I

NI

—
—
)

ot

2t

€

o1

1

FA4 €1

££

9 81 L

61

0z

| £4

(I

(LT

[T il

Yot

62

8z

1k

C-24




d00714 ANOJ3S - &I

ONIANg

10d4d
ANYV dJAld 434

16Z1-62Zr OULIN/000L-SEL(LIB)
226£-2019L SYX3L ‘HLYOA 1404
0081 JLINS ‘LIS NIYN 215

S1331IHOYY/ SHIINIONT

SAVIIOZ ~ 1LINH

8s — 15

9s

vas yL9

L9

99

6S

09

£9

1117

¥9

59

C-25



Y| 9| P ov4 | o, 1 09 | F7LH0 7] 4
A _
! | v | b o9 | 0,
oA
Z Lz | 0 |2y by
Woo=
=M s 1% | L | zaior 9n
YIRS < _ al EQMWMM L
Waa
RN Yo A |99 | oxegaiws Vg
> Y gl |FoLHo 4 2
4 Zz | og | 2740 g
= e Y| 9 |5 |FNH0 ¢,
NI v | O 1 Y |8s | e 7,
v o | T 4| Y | ¥ |og| Foddo |,
NOILLJIUDSAa 004 MAMWAA AQ/Sull NOLIJTUDSHU AdAL ANV dUYNLXIA SAUNLXTI od - dSN ANV
qUNLX1d SLLVM dWV1 AAd ALD DAV "ON WOOU
SINV1
5] iy “wEmHSm LL3aA=2n-] MOXIAUNS Vb \o | @Lva

-26

C



Yo Mal 9| Y| ¥ | 0g | FRe Wz,

71— o oA | b 2 sl |22y T 4
12 | TN || 07 [P ¢Z

‘At Ny ¥ | | a9 Ioo T g7
%%%&Q Lol 59) | F7BA0 124

ISy Y | v |e2 Nmm o 2%

N/ = Ay o4 | Z v |09 s\wvmﬁu bl g

12405 | . WMMN [ ~ Oz | vounyr 9l

/ v | Y o9 |Udo 9y

% v |92 | h9907] Gl

sna1 ag momag fwaoz) AN
NOLLJINOSIA 0D MM/XA | A/sull NOLLJITADSHA HdAL ANV JANLXIA STANLXIA O dISN ANV
JANLXIA SLLVM dNV‘] picll ALD DAV ‘'ON WOOoY
SANV1
! + 1
4| 3 DNIATINL LLFA20"]  M0KIAUNS b [ Ol :awva

G3aaNIONT ONILINGNOD
oue 2ny

—

C-27



LINABA0 V| ol \%M&Q\_N.Q o4 v L G9) |Qoomdor V% 4
¥ ] _ INLS
.7 b 3z Vo 2o e ¥
47 47 09 | 27440 7¢ gy
v ) 0y |5 _w o 1€ u
Y | v | ea [PHe g,
+ v |9g |84 oz,
| Y22y
¥ | 2¥ | o4 B
+ g a9 | 2240 Q7T x
s0a] camera) 14 g 04 | 27840 LZ ¢
Ay
(uvmal) o217 Stz (%) vl 99 | 5500 DZ ¥
+ | ol T v opd | b Z | a¢ |70 gz,
NOLLIIIDSIA 00F AMWKRA | AWSUH NOMJIIDSHA ddAL ANV HUNLXIL | sgungxid od asn anv
AYNLXIL SLLVM dNVT id ALD DAV "‘ON WOOU
SANV]
9] + DNIQTIOT 1123207 aoxzauns %W\o: HILVA

C-28




Pl ol "Ma| ov4 | Z | b | 0g| Ao Sh,
.
MY obd | | b | o | 0 b,
SIS 2= R I || g2 |FRees b,
‘D0 _
dEAzes | ] Z | 9z [PWPUS Ty y
v =) O v Yo | g | F72E0 0 1,
dvam \\JJQ& ' 2 ] NQ v
—~r| ovA | | 2 |9 Wo Y0y 4
| | ol sl | Palg oby
+ 9 % | F7BAQ g
wao
+ Z OL | "S36m Lex
NI= v ovd | b 2z | 909 | 240 gg,
n@=9 Wwaea#
\W o) olals NWF _ _ o7z AAIACD .\&ﬂ\&“
NOLLINDSAA 00 MMWAA | AQ/sull NOIILJIIDSHA JdJdAL ANV JUNLXI SAUNLXII od asn dNv
JUNLXIL SLLYM dNV1] Hid ALY ‘DAV "ON WOOU
SdNV1
Al ONIqTIOE LL3P20] woxzAuns D \E ALVA




4 | o U=pv1| G4 | b | @) |09 |F7BH2 94,
. Wweaz
! NN + Zz 2l | opagy 95 g
WY 2 LSpaNT z Z 7 WA Yay
! v | ¢ |oa|Zo ¢q,
| v
+ %9 a) \WQEM«Q 29 4
W2
NE-AVT | obd |z | 0l | 0% | Suamem 19 #
20! . IR0,
LIAZOS moar || z OC | " Goog 04 4
. © A& N@Q&Q\Vw
dlals mey| T _ 02 | "SGuerid bb 4
4 y, b | € |0 | om0 $by
] 1
NEING 0474 b + op | 77840 by
)
VOl g | OVR | Z | S 05| s My
NOLLJIIIDSHA 004 MMWAA | A/sun NONIJRIDSHA SdAL ANV | 9UNIXI | gmanLxid Od gsn aNv
JUNLXI SLLVM dINV1 AUd AL DAV ‘ON WOOd
SdINV1
) # ONIQTING \PNV.G:\\ MOXTAUNS 5 \ o] ELva

=ie

- G¥2INIOND DNILINGNO:

UL B0 Z- AN

®

C-30



+ | ol N = AT O + Y | g | 27249 )y

T ovd | & | % |08 |7wewy 42,5

1A || V| L |8l e 69y

A A ~ 4 sl ?M ZMM& 29 y
AP

b |y o8 | " 094

Y | b |aL|2ba0 g4

IWIE v | T | 8L |THRE gy
+ v |97 | F7Ho YIG,

e v | oz |00 |9weas g,
| Ql | o | b Y | 09 |27440 vog,

HOILIOSIG 001 e M| slveans | M | S ol “oN WOON

Sl :ONIQTING L13A2077 " woxaauns P w\_o\ HFLYA




C-32

A 9 A A, 4 Y| 49 |ZPEHo YL9),
w / A REE
Y| ol | NN | obd | & ¢ |94 | 27240 9,
NOLLIIIOSIA 004 MMWAA | Aq/sall NOLLJIIIDSHA JdAL ANV GQUNLXE | gmanLxid od Isn aNv
FANLXILL SLLVM dWV1T Add ALD DAV "ON WOO0U
SANVT
Gl ONIQTING L F&&Q:A AMOATAUNS

5 \g | "Lva




18747 10d3d 1621-62% OMIIN/000E-SEEUTE)

S103LIHOYY/SHIINIONT

9NIQ1INg ANYHY H3AIY d3d Zo ansmuswn e SAV1T10OZ ~ LLINH
) > 9ONIQ1ING 40 ON3 HLNOS
c1 1 | o1 _ 91
LT
=~ G2Z
b ¢ | 22 12 0r4
61 | 81
< INIa1INg 40 ON3 HLYON
AZERI
01
11
£ 8 6 Al =~
I
; e .

C-33




+ | 01 NN ovd | b Zl | a9 o |
oz, | - | ALIOYA T oA Z { woa
v | Ol NI YT oy Y [ o loag 9
plo | mm | ovd | v |2¢ |av | TTd b
9 WAl \v Og »/: M/J\A QW& .T &ﬂ W.T %&Q &
Y| ol NIy | ovd 27 ~ O¢ 2740 )
Fosnas ) O . og | Wwood 1934
bl o] o) opd | b o rawan 7
— —_— Y . , 1lasa12
S VYaAws | by 000 _ _ al ‘ayp g
|y | 0] o RYT o4 4 ! Iz ez ¢ﬁmm 4
ylol| wavir| ovd | v | oz | op pruo o ¢
+$ | ol N AV oy + v aq 221320 7
LN 22¥107 3 | o1 Laxlzws | by ‘maol T o7 AIeo |
N M| ovd | v | e |
NOILJ1YDSIA 04 MMWAA AQ/SUH NOILJIUOSHd UdAL ANV HANLXIA STUNLXIA Od asn dNv
: SANLXIL SLLVM dWV1 nad ALD DAV "ON WOOY
SAINV1
, oA EH Tv*u_,v_ &Emﬂbn — ML goxmAdAS Yoyl NN @iva

4

C-3




v a) |"WRLsNdN| Oy~ c 7 Q¢ JOHS oz
| s T [m| AW L0YA
VO e 0| menr || 2 | FT| a9yg0lc Y
5] 45WE7 AN | . ) oyA
A U Aol | 7 | 5| awwpe 9
01 |7 VA m| AW | | LY
L00-FIMWHZ 14 Q Ay Mo mgLl | g1 az ANV Ll
L |5V VA ) . -
|01 J(&F\%Qmw ovd | 2 . az
T T _ —— _
100 - 2INVRD v | ol Avg e ‘msLl | _ L az | o 9
v ] | viLsndmi 04 Z ] a7 .m&d&\w gl
JooNAS ALIWA o4 Z | ‘W Lead
Jwan-ad |9 MRS 0 P e |97 | snawom V!
oo || ) NLTNBYA o4 z T | g | W3 lsag
dusi1-30 | NS o b | AW
| o1 drg | L | 2 Z | az
ST [ sod | | | a] | gz |PWILS
Q 1
4 ! g m07 | oot | “ az /done Zl
NOILLIIYDSIA 00d AWid AQ/SUH | ZO~b~ﬁOme ddAL ANV m—ﬁ.D.er STANLXIA OJd asn dNv
. HANLXIA SLLVM dINV‘] UAd ALD DAV ‘ON WOOU
SINV

) ¥ 4 ONIQTIOE

AL oxmAUNS

4551 NN mava

C-35



3 | o |wsmaci | obd | 2 | @ | 42| 29ul9 vz
\ Adro YAV _ | A, .

¥ | 01 v | v | ¥ | 2z | g2 | 2o0do @2

domEs | | o) NI Y1 obd | ¥ ¥ | .42 _\,ﬁﬁm& 77

100 AONVHD v | ol L2779 | noag | a1 | 5% | apimovi 1z
NOLLIRIDSIA 00d 555. »a\.mm: zorEEom.E | ,_.:a.oz< ._ JUNLXIL | sTInLXId od | ash oz<,
. SUNLXII SLLVM dNV1 udd ALD DAV "ON. WOOY

SANV’I

1V 4 "wEmdDm .

“HL  goxdaAdNs

\vku 'NON miva |

C-36




¢l 10d3d 1621620 ONLIN/000E-SEE(LIR) S193LIHOHY/SYIINIONT

INIaTINg ANYY H3IAIY Q3 P mamus wmze . SAVI1T10OZ ~ LLINH

— — — — —

' o1

C-37




dvam-xed|  opd | 4 | Ol 0a) | 271240 Gy
S=2954 il
Fials0ant | mos! ~ L 04
Jep/N 72N EININRE2Y A
e oy NN 1 |99 |99 g e Ly
s U=2oa
Jdls O A Z | al \MQQ,NEQQ\N Qﬁn
N2 Wa Iagd
Jdig)s ov4 | 2 | 2 | ab|avH40 G
! QQ\M& .
d1dls e | 2 | Z g4 | PLA0 Yy
d1e | oyl 2 | 2z | sz | @2z
digle | avd |z | 2 |92 | BE7 e
DN W2 lzag
LIAPOS | .NGWN _ N Z sNAWIM &::
‘W3 1zay
O ! ad
' | Adle ¥4 | Z ~ & AN B
NOLLJIIOSIA 00d MMWKAA | AQ/Sull NONJRIDSIA AdAL ANV TUOLXIL | saanLxid Od asn anv
JUNLX1L SLLVM dINV] ptofi ALD DAV ‘ON WOOd
SANV1
ﬁwQ,qN:\ SENhly ezl :ONIQTING LL3aAZ07] MOKIAUNS

2 \ Q| HLVA

C-38




i WaaJ
VAN - 194 Q.T& 47 9 ac 2o /] &4
(9
MV = )10 O 4 | og ﬁasﬂ
M-k | ovd | v | a |92 | 02 ol,
_ o L %
d12ls opd| Z 9 |ac oal O
NOLLJIINOSAA 024 MMWAA | AQssunn NOLIJI¥OSHd HJAL ANV JANIXIL | sgandxid od - @SN anv
SANLXLL SLLVM dWV1 AAd ALD DAV . "ON WOO0Y
_ SAWVT
Saavall a3y sely “wvwoﬂbm LLZA207]  MOKIAANS %W\o |  ELVA

C-39



Gbe 10d3d Ie21-62r OHLIVOOTE (LA S193LIHOYY /SHIINIONI
INIQ1INg ANYY H3AIY d3Y “osr s s wmzs . SAV11OZ ~ 1LINH
4 _
ve — p1 €T 21 11 01 1 “ ¢
- r
92 9
' |
22
£ 0z E a1 £ F
6 8
91 -
] 12 61 81
*T4 12
]

C-40



{\\,«w
Y| ol | 2meyad | obd | ¢ z 9% | 5 Wm& 1™
7| 9l | 2nogvavg | Opd < | c 00| | Z7H40  aly
Y1 Ol | widLsnani 044 7 7 074 M_QM\Q b W
V| Ol | “waLenan o Z + 0574 M%MW D
ﬁ Ol | v iziscan = Z 7 &l HalNg L e
V| ol | 1wz | 20 Z | ol |am) Dy
ool vl | ovd | Y| Y |99 |32He g,
Y| ol v | obd | b |y |09 |FHO by,
0 sviAlsnan| oHG
Vool |Teeetll Obd |z | 59 | OF | dOHe gy
+ | al N = YT a4 v | Z QY | 340 7y
\T Q | 7\ / \¥/<4 Q.TL 1*“ ) Q* &MEQMQ“ _uxu
NOLLJIIYOSAA 004 MMAA | AQ/sall NOILJIYDSHA ddAL ANV SUONLXLL | soundXId 0d dasn ANy
GUNLXII SLLVM dJWV1] ARd ALD DAV "ON WOOd
1PW 22334 Shzy oNITTING L1320 oxaauns YL \ ol @iva

C-41




= 4
¥ | 01 |ewidieoant| oy | = | ¥ | 42 ooHe  Ily
Y | 0l | s Jodd 04 | + | ¢ 0%) |BH0  |1Z
| 01 |2negvdy | ofd | = | 2z |94 |FHHo 02y
4| a1 |orevtd | obd | ¢ | 2 | og |PH0 bl
+ | 0] |2nogyd | o4 | < Z | OL|FAHT Bl 4
4 | 0l |2rnogvdvd o4 | < 2] | om (2740 o) »
b | ol |orogwvd | ovd | < | b |48 |ode  clp
& | 0l | spe) Joga| OpA + 2) ool | 2840 4| e
= ) ‘'wd 123
V| 0l LoAws ) .M%N | b |92 sw. nAN el
Y| ol | pam-Med | od | b , 09)
‘oM W le=)
v | 0l LIS | Doz ! Z 09 S ianon] Zhy
NOILJIUDSAA 0DA MMWAQ | AQ/suH NOLLJIDSUd UJAL ANV JUANLXLD | gaianLxid od asn aNv
JANLXIA SLLVM dINV] mﬂwww@w_ ALD DAV "ON W00
b7 s "on.Edbm Lizzz0"7 0x"AUAS vb \o_ HILVA

C-42




Al

p|oal| raws | 2o _ _ g |3RUS G7 4
o
1| a1 |Nem-ked | obd | 2 V| ag ﬁﬁWm V2 4
WU?EJN; SdH o lm fol
(1=l awgad) v |9 g o] ‘MoS7 | ! Jeoh
+ | a1 |swizisnan ovd| Z | 8 | & | dAC
(Fwa) rvosodxa)| NI c as | 4
(voay Livyd G710) v | 9 LaAzos | o) MOOZ ! gl ot mm#
NOLLJIIOSIA 001 MMAA | AQ/SYH NOLIJTUDSIA ddAL ANV TUANLXLL | sgunsxid od asn anv
JUNLXTA SLLVM dNV'1 udd ALD DAV ‘ON WOOY
SANV1I
\h.vN#uoEodDm LLaA20 woxaauns \SQ\S HALVA

C-43




40014 LS¥ld SIE

10d3d

1621-62F OULIN/O00E-SEL(LIS) S103.LIHIYY/SHIINIONT

ONIa1INg ANYY H3AIY d3Y “aon s wmzs SAV110OZ ~ LLINH
N|lﬂ|&|ﬂ
Q1 91
1 |
VHNﬁZ I
11
Illlﬂ IIIIIIIIIIIIIIIIIIIIIIIIII
_
|

C-44



pdg ® ‘puUZ ““ZZ3IN SIE
ONIaINg

|_l o n_ m D 1621-62F OYLIN/000£-SEE(L1B)

S133LIHOHY/SHIINIONT

ANYV H3Ald d3d

- L
“oos s wmzs - SAVT 1OZ ~ 1LINH

=

40014 dNOJ4S

12

0¢Z

61

81

(44

40074 QMIHL
8¢
LZ
62
0}9
T4
ININVZZIW bz
92

e

8

C-44A



sgoxa wo-asenz| V| 91| FEA7E e || z | o Ca

b ol | STl opa | v | 9z | 99| TG0 O

=nlxd 100 -BONVHD v | O LEAZ% .%@.&N ! ! o _\_\.ﬂawsz b

bla |wmpad| ovd | z | G |og| Wi 9

plol |dmpmad| ovd | z | al |s¥| S L

v | Ol ome| TCHl oz | b |9b | YEE 9

Yo |smrd| ova | 5 | g | g9 ]| 2 LN AR

,008 Ly "aLUW v | o Nﬁ wsgwm Nx&w I 09 | ‘JaWIN P

o0z MY AW v Ol wmwa ﬁuam oy ! ol |V | ZONWKW g

ooz woam| 7| ° T memy | 1 | oz | oF | 20NN 2

(O-0% 1Y ‘OLW v | al xﬂwmu M%%\ww, .%mowo, _ alL | ¢ AONYIN |
vopanosia cos s | sosun | vommossa | sovy | s | gogas | o | gsman

i
SBNAd a2d alz "wEmdbm APL wosmauns  FLL] AON amiva

C-45



6

C-4

200
s wvnaew | V| 01 | NI obd | v |9z | 48 |7 Rade U
Yool | N T ovd ¥ L |97 | PHe 12
W 1<)
blor | v ord | Y| | s | MEE oz
| | ‘WY Laay
Plol | v wl| ovd | P LBV | Cpewen B
+ | 01 NN o | P ¢ | 99| Zoudo Q)
=S | &AM
o 14 oL 100-3INWHZ v | Ol L7AZ | ooz . _ = 0l 2mig Ll
WA | ap 4 Z _ weay 1533
JWN1-32d v | 9] NIXYT | oA 4 b 9% SNay A1
Lol | ™ a1 | Opd b ¥ |og wwﬁwm 4
AAWA | 04 Z _ WY lsay)
v | Ol SYEPN ! o+ A 1 z & = NAWI) 14
+ | o1 NI AYT | Obd z z az v &l
dwsal| || M| ovd 4 | 09 vmmﬂﬁ.v by
NOILJIINDSIA 00d AWXA XQ/SUH ZORLEOmEc ddAL ANV AUNLXLed SHUNLXIA od asN ANV
. HUNLXIA SLLVM dAV] zmaw_ ALD N ‘ON WOOu
AT Sle 4 ONIQTOd ,_\:\F WoxdEAdNs Pbbl /NON  ELva




yAzos | S| g | ik, e
‘AW
LNO- 39NN v | Ol LIAIS M2 _ _ %) 2IwWle O¢
O~ WP

soW1 E NI dANSYW .T a1 . O Y- W .V =4 24aL0dweD bo

NABY AdIoM
Sdww £ SNET A3ASYW Yool | AV Gy .\v 1 .mN 'y D7
b ol | N | ovd 1 _ Qs wwwwmﬁ 17

D0
/
‘NDod AN v| o1 | N W O v |e2 |sP ey )7
v | 0Ol NN opd | Y | z |57 | 37H0 gz
Lagoo AN
100 - A9VWHD v | ol 777 | maL ! K & TWH vZ
Q 2A00 - =d 1

100 -2A9NNHD 4 ! Lanzsz ‘Moae _ 7 ol YH Y

NOILINIDSAA 004 MAMWAQ AQ/SUH NOLLANIDSYH U UdAL ANV dUYNLXLe SHAUNSXIA Ol asn ANV

: SANLXIL SLLVM dJWV1I UAd ALD DAV ‘ON WOOU

SANV"I

Jd Sz ponamnd “HL  woxaauns Ybbl NON  ELva

7

C4



400714 LSHId 1¢€

10d4d

1621-6Zr OU13N/000€-SLE(L18)

oL S103LIHOUY/SHIINIONI
ONIaTINg ANYY d3AId 43 oost wnsmus imzs oA V1 107 ~ 1LINH
NAIG.'H
g8 6 o)1

T_:m

C-48




"ZZAN B H00'14d PUZ ¢t

10d3d

1621-62F OULIN/000£-SEL(L18)
2260-2019L SYX3L ‘HLYOM 1404

S123L1IHOHVY/SHIINIONT

9NIa1INg ANHY HIAIH d3d oo smus oz SUV 1 107 ~ 1LINH
NV1d ¥00714 aN02J3S
15 "6l
€1 L1
- 6% =
LI 0S -
02
1 12174
o174 -
1 av < ec| 62 | ! .
o1 1L€ 0o¢
12
9¢ —]
p— I 22
b g 82
-t
ve | € ANINVZZ3IN
1
—
¢ ¢ bz m
b
ch f 1
ob
i b G
2y . com—

C-48A



C-49

voosmenz| T |01 | FATOE | 250 @ | a1 | sarve )
wooy 12y
+ | 0] VI YT | ORd b Y | 5% 35, AW OM) al
+ | 0 VI RNV | O * A B=1Z Ev_«am@ b
p | ol | P FIl ovd | b | 8 | 52| 2VHH0 3
AWAT obd |z Z weog 12
v | ol N AT ovd | b | G > shau -
‘H'UW % AW Log-39i0 g Mo NN £ H'HN ONINTHS
wOifmG do 19 !, 059 (D olw (4 ol ANvg Mo e rg __, Y| 52 \dwé&!ﬁv 7
SNaT deed Jn A
Y| o1 |7 WA 04 Y | 2 | g9 D0 g
0] Jodd N.B 03
blol | T3 A | Y| b e e g
al | 57 J9Ad
v | 9l N wa| o | Y| 2 | aa 0 ¢
>
Yol | somue| T2 Z | b | & | 29A73lad |
NOLLJIINOSAA 0Dd wwaa | xasun NOLLIIMDSIA AJAL ANV AANLX | gaunLxid od 48N ANV
JANLXIA SLLVM dINV1 HAd ALD DAV ‘ON WNOOY
. SdNV1 .
TR Oz lze #6&85@

“Hil. wormauns pLy] ANAIN ELva




FoL

- | ‘5d ‘ wo
Y| O1 |wmsran | O¥d |z | 1 |9z | TWH dZ
Yol | 1| o | 2z | 2 | sl | WD
ALIMWA | 0bd Z _ Waoy 1273
Yo N | ovs | |V | oo @l
MIWA [ 0bd | 2 ~ oL | weog 1y
7O N A1 | oA 14 | spay !
+ | 0] |VvIUS0AN] 0 wA ) 09 | 27220 o))
ALINVA L 0bd 2 € Wz =2
Iwy1-27 v o] S IPNM o424 + =1 gl = .m;
TAZIZ Pe | 2P0
14 o) 100- 290D P ol L Z - mMeaZ _ | O] s235007 71
ALMNWA L OPA | 2 Z CEREZE]
g 3
v ! NN A ovd | ¥ | & sy S NAWIM
TAZ 'S'd
‘M QL 1N0- ISy | ol LIA7S -MOSZ I < ol sINLe ZlI
NOLLJI¥DSJdd 003 AWAA AQ/sul1 NOILLJIIDSUA AdAL ANV JUNLXIA SAUNLXL Od qSn ANV
JUNLXIA SLLVM dINV1] UAd ALD DAV ‘ON WOO0U
SINVI
4 |22 & “ovmmdbm P woxmauns PBELI AN mava

C-50



Llat | VT opd | ¥ | 2 | Ss9 | e Zg
A . =Ho
blol | NN ovd | B el |92 PO e
HYlo | VW o ovd | Y|V o9 | 2980 0%
vilia || o | v | ¥y |o9| 27940 be
. | W 1 Q z
' oL 1po- RPN v | O Fg Mo | -msL| G G TR 4
Yol | 1| ovd | b | @ | 99| aoudo )1z
4,06 0L Lpo- FIVWND “WIZLSPANI | mS). 9 Z <)
v | Ol - WIdLspa! O -+ 4 ag ATHHC 2
o | V| O | 2 | iz | 1 | & | s v
Lo | 7| O1 sk OEl 2 | A |5y | o] gz
Insh =vs|  Obd | 2 ] VAo
1o 235 o4 - 2 gEXK Wi
v | ©l / VIALS0a) obd | 2 g 5% Jwood A3va <z
NOLLJIIOSIA 0D YMWAQ AWSUII NOLLINIDSI A AdJAL ANV JANLXLA STUNLXIA Od dsN ANV
JUANLXIL SLLVM dNV1 HAd ALD DAV ‘ON WOOY
) SV

23

12 3 HUEQ,EE

“IPLL OXEAUNS

HLLT AON  miva

C-51



+ | a1 | vihspa .m_wm 4\ 09 | 9% JHe <P
94 oL am-Fevwiz | | 01 | dAd o .\.w.mst ! o7z | Og Jore Ty
LZA205 | NI -moeat 1 9)
- 5 ANRPLS |
94 03 bno-FINEZ | Y o /Jdals [MIL b 2 g oz 14
‘94 ol Leo-39WNT | P ol L2AAws EnWQMN | 7 O\ AN IO0LS 0y
vHLsraN] O+474 - _ L

4,0~ QL LpOo- ITTWHD 14 o N HRLSeANY (S Dbd| T ] Q.V F2=30 b
PO | W A | b | LS |20 46
p | 01 | ™V T | obd .7 z |87 | Lo g
Y | ol | N AT | Obd 7 | ¥ |9 | N0 2%
+ | al | NI WT | opd & S |59 | za7dd0 S¢
Y | o1 NI | Obd Y| 2 |52 290 e
+ | ol NV | ovd Z al | 9« hodd F2

NOLLJIIIDSAA 00d AMWAA | AQ/suHd NOLLJIDSad ddAL ANV TANLXI | sganaLxid Od asn aNv

AANLXIA SLLVM dNV1] UUd ALD DAV ‘ON WOOU

SINV1

= | Z& *.nozwadbm \%\V "ORIAUNS FTLT NIN :mLva

C-52



. L2d20s [onl "maoz ] Z
4 oL Llog-asonwdo | 4 | O Laoos | Ay 5L . c A. oz | o8 149
WV/FLsnd V] ovd | ¥ =] o 0 0
1% ot sdiaLs |ms). b z < z|d i@ fm
Y | al WsnaN) Lok | Z | 8l | az | e b
SIH oL Lpo-ZROMNFZ AW 'msL] ~ al
Y| or |wed nmo [ | | gl | IS gy
‘D7 Ve AW |
sJu 9ol 100-AT0naED v | ol WA (A0 | - ool _ |+ Ol dHS L
+ | 01 | wEseaN | op4 Y | 4l s¢ | dJore 9P
SIH 21 1po-2srwyo ) ‘KW 'm5L) 1 ol ]
v | ol | LA AR - |92 doNs o
& | O pvRlsnant | Ovd | ¥ | oy | dope v
| 203s
NOILLITIDSHA 004 MWAA | xS NOLILJIIDSId AJAL ANV JUNLXII STANLXI O asn anNv
HUNLXIL SLLVA dIWV1 UL ALD DAV . 'ON WOOu
SNV
A %”wzﬁdbm L yoxmasns P56l NN mava

C-53




10d3d

S13311HOYV/SHIANIONT

400714 LSYHId - Sp¢E 1621-62 OHIIN/0005-SEELLTR)
ONIaTINg ANYY H3IAIY d3d “os ummuswn s SAVI1OZ ~ 1LINH
HUI.QIVIN m —m.
61 1 =
1 81 m 6
1)
91
vz S¢
gz 2z |9z st
ﬂ
22 _
m ¥ 62| of ’ L
E
2c] 1
ce
be
9
¢

C-54




dO0014 ANOJO3S - Sb¢
ONIA NG

10d4d

ANYY d3Ald d3Y

1621-62¢ QYL3M/000€-GEEWL1S)
226€-2019L SYX3L HLYOM 1404

S1331IHI¥V/SHIINIONT

00S! 31INS “LI3ULS NIVA 2IS MM*/N._JON -~ ._.._._ _JI

— s

m_ 8L Ll 9. m
L
08 18 €l
28 2L
oL 69
S8 b8 HOIN—}—
89
NV1d
223N
98
19
18
99
! 68
06 9
ﬁ 16 mw Jos |2

le\

C-54A



ININVZZ3IN -
oNIaing

1149

10d43d

ANGY d3JAld d3d

1621-62y QU13IN/000E-GEE(LIB) S133LIHOYY/SHIINIONT

X W
“osumsimswias SV 1OZ ~ 1LINH

=z

2 0s —
|
1
6¥
b
v
L
I
b 17
]
E J
sk
ob BE
:1
8

_ 85
1
!
_ 15
65
. 95
L
|
_ 55
¥s
L
VIS s
—— —
Ly
15 cs

C-54B




C-55

22324 v | o1 | LFAZ% RMM_& _ C a1 | sdWle |l

Flo WA Gn | S5 |05 MR o

p|ol | g eoal ame | 1| @ |og| JoHS b

o pan| V|9 | Gy | cab | | |22 |Sb| Jops @

oon | T O | g pom | | V| 2k |og | dofie L

Y| 01| g o | w1 |2t |se | TR 2

vlo| I 2|5 | [

ey | V| O | AFATES | Ao 2 o | sawis g

v ol | Tl =98 1 | gl |se| Jdops g

19| | oa | g | 5 a0 [T 2

gy | V| O | 2mAms | 24z | g sAwls |
i

W\EZQ 2= abe ﬁn”o%adg \;v:\ WORIAANS L] NON ELva




2070 @ Oiwl v | O wwm% uwm .M%@_ o | zL | ag | JoHs 2T
e o aw] V|9 el |z oy | gode 1z
e | V| OV | 2PATZ a1 2 | o] sews oz
o | B T (e e

2 0-0C @ ‘AL v | ol \mwwﬂ?wu Nw%v * ag | O Jos gl
Y| o | o Gl | | oz a2 | S3E, L

blo| oS | | e b |20, al

Y| ol | S8 won | V| el |se| TN, o

somgpy| V| 01 | 1PATee | %5, v | 2 | o1 | sZamons b

+ | ol -1LS ﬁuwm A ~ 07 YA ¢l

y | 01| wher | TH 2 | 2 |s¢ | d%s 2

Samen

2=

W\vﬁ # “wzwodbm

L woxmauns VLB L]

®

C-56



v o AW [ =[5 ] By o
| 9l | R | 0pd v | &l |99 |274do 2z¢
V|0l | Nad| o%d | b | g oy | eoude g
Y| ol (v K| ovd | b | oz | 59| JHe 02
V| a1 |\am Xed| obd Y | a9l |9g| JHs bz
& | ol |gam My | abd v | 51 |04 | JdHIS 4Z
V| al | ¥d| obd | 4 | 5. | 0G| JopHe Lz
| 01 |gvdmxaed | Opd b Z 5S¢ | UG 97
Pl ol (WM X obd | L | 8l | 59| Jong 4z
v O NG| Opd | p | 9 | SY | Jone bz
Ylot| Tk 2| 1 | obt |oF | dete <z

NOIOSA 003 AL | RS | s1ava awv T -l IR ‘oN OO

T Zhey o

“IP)l L. doxzAuNS SLLT ANON amwva

C-57



b or PUITA ova | v | 2 | 5% |20 4y

y Lo M3l oy | 3 | 2 | op 27240 2p| ©

b o [N opq |y | o1 |sg | TReg, 1

Yot | | obd | B | 2 || annuen O

Vol | N obd | H | 2 | ob | 27240 be

v | 0] NN oA \W 1 ag | #2840 a¢ -
Ss272¢ N &N&%& L2 )

Yo | F2ND W= | g |09 Jops 9%
osimaw| V| ° Hmm ﬂmﬁ .wm%c.v L v S K@Mvﬂmn,_xzzhww a¢

4 | 01 |swascam| 5 2 | a1 | &g

blot | B2 W L ol | S| sigvd e

NOILJIIOSIA 0D

AMWRA

AW/SUH

NOILLJIIIOSUd
JUANLXTA

JddAL ANV
SLLVM dIAVT]

AUNLXLI
- umd
SAWV'

STANLXII
ALD

o X
‘DAV

asn ANV
‘ON WOOd

> U\vﬂ#"ozwaﬂbm

— L. woxIAauns Db .\/02 ALVA




POl | NEXNT ok | Y | 1 |0 | spawem G4
|01 | T obd | | 1 og | TR 74
S I LaA7aS .WU\S N Z Ol ﬁq\mweg Y9
vlo || oxa | ¥ |2 |ov| B g
blol | NI N opd | b | ¢z |03 |PH0 04
Y| ol | v oAV | obd y | z |98 |20 b
Yol | M N ovd | b | Zz | 98 |2o030 2
+ | 0] N N OP4 Y ) og |A7ddo L
4 | ol NLJT abd | b ¢ |ag | 2440 9
v ol | a1l ovd |4 |z | 0| PN sy
b o "ol ovd | v |z |sg | Popdo
NOILINOSIA 003 WA | RS | | shiva dhev T B ‘ol WoOH

A . MoxTAUNS bbb| NON ELva

C-59




C-60

ooy | V| 01| AFA2Z | DAL | g | b9
Yl al | N 1| obd w 2 og | A0 £
Y {al | vy | opd Yy | ¥ |og |27 29
ol | v | o¥d | ¥ | b |og|ooHa0 9
+ | al \/BN 4| oy ﬁ * ag | 78B40 g9
POl VT | O3 | b | 9 |oa |PRSS g
Y| ol | M RYT | Obd Y| T |eg| F7Hde g¢
Y| ol | MV | apd v | Z og | 27247 g
b ol [T [ ova | 3 | 2 | o | PP 45
P ol | NN | Obd * Z | oe| P 4
+ | ol Ny AT | opA .v ¢ | 0¢ ™H  va
3'A Sbe# uoz..aasm “H \r MOXIAANS HLLT NN aLva




¥ | ol Mw_ﬂ“w QD\W.M W M ag SMMW% )
p|al [P TEN A | a1 |ee | dons b
blot| vl | obd | v |9¢ |og| T <L
v | | 2R ||zl oL | Jops 2L
o wan| 7| O e [ (s | gape
s men| T OU | V| ovd | B | b |81 |272d0 oL
| vl | v ara | b [z s om0
P on | M opd | 2 | LY |0 | SRSa 97
ol |HRTRS L L 1| 8 |ad | dope L9
3 | o1 [sWrLs0an] | 03 \v 2 Oy | rovden o9
b | o1 swasant | opd | b | oy |sb | Jae o)
v
2 SPe & ncvwodbm —1IM_L woxmauns P HLT AN mwva

C-61



HY NAo

.1 .S

t | o1 svg B9 | cmooal g1 |0V |dple 94
plol |l Y L | el | S | dope a8
v o |8 e | V| e |0y | doie V8
Yool | 7 o e | b1 | ob | Jope <8
V|01 | e |y | 1| b1 | se | Jore 23
plot | e W hhy | V| . |se| Jote g
Y| |0 o | B | 1 |ee |ob | dJope g
19| | el 2| 5 |09 |MEy w
b | or PR R 1 |2z |sg | dotis e
sorve Wlaw [ IR | 9 mew WM%% B\WQNM_ ~ al 0 JoHe  LL
polol | PN e | 1| a1 |09 | dows as
cowmesecor | o s | vogangne | gy s | cungu || s

23 S9ve 2 “wvwodbm

- \JVF MoXIAANS -pobl AN mLva

C-62



SN doaq

R L e B = A B TR B T
AINYA | 0P Z ] waood
T TN | oy | 2 | 9 [P i @b
ALIVVA ovd. | Z ]
v | O NN opd |z | 9 |98 Lazy b
V|01 | svg moq ..MQ.M\* 122 |4¢| Jopis b
’ .S L
ww Lo vy | V|01 | ave o1 hay | 1| @2 | G¢ | dove op
"HW Lo VIR 3 | ol La3Aws  |'sy ‘Moz I Z 5¢
‘H'w L, 3wNBIY /g 0] AN MO I BT
o] | H o | HW _,
v | ol o pomt | ool | 1| @2 | 4z | Jons b
. .2 4
b |01 | Lawos | ooz || v | &z
193y Mo | H'W
v | Ol A vg B | - moool f, zl ac Jote 89
4820 (Najo AW ;
‘HHW Lo 3¥Yag % 7l rvg Mo | mood _ vy | 0¥ JdHis LG
NOLLJI¥OSAA 004 MAWAQ | xa/sun NOIJJIIDSIa JdAL ANV JUNLXIA STANLXI o asn anv
HANLXIL SLLVM dJINV'T plict:{ ALD DAV ‘ON WOOU
SAWVT

2'a ad¢ ¥ NGNS

TIPL woxaauns  Hob] AON aLva

C-63



HLNOS B HLYON 12b 10d3d 1621-62F ONIIN/000C-SEEWLTR) S193LIHOHY/SHIINIONG

C-64

9NIQIINg ANHY H3IAIY 3d3Y “oa s e e SAV110Z ~ 1LINH
—— ON3 HLNOS Y0074 4ST
1474 2174 174
14 HO3IW
L€ b AV
Lb
] C _

8¢ Ip
2¢
6¢ ce[T£]0¢ 62
82
9% . 12 <
1 mN_l
52
8b
ONJd HLYON ¥0071d +sI 400714 pu¢
27 12 61 N.Hl—\.— Gl 971 .
81 b1 6 S
e €2 :
‘. o | A5 -
02 0
L Kt bim | R K Z

® ® o




by 13as012
100 - A90NWNZ LFA7% ‘moal _ ! Ol W/ QN
+ | O |gvam s0d | o Zz |le [0V TN b
, s /o
can | V| O lgut pooa | @¥H | T | ] oy | sdlg Yg
SN2 /m
vy | V|9 law o OV | T | YV |99 | 29840 B
SN [
Ay v | o -y Hs01d O .4 1 &7 FoE40 )
SN [
ot | V| % | wea| OVE| 2 B 109 F78da 9
SNa] [ I Y
MAaN 4 al gl Nen-d v z at IZ lo2) a
dvam X4 : IV
O
M2aN .T / ‘dlW ‘anad Ob- z \VN\ 9b de=2) .W.
—_ | — bly Wood
100 - APV LIAZOS | ool | v ol ‘H2aU @
by Wwoa3
L00- FYNVPZ v | 01| MEAwos *mosl | N ol 12y
VFM X V-1
rAN V| Ol ‘A NG O E % ab 1e=a) |
NOLLJIIYDSIA 00d S amvxa | xwsun NOLLJIMDSHA dLAL ANV JYNLXI | sTUNIXIA Od asn aNv
QUNLXLI SLLVM dNV1 Hdd ALD DAV ‘ON WOOU
SdINV]
23 S-N yN\W#"oEQdDm THL woxaaans L& NN mava

C-65



V|0l | N NT| obd | z | b2 |car| 9 92
| NIM X1
+ | O1 v o | OFA T |09 |gg | JS oz
Jdyam x4
ol | IB obd | T | 8% | 57| Jong b
V2 K94
Y| Ol | o oy | OFA Z L |57 4o 3
| ol v x| 04 | Z | | | oa| pNa L
v | Ol | I xg) | Ob z 95| N 9
I 2
+ | Ol oy | OV b 9 ab | a=iddo gl
vlol | Nl omd | 2| € || by ¥l
blol | M VI avd | z | 9 |se | YWIB, e
NI R | ovd | v | | Wy 1523
+ | O1 s opd | » | = 9% | “sNawom
ooy 1o
+ | ol NMAYT| opd | b Z a9y 9&&%: 1"

NOLLJIIOSIA 0Dd

AMNXA

AW/SUH

NOILJIDSHA
JUNLXTA

ddAL ANV
SLLVM JIWV1]

JUNLXII
pltcds
SdAV1

SHANLXIA
ALD

Od
DAV

asn dNv
‘'ON WOOU

S-NI1ZV¥ p ”Uﬁoﬁbm

WL goxaauns

vobl ‘NN miva

C-66



Y ayy| msL
‘MY o Gl N0 ~29NND v | gl faksnamy 2 4 Y | ozl 221440 Z¢
"My ,O=p ol IN0-IINYHD \W a] AA\NRWBQZ\ Db \V | N og QQ-.L“_Q ﬁw
0 MSL Y
3 ovp o1 seo-zwens| T | OV | Viusnan s Y| 2 | o3 Wo og
v | Ol | vam Jagd | Ovd v _ a9 | @i bz
Y| swrpma| 4| ¥ | ¥ |97 | AOME0 g7
T by 18501

00— DO LaAzs M0 ~ ~ ol N LZ

weoy L2z
V| Ol sdlals o4 | 2 7 a4 o 7

0 ~ o Wagz 1534
2 ! SdlLs P4 | Z + | o4 Lo 97

@7&\&3 ‘\/z B Ii QQY_“ PQ«&
JoIVA DBAN  L00-DIVYHD v | Ol Avd mor ‘Mmo5Z _, aL al Ay A

% %
ol || ow | z | 9z |aL P¥/ue <z
v | a1 |avisean| 9L - 2 | ag | Jdone 2z
100- A9ONWHD Ab
NOILJTUDSAA 00d MM/ AQ AQ/SUH NOLIJIDSHd AdAL ANV AUNLXIA STANLXIed ol dsn ANV
JUANLXTA SLLVA JWVT] plic i ALD DAV ‘ON WOOu1
SdNV1]

<s-\N 125 4 “ozwaﬁbm

“IHL woxmauns  HLpl AN mLva

C-67




‘wa 1sa2)

plol | Mo okd | Y| | Of | rewem EF
v | 01 NN o4 | Y | 22 | b &mmﬂwm& a4
+ | 0] NAVT | obd | 2 / az | seatvo] |
v ol | N obd | 2 | 2 |ob | R, oF
Yot | 2P A ovd | ¢ ry 99 | VIO bg
+ | 0) | gvam jagg | O z 2, 09 | XIS G¢
+ | Ol | NI Jy | 0 V| @ |09 | JHHe Lg
‘Mg,0-p oL 200-290WHD | 4 | O] AN mm\vskv g .H W 9 | PO ¢
v] o | Sy aa| ov2 | ¢ | vz [or] oos s
bl ol | D | ovd | 2 | ol | on| Jods pe
b | o | v %‘m obd | 2 | ¥S | 57| Jone e
NOMATIOSAA 00 AT | RS i | siavi vt | o | S0 O ‘on WOON
sany

33

S-N 1ZV4 ”ozuEabm

WL woxaauns

bl ANIN ava

C-68



d45g o | S4H
+ | o1 QBQQﬁ“&wmm Qv 4 74 Z< |0 ewleonsnr ) 47
o [ opa | Y| b |sh | 2o
SN JAm o,
4 | 0] o | ere oo o2 Yo g
_ ‘wa laag)
o
+ | al | VI AT | abA ) ¢ o Y
NOLLJINIDSAIA 004 MMAA | AQUSUH NOLIJIIDSHA ddAL ANV JUNLXIA SANNLXIA Od ~dSN ANV
JINLXIL SLLVM JINV1 UAd ALD DAV 'ON WOOU
SANV1T

= \2 Q\Wt. :ONIQTING

—2PLL. 9OoXIAUNS

..V

&bl AN miva

C-69




APPENDIX D

RECOMMENDED ECO CALCULATIONS




ECO-2:

APPENDIX D

- RECOMMENDED ECO CALCULATIONS
TABLE OF CONTENTS

Replace Existing Incandescent and Mercury Vapor Lighting ... .................. D-1
Al Summary . ... D-1
B. ECO Description ... ........ ... .. i D-1
C. DISCUSSION . .. ... . D-1
D. Savings Calculations . .......... ... ... .. .. . .. . . D-1
E. CostEstimate . ......... ... 0 i i D-7
F. Life Cycle Cost Analysis ............ ... ... ... . . ... .. D-7
References ...... e D-7
SSvings Calculations Spreadsheets ........... . ... ... ... ... ... ... ........ D-10

Replace Existing Fluorescent Lighting With Electronic Fluorescent Lighting ... ... .. D-32
Al Summary ... D-32
B. ECO Description .. ............iio i, D-32
C. Discussion .. ... ... D-32
D. Savings Calculations .......... ... .. .. .. . ..., D-33
E. Cost Estimate ......... ... ... ... ... . . .. D-37
F. Life Cycle Cost Analysis . ...... ... . . ... . . . . . . D-37
References ... ... ... . . . D-37
Savings Calculations Spreadsheets ............ ... ... .. ... ... ... ... ..... D-40




ENERGY CONSERVATION OPPORTUNITY (ECO)

ECO NO: 1

DATE: 4/14/94

ECO TITLE: Replace Existing Incandescent And Mercury Vapor Lighting

INSTALLATION: Red River Army Depot

LOCATION: Texarkana, Texas

A Summary:
Electrical Energy Savings 214901 KWH/Ar
Electrical Demand Savings 1,126 KW-mo/yr
Natural Gas Energy Penalty 369.0 MMBTU/yr
Net Energy Savings 3644 MMBTUAr
Annual Cost Savings 18,494 S$iyr
Total Investment 165,411 §
Simple Payback 89 yrs
SIR 1.65

B. ECO Description:

Remove 825 existing incandescent and mercury vapor light fixtures, and replace them with 676
new fluorescent and high pressure sodium light fixtures. The fluorescent fixtures should be
specified with electronic ballasts and T8 lamps. Locate the new light fixtures over desks or other
work tables as required to provide the design light levels at the work station in each room. This
project shall require a new lighting layout design, demolition and removal of existing fixtures, and
installation of new fixtures and associated wiring. All switching and circuitry is to remain the
same wherever possible.

Discussion:

The facility currently has numerous incandescent and mercury vapor lighting systems in it's
buildings. These existing light sources are inefficient and should be replaced with more efficient
light sources, such as fluorescent and high pressure sodium. Figure D-1 shows the existing light
sources identified during the building walk through, and the recommended replacement source for
each. New fixtures should be selected by the lighting designer, which use these replacement light
sources for each room listed in the savings calculations, on pages D-10 through D-31. Refer to
the building maps in Appendix C for room locations. The room numbers listed in the savings
calculations correspond to the room numbers on the building maps.

Savings Calculations:

The energy savings calculations were based on the existing annual lighting energy consumption
calculations, provided in Appendix B. The existing annual energy consumptions of the
incandescent and mercury vapor light fixtures were adjusted to account for the reduced number
of fixtures in some rooms, and the higher efficiency of the new fixtures to be installed.

Fixture Upgrade Factors (f): Using manufacturer's lamp data for the existing mercury and

incandescent light fixtures, as well as for the suggested replacement light fixtures, the fixture
upgrade factors were calculated in Figure D-1 as follows:

D-1




‘ . f- (input watts)y e,
(inpus watts),, ,

Figure D-1. Manufacturer’s Lamp Data And Calculated Fixture Upgrade Factors

EXIST EXIST. EXIST EXIST NEW NEW NEW NEW FIXTURE
Qry. LAMP LAMP INPUT QryY. LAMP LAMP INPUT | UPGRADE
AND LFE INTAL | WATTS AND LFE INTIAL | WATTS | FACTOR
LAMP HRS LUMENS LAMP HRS LUMENS
60W INC 1,000f 1,060 60| 18W FLUOR 20,000{ 1,250 22 0.37
100W INC 7501 1,740 100 25W FLUOR 20,000f 2,125 30 0.30
150W INC 1,000] 2,650 150 32W FLUOR 20,000 2,850 31 0.21
200W INC 7501 8,703 200] (2) 32W FLUOR | 20,000 5,700 62 0.31
300W INC 750 6,103 300] (3) 32W FLUOR | 20,000{ 8,550 88 0.29
160W MERC 12,000 2,800 192| 32W FLUOR 20,000{ 2,850 31 0.16
175W MERC 24,000] 7,950 210 100W HPS 24,000 9,500 120 0.57
250W MERC 24,000] 12,000 300 150W HPS 24,000] 16,000 180 0.60
400W MERC 24,000{ 21,000 480 200W HPS 24,000 22,000 240 0.50
1000W MERC 24,0001 57,000f 1,200 400W HPS 24,000 50,000 480 0.40

‘ Sample Calculation:  60W incandescent lamp/fixture, retrofit to 18W fluorescent lamp/fixture

From Figure D-1:
new input watts = 22
old input watts = 60

F=3BM 43
0w

With the above factors determined, the number of new light fixtures to be installed and the energy
savings for each room were calculated on the spreadsheets on pages D-10 through D-31. The
following sample calculation demonstrates the procedure followed for each room, based on data
from the ECO Data Sheets in Appendix C.
Sample Calculation:

Room #16, Building 323

Exist. fixture quantity = 40 (from data sheets in Appendix C)

Exist. fixture type = 300W incandescent (from data sheets in Appendix C)

Exist. lamp lumens = 6,103 (from Figure D-1)

New lamp lumens = 8,550 (from Figure D-1)

Fixture upgrade factor = 0.29 (from Figure D-1)




@

(®)

(©)

New fixture quantity (Q,):

Qy =0 Lo
= X
N E LN

where,
L, = exist. lamp lumens
n = new lamp lumens
Qg = existing quantity of fixtures in room
Q. = new quantity of fixtures in room

6,103
=40 x =2— = 29 fixtu
Qy X 8.550 res

Lighting Energy Savings (aE,):

AE, = E x|l -

&xf} KWH

E yr

where,
E, = exist. annual energy' = 24,960 KWH/yr

29

1-2, 0.29] - 19,712 XVWH
20

yr

AE, = 24560 x

Cooling Energy Savings (aE.):

AE, 3413 BTU H,
KWH KWH
(EER 5 1,000 watts) yr
KW

AE

c =

where,
EER? = cooling system efficiency = 7 BTU/W-hr
H.® = percentage of year in cooling operation = 0.42

19,712 (3,413) 0.42 _ 4,037 KWH

AE. =
¢ (7 x 1,000) yr

Note: (Since this building is not cooled, there are no cooling energy savings. The
above calculation is shown only to demonstrate the procedure used for buildings
which have cooling.)
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@ Heating Energy Penalty (aE,):

A, (3413 BTU)
L H
B = KWH 1 MMBTU MMBTU
" EFF, 1,000,000 BTU yr
where,

EFF* = heating system efficiency = 0.70
H,;° = percentage of year in heating operation = 0.39

_ 19712 (3413) 039 _ ,, MMBTU
0,70 x 1,000,000) yr

The results of the room by room calculations are summarized in Figure D-2 below:

- Figure D-2. Savings Calculations Summary

BLDG. QTY. LIGHT. COOLING | HEATING QTY.
NO. NEW ENERGY ENERGY ENERGY oLD
FIXTURES | SAVINGS | SAVINGS | PENALTY | FIXTURES
KWHYR KWHYR | MMBTUYR
323 100] 40,811 0 76 124
468 13 3,201 655 7 13
15 7 438 90 1 7
441 53 16,793 3,440 31 61
133 57 15,105 0 28 ' 66
245 20 8,987 1,841 17 28
315 11 3,343 0 7 12
321 90| 39,588 0 75 365
345 84| 45,995 9,422 88 84
421 50| 20,910 4,282 39 65
TOTALS: 485| 195,171 19,730 369 825




The total electrical energy savings (aE;) from the above summary are as follows:

sEy = aAE, + AE.

KWH
yr

aE, = (195,171 + 19,730) = 214,901

1214901 KWH , 3,413 BTU X 1 MMBTU | _ 733.4 MMBTU
yr KWH 1,000,000 BTU ) yr

aEp

The net energy savings (AEy) from the above summary are as follows:

aEy =aEp - AEy

MMBTU

aE, = (733.4 - 369.0) = 364.4
yr

The electrical peak demand savings (aD,) from the reduced lighting load will be as follows:

AELx 12 mos  KW-mo

aD, =
H yr yr
= 195,171 x (12) = 1,126 KW-mo
2,080 yr

The electrical peak demand cost savings (aCp) from the reduced lighting load will be as follows:

sCp = aD;, x Cp

where,
Cp = avoided cost of demand® = $5.01/KW

sCp = (1,126 x 5.01) = %

Because the total number of lamps and ballasts have been reduced by this ECO, the facility will
require less lighting maintenance. The Maintenance Cost Savings (aC,,) from this ECO are
calculated as follows:

L, Lu L}7 L, yr

xQI QM_&__Q_Q $

D-5




where,

C, = relamping cost per lamp’ = $22/lamp
H = annual lighting hours® = 2,080 hrs/yr

L = rated fluorescent lamp life’ = 20,000 hrs
L, = rated high pressure sodium lamp life'® = 24,000 hrs
L, = rated incandescent lamp life'’ = 1,000 hrs
L,, = rated mercury lamp life'> = 24,000 hrs
Qr = quantity of new fluorescent lamps = 1,015 (from Figure D-3)
Qu = quantity of exist. mercury lamps = 620 (from Figure D-3)

Qy = quantity of new high pressure sodium lamps = 293 (from Figure D-3)

Q, = quantity of exist. incandescent lamps = 214 (from Figure D-3)

The total number of each type of lamp was calculated on a room by room basis from the savings
calculation spreadsheets on pages D-9 through D-30. A summary of the results is shown in

Figure D-3 below.

Figure D-3. Lamp Quantity Summary

. BLDG. Q. ar. ary. 2

NO. EXIST. EXIST. NEW NEW
INC. MERCURY FLUOR. HPS
LAMPS LAMPS LAMPS LAMPS

323 79 45 165 39

468 22 0 19 0

15 7 0 10 0

441 17 44 35 40

133 8 58 8 49

245 28 0 38 0

315 9 3 18 2

321 21 344 687 52

345 18 66 30 66

421 5 60 5 45

TOTALS: 214 620 1,015 293

sC,, = (22) x (2,080) x 1?;(‘)‘0 R 2:%;’)0 - 2&1050 - 2:’5(’%0 - 8,094}5;

D-6




9.

Cost Estimate

The total construction and design costs for this ECO were estimated on page D-8.
Life Cycle Cost Analysis.

A life cycle cost analysis was performed on this ECO using the program Life Cycle Cost In
Design (LCCID), and data from the above calculations. From this analysis were determined the
Total Annual Cost Savings, the Savings to Investment Ratio (SIR), and the Simple Payback
Period. The summary sheet for the life cycle cost analysis is shown on page D-9. The results
of the analysis are listed in the project summary on page D-1.

REFERENCES

. From Appendix B calculations of existing annual energy consumption for this room and building.

. Reference Appendix B for cooling system efficiency calculation.
. Reference Appendix B for cooling period calculation.
. Reference Appendix B for heating system efficiency calculation.

. Reference Appendix B for heating period calculation.

See Appendix A for calculation of demand costs.

. Reference maintenance supervisor, 1 hr per lamp at labor rate of $22 per hour.

. Reference Appendix B, annual lighting period calculation.

Per Illumination Engineers Society (IES) lamp data.

10. Per IES lamp data.

11.

Per IES lamp data.

12. Per IES lamp data.
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LIFE CYCLE COST ANALYSIS SUMMARY STUDY: RRAD

ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) LCCID FY95 (92)
INSTALLATION & LOCATION: RRAD REGION NOS. 6 CENSUS: 3
< PROJECT NO. & TITLE: 03-0185-01 LIGHTING SURVEY STUDY
. FISCAL YEAR 1995 DISCRETE PORTION NAME: ECO-2
ANALYSIS DATE: 04-14-95 ECONOMIC LIFE 20 YEARS PREPARED BY: PIEPER

1. INVESTMENT

A. CONSTRUCTION COST $ 148351.
B. SIOH $ 8159.
C. DESIGN COST $ 8901.
D. TOTAL COST (1A+1B+1C) §$ 165411.

E. SALVAGE VALUE OF EXISTING EQUIPMENT $ 0.
F. PUBLIC UTILITY COMPANY REBATE $ 0.
G. TOTAL INVESTMENT (1D - 1E - 1F) $ 165411.

2. ENERGY SAVINGS (+) / COST (-)
DATE OF NISTIR 85-3273-X USED FOR DISCOUNT FACTORS OCT 1994

UNIT COST  SAVINGS ANNUAL $ DISCOUNT  DISCOUNTED
FUEL $/MBTU(1) MBTU/YR(2) SAVINGS(3) FACTOR(4) SAVINGS(5)
A. ELECT $ 7.44 733. $ 5456. 15.08 $ 82284.
B. DIST $ .00 0. $ 0. 18.57 ¢ 0.
C. RESID $§ .00 0. $ 0. 21.02 S 0.
D. NAT G $ 1.89 -369. $ -697. 18.58 $  -12958.
E. COAL $ .00 0. $ 0. 16.83  $ 0.
F. PPG $ .00 0. $ 0. 17.38 ¢ 0.
M. DEMAND SAVINGS $ 5641. 14.88 $ 83938,
, N. TOTAL 364. $  10400. $ 153264.
. 3. NON ENERGY SAVINGS(+) / COST(-)
A. ANNUAL RECURRING (+/-) $ 8094.
(1) DISCOUNT FACTOR (TABLE A) 14.88
(2) DISCOUNTED SAVING/COST (3A X 3A1l) $ 120439.
B. NON RECURRING SAVINGS(+) / COSTS(-)
SAVINGS(+) YR DISCNT DISCOUNTED
ITEM COST (-) OC  FACTR SAVINGS (+) /
(1) (2) (3) COST(-) (4)
d. TOTAL $ 0. 0.

C. TOTAL NON ENERGY DISCOUNTED SAVINGS(+)/COST(-) (3A2+3Bd4)$  120439.

4. FIRST YEAR DOLLAR SAVINGS 2N3+3A+(3Bd1l/ (YRS ECONOMIC LIFE))$ 18494.
5. SIMPLE PAYBACK PERIOD (1G/4) 8.94 YEARS
6. TOTAL NET DISCOUNTED SAVINGS (2N5+3C) $ 273703.
7. SAVINGS TO INVESTMENT RATIO (SIR)=(6 / 1G)= 1.65

(IF < 1 PROJECT DOES NOT QUALIFY)




Building 323

ROOM| EXIST. | EXIST. | EXIST. | NEW | FIXTURE | NEW | LIGHT. |COOLING | HEATING

NO. | ANNUAL | FIXTURE | FIXTURE | FIXTURE | UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. |LUMENS [LUMENS | FACTOR | QTY. |SAVINGS |SAVINGS | PENALTY
KWHAYR KWH/YR | KWH/YR | MMBTUNYR

1

2

3

4

5

5

6

6

7

8

9

10

11

12 6.240] 20 6103 | 8550 0.29 15 4,883 0 9

13

14

15

16 24,960] 40 6103 | 8550 0.29 29 19,712 0 37

16 17,4720 40 7950 | 9500 0.57 34 9,007 0 17

17 6.240| 10 6103 | 8550 0.29 8 4,792 0 9

18 624] 3 1740 | 2125 0.30 3 437 0 1

19 2| 1 1740 | 2195 0.30 1 18 0 0

20 624 2 2650 | 2850 0.21 2 493 0 1

21 a37] 1 7950 | 9500 0.57 1 188 0 0

22 624 2 2650 | 2850 0.21 2 493 0 1

23 1747) 4 7950 | 9500 0.57 4 751 0 1

24 a7l 1 2650 | 2850 0.21 1 37 0 0

SUBTOTAL, BUILDING 323 100 40,811 0 76
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Building 468

ROOM
NO.

EXIST.
ANNUAL
ENERGY
KWH/YR

EXIST.
FIXTURE
QTY.

EXIST.
FIXTURE
LUMENS

NEW
FIXTURE
LUMENS

FIXTURE
UPGRADE
FACTOR

NEW
FIXTURE
QTY.

LIGHT.
ENERGY
SAVINGS
KWH/YR

COOLING
ENERGY
SAVINGS
KWH/YR

HEATING

ENERGY

PENALTY
MMBTU/YR

3A

3B

624

6103

8550

0.29

443

10

11

12

13

14

15

17

18

68

69A

69B

70A

75

76

77

79

81




Building 468 (Continued)

NEW LIGHT. |COOLING! HEATING

ROOM | EXIST. EXIST. | EXIST. NEW FIXTURE
ENERGY | ENERGY

FIXTURE | FIXTURE | FIXTURE | UPGRADE | FIXTURE | ENERGY

NO. | ANNUAL
ENERGY | QTY. |LUMENS |LUMENS | FACTOR QTY. |SAVINGS | SAVINGS | PENALTY
KWH/YR KWH/YR | KWH/YR { MMBTU/YR

349 71 1

499 2 2120 2125 0.30 2

D-12




Building 468 (Continued)

ROOM | EXIST. EXIST. EXIST. NEW FIXTURE NEW LIGHT. |COOLING| HEATING
NO. | ANNUAL | FIXTURE | FIXTURE | FIXTURE | UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. |LUMENS |LUMENS | FACTOR QTY. | SAVINGS | SAVINGS | PENALTY
KWH/YR KWH/YR | KWH/YR | MMBTU/YR
1 2120 2125 0.30 1 22 0 0
2 2120 2125 0.30 2 582 0 1
1 6103 8550 0.29 1 369 0 1




Building 468 (Continued)

ROOM| EXIST. | EXIST. | EXIST. | NEW | FIXTURE | NEW | LIGHT. |COOLING]| HEATING

NO. | ANNUAL | FIXTURE | FIXTURE | FIXTURE | UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. |LUMENS |LUMENS | FACTOR | QTY. |SAVINGS | SAVINGS | PENALTY
KWH/YR KWH/YR | KWHAYR |MMBTUYR

55

56

57

59

59

60

61 499 2 2120 | 2125 0.30 2 349 0 1

62

63 499| 2 2120 | 2125 0.30 2 349 0 1

64 1,040 2 6103 | 8550 0.29 2 738 0 1

65

66

67

67

SUBTOTAL,BUILDING 468 17 4110 0 8




Building 15

ROOM
NO.

EXIST.
ANNUAL
ENERGY
KWH/YR

EXIST.
FIXTURE
QTY.

EXIST.
FIXTURE
LUMENS

NEW
FIXTURE
LUMENS

FIXTURE
UPGRADE
FACTOR

NEW
FIXTURE
QTY.

LIGHT.
ENERGY
SAVINGS
KWH/YR

COOLING
ENERGY
SAVINGS
KWH/YR

HEATING

ENERGY

PENALTY
MMBTU/YR

11

12

14

15

16

18

52

3703

5700

0.31

36

19

20

21

22

23

13

1060

1250

0.37

24

24A

25

26

27

27

28

29




Building 15 (Continued)

ROOM
NO.

EXIST.
ANNUAL
ENERGY
KWH/YR

EXIST.
FIXTURE
QTY.

EXIST.
FIXTURE
LUMENS

NEW
FIXTURE
LUMENS

FIXTURE
UPGRADE
FACTOR

NEW
FIXTURE
QTY.

LIGHT.
ENERGY
SAVINGS
KWH/YR

COOLING
ENERGY
SAVINGS
KWH/YR

HEATING

ENERGY

PENALTY
MMBTU/YR

30

30A

31

32

33

34

35

36

37

38

40

40A

41

42

104

3703

5700

0.31

72

15

43

44

45

46

47

49

50

416

1740

2125

0.30

291

51

52

53

54

55
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Building 15 (Continued)

ROOM
NO.

EXIST.
ANNUAL
ENERGY
KWH/YR

EXIST.
FIXTURE
QTY.

EXIST.
FIXTURE
LUMENS

NEW
FIXTURE
LUMENS

FIXTURE
UPGRADE
FACTOR

NEW
FIXTURE
QTY.

LIGHT.
ENERGY
SAVINGS
KWH/YR

COOLING
ENERGY
SAVINGS
KWH/YR

HEATING

ENERGY

PENALTY
MMBTU/YR

56

56A

57

57A

58

59

60

61

62

63

39

2650

2850

0.21

31

64

65

66

67

67A

SUBTOTAL.BUILDING 15

438

90




Building 441

ROOM
NO.

EXIST.
ANNUAL
ENERGY
KWH/YR

EXIST.
FIXTURE
QTY.

EXIST.
FIXTURE
LUMENS

NEW
FIXTURE
LUMENS

FIXTURE
UPGRADE
FACTOR

NEW
FIXTURE
QTY.

LIGHT.
ENERGY
SAVINGS
KWH/YR

COOLING
ENERGY
SAVINGS
KWH/YR

HEATING

ENERGY

PENALTY
MMBTU/YR

208

1740

2125

0.30

146

30

26

1740

2125

0.30

18

10

10

11

12

12

13

13

14

14

15

16

7,426

17

7950

9500

0.57

15

3,601

756

16

17

6,552

15

7950

9500

0.57

13

3,315

679

18

2,621

7950

9500

0.57

1,127

231

19

2,621

7950

9500

0.57

1,127

231

20

21

9,360

15

6103

8550

0.29

11

7,369

1,509

14
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Building 441 (Continued)

ROOM | EXIST. EXIST. | EXIST. NEW | FIXTURE | NEW LIGHT. |COOLING| HEATING
NO. | ANNUAL | FIXTURE | FIXTURE | FIXTURE | UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. |LUMENS |LUMENS| FACTCOR QTY. | SAVINGS | SAVINGS | PENALTY
KWH/YR KWH/YR | KWH/YR | MMBTU/YR
22
23
24
SUBTOTAL,BUILDING 441 53 16,793 | 3,440 31




Building 133

ROOM | EXIST. | EXIST. | EXIST. | NEW | FIXTURE | NEW | LIGHT. |COOLING | HEATING
NO. | ANNUAL | FIXTURE | FIXTURE | FIXTURE | UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. |LUMENS | LUMENS | FACTOR | QTY. |SAVINGS |SAVINGS | PENALTY
KWHYR KWH/YR | KWHYR |MMBTUYR
1
2 s12| 1 2650 | 2850 0.21 1 246 0 0
3
3
4
5
5
6
7 25,334] 58 7950 | 9500 0.57 49 | 13,134 0 25
7 2184 7 2650 | 2850 0.21 7 1,725 0 3
8
9
10
10
11
SUBTOTAL, BUILDING 133 57 15,105 0 28
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Building 245

ROOM
NO.

EXIST.
ANNUAL
ENERGY
KWH/YR

EXIST.
FIXTURE
QTY.

EXIST.
FIXTURE
LUMENS

NEW
FIXTURE
LUMENS

FIXTURE
UPGRADE
FACTOR

NEW
FIXTURE
QTY.

LIGHT.
ENERGY
SAVINGS
KWH/YR

COOLING
ENERGY
SAVINGS
KWH/YR

HEATING

ENERGY

PENALTY
MMBTU/YR

624

2650

2850

0.21

493

101

10

11

12

832

3703

5700

0.31

574

118

12

13

3,744

3703

5700

0.31

2.970

608

14

15

16

18

19

20

21

22

22

23

6,240

15

3703

5700

0.31

10

4,950

1.014

23

23

23

24

SUBTOTAL, BUILDING 245

20

8,987

1,841

17
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Building 315

ROOM
NO.

EXIST.
ANNUAL
ENERGY
KWH/YR

EXIST.
FIXTURE
QTY.

EXIST.
FIXTURE
LUMENS

NEW
FIXTURE
LUMENS

FIXTURE
UPGRADE
FACTOR

NEW
FIXTURE
QTY.

LIGHT.
ENERGY
SAVINGS
KWH/YR

COOLING
ENERGY
SAVINGS
KWH/YR

HEATING

ENERGY

PENALTY
MMBTU/YR

52

3703

5700

0.31

36

10

11

1,248

6103

8550

0.29

12

13

14

14

15

16

16

17

1,248

3703

5700

0.31

990

18

19

20

21

22

23

832

3703

5700

0.31

574

24

874

7850

9500

0.57

376

24

25
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Building 315 (Continued)

ROOM | EXIST. EXIST. | EXIST. NEW FIXTURE NEW LIGHT. |COOLING| HEATING
NO. | ANNUAL | FIXTURE | FIXTURE | FIXTURE | UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. |LUMENS |LUMENS | FACTOR QTY. | SAVINGS | SAVINGS | PENALTY
KWH/YR KWH/YR | KWH/YR | MMBTU/YR
26
27
28
29
30 399 1 2800 2850 0.16 1 335 0 1
31 208 1 1740 2125 0.30 1 146 0 0
SUBTOTAL,BUILDING 315 11 3,343 0 7
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‘ Building 321

ROOM | EXIST. EXIST. | EXIST. NEW FIXTURE NEW LIGHT. |COOLING | HEATING
NO. | ANNUAL | FIXTURE | FIXTURE | FIXTURE | UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. |LUMENS |LUMENS| FACTOR QTY. | SAVINGS | SAVINGS | PENALTY

KWH/YR KWH/YR | KWH/YR | MMBTU/YR
1
2
3
4
5
6
6 254,502 255 6103 8550 0.29 183 201,607 0 383

6103 8550 0.29 3 886 0 2
6103 8550 0.29 3 886 0 2
6103 8550 0.29 1 205 0 1
6103 8550 0.29 1 37 0 0
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Building 321 (Continued)

ROOM
NO.

EXIST.
ANNUAL
ENERGY
KWH/YR

EXIST.
FIXTURE
QTy.

EXIST.
FIXTURE
LUMENS

NEW
FIXTURE
LUMENS

FIXTURE
UPGRADE
FACTOR

NEW
FIXTURE
QTy.

LIGHT.
ENERGY
SAVINGS
KWH/YR

COOLING
ENERGY
SAVINGS
KWH/YR

HEATING
ENERGY
PENALTY

MMBTU/NR

22

23

23

24

24

25

25

2,080

6103

8550

0.29

1,597

26

26

27

28

2,184

6103

8550

0.29

1,677

29

30

31

32

33

34

35

36

37

38

39

39

40

41

41

2,496

6103

8550

0.29

1,808

42

8,736

20

6103

8550

0.29

15

6,836

13
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Building 321 (Continued)

ROOM| EXIST. | EXIST. | EXIST. | NEW | FIXTURE | NEW | LIGHT. |COOLING| HEATING

NO. | ANNUAL | FIXTURE | FIXTURE | FIXTURE | UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. |LUMENS |LUMENS | FACTOR | QTY. |SAVINGS | SAVINGS | PENALTY
KWHAYR KWH/YR | KWHYR |MMBTUYR

43

44

45

45 4368] 10 6103 | 8550 0.29 8 3,355 0 6

46

47 40934] 41 21000 | 22000 0.50 40 20,966 0 40

48

48 4368 10 7950 | 9500 0.57 9 2,127 0 4

49

50

50

51 1310 3 7950 | 9500 0.57 3 563 0 1

51 832 2 3708 | 5700 0.31 2 574 0 1

SUBTOTAL,BUILDING 321 90 39,588 0 75
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Building 345

ROOM | EXIST. EXIST. EXIST. NEW FIXTURE NEW LIGHT. |COOLING| HEATING
NO. | ANNUAL | FIXTURE | FIXTURE | FIXTURE | UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY QTY. |LUMENS | LUMENS | FACTOR QTY. |SAVINGS | SAVINGS | PENALTY
KWH/YR KWH/YR | KWH/YR | MMBTU/YR
1 832 2 3703 5700 0.31 2 574 118 1
2 3703 5700 0.31 2 574 118 1
2 3703 5700 0.31 2 574 118 1
2 3703 5700 0.31 2 574 118 1
2 3703 5700 0.31 2 574 118 1
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Building 345 (Continued)

ROOM| EXIST. EXIST. | EXIST. NEW FIXTURE NEW LIGHT. |COOLING| HEATING
NO. | ANNUAL | FIXTURE | FIXTURE | FIXTURE | UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY QTY. |LUMENS | LUMENS | FACTOR QTY. |SAVINGS | SAVINGS | PENALTY
KWH/YR KWH/YR | KWH/YR | MMBTU/YR

51

51A 52 2 1740 2125 0.30 2 36 7 0

52

53

54

55

56

57 .

58

59

60

61

62

63

64 832 4 1740 2125 0.30 4 582 119 1

65

66

67

68

69

70

71

72

73

74

75

75
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Building 345 (Continued)

ROOM
NO.

EXIST.
ANNUAL
ENERGY
KWH/YR

EXIST.
FIXTURE
QTy.

EXIST.
FIXTURE
LUMENS

NEW
FIXTURE
LUMENS

FIXTURE
UPGRADE
FACTOR

NEW
FIXTURE
QTy.

LIGHT.
ENERGY
SAVINGS
KWH/YR

COOLING
ENERGY
SAVINGS
KWH/YR

HEATING

ENERGY

PENALTY
MMBTU/YR

76

77

24,960

10

57000

50000

0.40

12

12,979

2,658

25

78

79

79

81

82

®

&

87

89

89

27,955

28

21000

22000

0.50

27

14,477

2,965

28

89

832

3703

5700

0.31

574

118

90

27,955

28

21000

22000

0.50

27

14,477

2,965

28

91

92

92

93

93

94

SUBTOTAL,BUILDING 345

84

45,995

9,422

88




Building 421

ROOM
NO.

EXIST.
ANNUAL
ENERGY
KWH/YR

EXIST.
FIXTURE
QTY.

EXIST.
FIXTURE
LUMENS

NEW
FIXTURE
LUMENS

FIXTURE
UPGRADE
FACTOR

NEW
FIXTURE
QTY.

LIGHT.
ENERGY
SAVINGS
KWH/YR

COOLING
ENERGY
SAVINGS
KWH/YR

HEATING
ENERGY
PENALTY

MMBTU/YR

312

2650

2850

0.21

246

50

52

1740

2125

0.30

36

8A

10

26

1740

2125

0.30

18

11

12

12

13

14

15

16

17

18

19

20

21

22

24

24

37,440

60

12000

16000

0.60

45

20,592

4,217

39
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Building 421 (Continued)

ROOM
NO.

EXIST.
ANNUAL
ENERGY
KWH/YR

EXIST.
FIXTURE
QTY.

EXIST.
FIXTURE
LUMENS

NEW
FIXTURE
LUMENS

FIXTURE
UPGRADE
FACTOR

NEW
FIXTURE
QTy.

LIGHT.
ENERGY
SAVINGS
KWH/YR

COOLING
ENERGY
SAVINGS
KWH/YR

HEATING

ENERGY

PENALTY
MMBTU/NYR

25

26

27

26

1740

2125

0.30

18

28

29

30

31

32

33

34

35

36

36

37

38

39

40

41

42

43

44

45

46

47

48

SUBTOTAL, BUILDING 421

50

20,910

4,282

39

D-31




ENERGY CONSERVATION OPPORTUNITY (ECO)

ECO NO: 2

DATE: 4/14/94

ECO TITLE: Replace Existing Fluorescent Lighting With Electronic Fluorescent Lighting

INSTALLATION: Red River Army Depot

LOCATION: Texarkana, Texas

A Summary:
Electrical Energy Savings 539,071 KWH/yr
Electrical Demand Savings 2,694 KW-mo/yr
Natural Gas Energy Penalty 915.0 MMBTU/yr
Net Energy Savings 9248 MMBTUAT
Annual Cost Savings 30,980 $/yr
Total Investment 206,512 $
Simple Payback 6.6 yrs
SIR 221

B. ECO Description:

Remove 441 fluorescent light fixtures from overlit areas, listed in the data sheets in Appendix C.
Remove existing magnetic ballasts and T12 lamps in all remaining fluorescent light fixtures and
replace them with new electronic ballasts and T8 lamps. The total number of fixtures affected
by this ballast and lamp retrofit is 2,873. These remaining upgraded fluorescent fixtures are
referred to as 'new fixtures' in the following calculations.

Discussion:

The facility currently has much fluorescent lighting in it's buildings. These existing light fixtures
typically have the T12 lamps and standard magnetic ballasts. Also, many areas were found to be
overlighted, when compared to the Illumination Engineers Society (IES) design light levels.
The existing fixtures should be upgraded with new felectronic ballasts and T8 lamps. These

newer ballasts and lamps are more efficient and use less energy. Also, in areas which are
currently overlighted, the quantity of fixtures should be reduced.
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Savings Calculations:

The energy savings calculations were based on the existing annual lighting energy consumption
calculations, provided in Appendix B. The existing annual energy consumptions of the
fluorescent light fixtures were adjusted to account for the reduced number of fixtures in some
rooms, and the higher efficiency of the upgraded 'mew fixtures' with electronic ballasts and T8
lamps. These calculations were performed on both 4' and 8' fluorescent light fixtures.

Fixture Upgrade Factors (f):

_ (ballast input watts)

s (ballast input watts),,,

where,
(ballast input watts)yew = 62 watts (for two F32T8, 4' lamps)'

= 110 watts (for two F96T8, 8' lamps)>
(ballast input watts),, , = 96 watts (for two F40T12, 4' lamps)®
= 180 watts (for two F96T12, 8' lamps)*

f=02W 064 @& fiztures)

F=Q0M _ 561 (@ fxtures)

With the above factors determined, the number of existing light fixtures to be upgraded and the
energy savings for each room were calculated on the spreadsheets on pages D-40 through D-64.
The following sample calculation demonstrates the procedure followed for each room, based on
data from the ECO Data Sheets in Appendix C.

Sample Calculation:  Room #83, Building 468
Exist. fixture quantity = 3, four foot fixtures (from data sheets)
Exist. light level = 100 fc (from data sheets)
New design light level = 50 fc (from IES charts)

(a) New fixture quantity (Q,):

fe
Qy =ng}£

where,
fc, = new design footcandles from IES charts
fc, = existing footcandles measured, from data sheets
Q; = existing quantity of fixtures in room
Qx = new quantity of fixtures in room
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(b)

©)

where,

d

where,

50
=3 x — = 2 fixtures
O 100
Lighting Energy Savings (aE,):
AE, =E x|l - & xf i/
Q; yr

‘where,

E, = exist. annual energy’ = 1,198 KWH/yr
f = fixture upgrade factor for 4' fixtures = 0.64 (see above calculation)

1 - %x 0.64J - 687 XVWH

AE, = 1,198 x
yr

Cooling Energy Savings (aE.):

3413 BTU H

C
KWH KWH
1,000 wans] yr

AEL(

aE, =
(EER x

EER® = cooling system efficiency = 7 BTU/W-hr
H.” = percentage of year in cooling operation = 0.42

_ 687 (3,413) 042 _ |, KWH

N
¢ (7 x 1,000) yr

Heating Energy Penalty (aE,,):

L. (3413 BTU)
WE. -\ KWH )" = 1MMBTU MMBTU
# EFF, 1,000,000 BTU yr

EFF® = heating system efficiency = 0.70
H,’ = percentage of year in heating operation = 0.39

_ _687 (3413) 0.39 _ | MMBTU
H

(0.70 x 1,000,000) yr
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The results of the room by room calculations are summ arimdwdamd)-4 below:

Figure D-4. Savings Calculations Summary

BLDG. QTy. LIGHT. | COOLING | HEATNG | Gm nm QTy.
NO. NEW | ENERGY | ENERGY | ENERGY | NOW o0& oLD
FIXTURES | SAVINGS | SAVINGS | PENALTY | LAmSS /S | LAMPS

KWHYR | KWHYR | MVBTUYR ﬁ

323 346 51,645 0 98 : 1,380

468 539 106,441 21,792 216 2,352

15 369| 179,697| 16,319 151 1,698

441 143| 21,739 4,453 41 558

133 39 6,532 0 13 130

245 166] 18,122] 38,710 33 442

315 139 24,061 0 45 562

- 321 208 32,286 0 63 996

345 357| 66,041 13,522 141 1,466

421 567| 60,356] 12,355 114 1,436

TOTALS: 2,873 466,920 72,151 915 11,020

The total electrical energy savings (aE;) from the above summamasfollows:

sEg

aEp = aE; + AE,

_ [539.071 KWH _ 3,413 BTU

AEp = (466,920 + 72;151) = 539,071 ==

1 MMBTU

MMBTU

yr

KWH

1,000,000

=3

The net energy savings (aE,) from the above summary are as%ilim

AE, = (1,839.8 - 915.0)

= 9248 ——

>




The electrical peak demand savings (aD,) from the reduced lighting load will be as follows:

AE
ADL=—£JC 12 mos
H yr

where,
H = annual hours of lighting operation'® = 2,080 hrs/yr

L = 466920 | 15 - 2,694 KW-mo
2,080 yr

The electrical peak demand cost savings (aC,) from the reduced lighting load will be as follows:
aCp = aD; x Cp

where,
Cp = avoided cost of demand'' = $5.01/KW

$13,497

aCp = (2,694 x 5.01) =
yr

Because the total number of lamps and ballasts have been reduced by this ECO, the facility will
require less lighting maintenance. The Maintenance Cost Savings (aC,,) from this ECO are
calculated as follows:

H
aC, =C, x T X Loy ~ Lygw
L

where,
C, = relamping cost per lamp'? = $24/lamp
H = annual lighting hours™ = 2,080 hrs/yr
L, = rated lamp life'* = 20,000 hrs
LoLp = quantity of existing lamps = 11,020
Lyew = quantity of new lamps = 8,807

2,080

$
Cy, =24
aC,, X 20

x (11,020 - 8,807) = 5,524 —
yr
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E Cost Estimate
' The total construction and design costs for this ECO were estimated on page D-38.

F. Life Cycle Cost Analysis.

A life cycle cost analysis was performed on this ECO using the program Life Cycle Cost In
Design (LCCID), and data from the above calculations. From this analysis were determined the
Total Annual Cost Savings, the Savings to Investment Ratio (SIR), and the Simple Payback
Period. The summary sheet for the life cycle cost analysis is shown on page D-39. The results
of the analysis are listed in the project summary on page D-32.

REFERENCES

1. Based on Sylvania manufacturer's data for electronic ballast and T8 lamp combinations.

2. Based ofi" Sylvania manufacturer's data for electronic ballast and T8 lamp combinations.

3. Based on Advance manufacturer's data for magnetic ballast and T12 lamp combinations.

4. Based on Advance manufacturer's data for magnetic ballast and T12 lamp combinations.
‘ 5. From Appendix B calculations of exist annual lighting energy for this room and building.

6. Reference Appendix B for cooling system efficiency calculation.

7. Reference Appendix B for cooling period calculation.

8. Reference Appendix B for heating system efficiency calculation.

9. Reference Appendix B for heating period calculation.

10. See Appendix B for annual lighting period calculations.

11. See Appendix A for calculation of demand costs.

12. Reference maintenance supervisor, 1 hr per lamp at labor rate of $22 per hour, plus $2.00 lamp cost.

13. Reference Appendix B for annual lighting period calculations.

14. Per Sylvania lamp manufacturer's data.
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LIFE CYCLE COST ANALYSIS SUMMARY STUDY: RRAD

ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) LCCID FY95 (92)
INSTALLATION & LOCATION: RRAD REGION NOS. 6 CENSUS: 3
- PROJECT NO. & TITLE: 03-0185-01 LIGHTING SURVEY STUDY
‘ FISCAL YEAR 1995 DISCRETE PORTION NAME: ECO-1
ANALYSIS DATE: 04-14-95 ECONOMIC LIFE 20 YEARS PREPARED BY: PIEPER

1. INVESTMENT

A. CONSTRUCTION COST $ 185212.
B. SIOH $ 10187.
C. DESIGN COST $ 11113.
D. TOTAL COST (1A+1B+1C) § 206512.

E. SALVAGE VALUE OF EXISTING EQUIPMENT $ 0.
F. PUBLIC UTILITY COMPANY REBATE $ 0.
G. TOTAL INVESTMENT (1D - 1E - 1F) $ 206512.

2. ENERGY SAVINGS (+) / COST (-)
DATE OF NISTIR 85-3273-X USED FOR DISCOUNT FACTORS OCT 1994

UNIT COST  SAVINGS ANNUAL $ DISCOUNT DISCOUNTED
FUEL $/MBTU(1) MBTU/YR(2) SAVINGS(3) FACTOR(4) SAVINGS(5)
A. ELECT $ 7.44 1840. $ 13688. 15.08 $  206417.
B. DIST $ .00 0. $ 0. 18.57 S 0.
C. RESID $ .00 0. $ 0. 21.02 $ 0.
D. NAT G $ 1.89 -915, $ -1729. 18.58 $  =-32131.
E. COAL $ .00 0. $ 0. 16.83 S 0.
F. PPG $ .00 0. $ 0. 17.38 S 0.
M. DEMAND SAVINGS $  13497. 14.88 $  200835.
. N. TOTAL 925, $  25456. $ 375121.
'.3. NON ENERGY SAVINGS(+) / COST(-)
A. ANNUAL RECURRING (+/-) $ 5524.
(1) DISCOUNT FACTOR (TABLE A) 14.88
(2) DISCOUNTED SAVING/COST (3A X 3A1l) $ 82197.
B. NON RECURRING SAVINGS(+) / COSTS(-)
SAVINGS(+) YR DISCNT DISCOUNTED
ITEM COST (-) OC  FACTR SAVINGS (+) /
(1) (2) (3) COST(-) (4)
d. TOTAL $ 0. 0.
C. TOTAL NON ENERGY DISCOUNTED SAVINGS (+)/COST(-) (3A2+3Bd4)$ 82197.
4. FIRST YEAR DOLLAR SAVINGS 2N3+3A+(3Bdl/ (YRS ECONOMIC LIFE))$ 30980.
5. SIMPLE PAYBACK PERIOD (1G/4) 6.67 YEARS
6. TOTAL NET DISCOUNTED SAVINGS (2N5+3C) $  457318.
7. SAVINGS TO INVESTMENT RATIO (SIR)=(6 / 1G)= 2.21

(IF < 1 PROJECT DOES NOT QUALIFY)

\.
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Building 323

ROOM| EXIST. | EXIST. | EXIST. | NEW | FIXTURE | NEW | LIGHT. |COOLING | HEATING
NO. | ANNUAL |FIXTURE | LIGHT | LIGHT |UPGRADE |FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. | LEVEL | LEVEL | FACTOR | QTY. |SAVINGS |SAVINGS | PENALTY
KWHIYR FC FC KWHNYR | KWH/YR |MMBTU/YR
1 75878 190 15 15 0.64 190 | 27,316 0 52
2 1507| 4 50 50 0.64 4 575 0 1
3 7,188 18 60 60 0.64 18 2,588 0 5
4 2005| 15 35 15 0.64 7 2,100 0 4
5 1797 9 45 20 0.64 4 1,286 0 2
5 2000 1 45 20 0.64 1 72 0 0
6 s99| 2 50 20 0.64 1 271 0 1
6 200 1 50 20 0.64 1 72 0 0
7 790| 4 25 10 0.64 2 543 0 1
8 2000 1 35 35 0.64 1 72 0 0
9 200 1 35 35 0.64 1 72 0 0
10 9585] 24 50 50 0.64 24 3,451 0 7
11 9585 24 50 50 0.64 24 3,451 0 7
12
13
14 13578| 34 25 25 0.64 34 4,888 0 9
15 13578] 34 25 25 0.64 34 4,888 0 9
16
16
17
18
19
20
21
22
23
24
SUBTOTAL, BUILDING 323 346 51,645 0 98
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Building 468

ROOM | EXIST. EXIST. EXIST. NEW FIXTURE NEW LIGHT. |COOLING| HEATING

NO. | ANNUAL [ FIXTURE | LIGHT LIGHT [UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY

ENERGY QTY. LEVEL LEVEL | FACTOR QTY. | SAVINGS | SAVINGS | PENALTY

KWH/YR FC FC KWH/YR | KWH/YR | MMBTU/YR

3A 1,597 4 70 70 0.64 4 575 118 1
3B 2,396 6 70 70 0.64 6 863 177 2
4 3,195 8 65 65 0.64 8 1,150 235 2
5 2,396 6 65 65 0.64 6 863 177 2
5A 998 5 15 15 0.64 5 359 74 1
6 799 2 30 30 0.64 2 288 59 1
6A 3,594 12 45 45 0.64 12 1,294 265 2
K 3,195 8 50 50 0.64 . 8 1,150 235 2
10 399 2 75 10 0.64 1 271 55 1
11 399 2 75 10 0.64 1 271 55 1
12 1,997 5 85 10 0.64 1 1,741 357 3
13 3,994 10 50 15 0.64 3 3,227 661 6
14 799 4 30 10 0.64 2 543 111 1
15 200 1 25 10 0.64 1 72 15 0
17 1,997 5 100 10 0.64 1 1,741 357 3
18 1,597 8 15 10 0.64 6 830 170 2
68 4,792 12 65 15 0.64 3 4.025 824 8
69A 1,697 4 80 75 0.64 4 575 118 1
698 1,597 4 80 75 0.64 4 575 118 1
70A 799 2 90 50 0.64 2 288 59 1
75 1,697 4 75 50 0.64 3 830 170 2
76 1,198 3 80 50 0.64’ 2 687 141 1
77 799 2 75 20 0.64 1 543 111 1
79 799 2 65 20 0.64 1 543 111 1
80 799 4 30 10 0.64 2 543 111 1
81 799 2 40 40 0.64 2 288 59 1
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Building 468 (Continued)

ROOM| EXIST. | EXIST. | EXIST. | NEW | FIXTURE | NEW | LIGHT. [COOLING| HEATING
NO. | ANNUAL |FIXTURE | LIGHT | LIGHT |UPGRADE |FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. | LEVEL | LEVEL | FACTOR | QTY. |SAVINGS | SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWH/YR |MMBTU/YR
82A 1,198 3 100 50 0.64 2 687 141 1
82B 1,198 3 100 50 0.64 2 687 141 1
83 1,198 3 100 50 0.64 2 687 141 1
85 399 2 30 10 0.64 1 271 55 1
86 200 1 15 15 0.64 1 72 15 0
70B 799 2 90 50 0.64 2 288 59 1
71 799 2 90 50 0.64 2 288 59 1
72A 1,198 24 25 25 0.64 24 431 88 1
72B 3004 12 40 40 0.64 12 1,438 204 3
72C 2,396 6 50 50 0.64 6 863 177 2
72D 2,396 6 50 50 0.64 6 863 177 2
. 72E 1,597 8 30 10 0.64 3 1,214 249 2
73 799 4 30 10 0.64 2 543 111 1
74A 3,004] 20 40 40 0.64 20 1,438 204 3
74B 4792 24 40 40 0.64 24 1,725 353 3
88 1,597 4 90 50 0.64 3 830 170 2
90A 1,597 4 80 50 0.64 3 830 170 2
90B 1,597 4 90 50 0.64 3 830 170 2
90C 1,597 4 80 50 0.64 3 830 170 2
90D 2,396 6 80 75 0.64 6 863 177 2
91 2,396 6 80 75 0.64 6 863 177 2
92 799 2 65 10 0.64 1 543 111 1
93 1,198 3 50 50 0.64 3 431 88 1
94 200 4 60 5 0.64 1 168 34 0
95A 1,507 4 55 50 0.64 4 575 118 1
95B 1,507 4 70 50 0.64 3 830 170 2
. 95C 799 2 55 50 0.64 2 288 59 1
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Building 468 (Continued)

ROOM| EXIST. EXIST. EXIST. NEW FIXTURE NEW LIGHT. |COOLING | HEATING

NO. | ANNUAL | FIXTURE | LIGHT LIGHT |UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY

ENERGY | QTY. LEVEL LEVEL | FACTOR QTY. | SAVINGS | SAVINGS | PENALTY

KWH/YR FC FC KWH/YR | KWH/YR | MMBTU/YR

95D 1,198 3 40 10 0.64 1 942 193 2
96A 799 2 50 50 0.64 2 288 59 1
96B 799 2 40 10 0.64 1 543 111 1
97 799 2 30 10 0.64 1 543 111 1
98 4,792 12 90 75 0.64 10 2,236 458 4
99 4,792 12 125 75 0.64 8 2,747 563 5
101 7,188 18 100 75 0.64 14 3,610 739 7
103 399 2 . 50 10 0.64 1 271 55 1
104 1,331 4 100 75 0.64 3 692 142 1
106 200 4 50 10 0.64 1 168 34 0
107 7,688 19 100 75 0.64 15 3,754 769 7
110 1,997 5 75 20 0.64 2 1,486 304 3
113A 1,597 4 30 10 0.64 2 1,086 222 2
113B 399 2 30 10 0.64 1 271 55 1
114 599 3 40 40 0.64 3 216 44 0
115 1,997 5 85 20 0.64 2 1,486 304 3
117A 1,597 4 80 75 0.64 4 575 118 1
117B 1,597 4 80 75 0.64 4 575 118 1
118 3,195 8 60 60 0.64 8 1,150 235 2
119 1,597 4 80 50 0.64 3 830 170 2
120 1,597 4 80 50 0.64 3 830 170 2
121A 1,597 4 60 50 0.64 4 575 118 1
121B 799 2 50 50 0.64 2 288 59 1
122 1,198 6 30 10 0.64 2 942 198 2
123 1,597 4 90 50 0.64 3 830 170 2
124 399 1 15 15 0.64 1 144 29 0
126 4,792 12 40 40 0.64 12 1,725 353 3
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Building 468 (Continued)

ROOM | EXIST. EXIST. EXIST. NEW FIXTURE NEW LIGHT. |COOLING| HEATING

NO. | ANNUAL | FIXTURE | LIGHT LIGHT |UPGRADE |FIXTURE { ENERGY | ENERGY | ENERGY

ENERGY QTY. LEVEL LEVEL | FACTOR QTY. | SAVINGS | SAVINGS | PENALTY

KWH/YR FC FC KWH/YR | KWH/YR | MMBTU/YR

126 1,198 6 40 40 0.64 6 431 88 1
127 4,792 12 40 40 0.64 12 1,725 353 3
127 1,198 6 40 40 0.64 6 431 88 1
129 3,195 8 40 40 0.64 8 1,150 235 2
129 599 3 40 40 0.64 3 216 44 0
130 200 1 30 10 0.64 1 72 15 0
7182 . 599 3 40 20 0.64 2 343 70 1
133 21 1 25 10 0.64 1 8 2 0
134 3,094 10 40 40 0.64 10 1,438 294 3
135 998 5 35 10 0.64 2 743 152 1
136A 1,597 4 100 50 0.64 2 1,086 222 2
136B 799 2 80 50 0.64 2 288 59 1
136C 799 2 80 50 0.64 2 288 59 1
136D 1,198 3 60 10 '0‘64 1 942 193 2
137 1,597 4 100 50 0.64 2 1,086 222 2
138A 1,597 4 100 50 0.64 2 1,086 222 2
138B 799 2 80 50 0.64 2 288 59 1
138C 799 2 80 50 0.64 2 288 59 1
138D 1,198 3 60 10 0.64 1 942 193 2
139 3,894 13 50 50 0.64 13 1,402 287 3
19 2,396 8 55 30 0.64 5 1,438 294 3
20 200 1 40 20 0.64 1 72 15 0
21 200 1 40 10 0.64 1 72 15 0
22 1,198 4 45 45 0.64 4 431 88 1
23 1,797 6 65 65 0.64 6 647 132 1
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Building 468 (Continued)

ROOM| EXIST. | EXIST. | EXIST. [ NEW | FIXTURE | NEW LIGHT. |[COOLING]| HEATING
NO. | ANNUAL |FIXTURE | LIGHT | LIGHT |UPGRADE |FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. | LEVEL | LEVEL | FACTOR | QTY. |SAVINGS |SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWH/YR | MMBTU/YR
24 1,797 6 50 50 0.64 6 647 132 1
27 1,198 4 40 40 0.64 4 431 88 1
28 799 2 30 10 0.64 1 543 111 1
29 2,796 7 50 50 0.64 7 1,007 206 2
81 50 1 55 55 0.64 1 18 4 0
"32 399 1 55 55 0.64 1 144 29 0
33 1,331 4 100 50 0.64 2 905 185 2
37 2,246 4 60 15 0.61 1 1,908 390 4
37 1,498 4 60 15 0.64 1 1,258 258 2
38 799 4 50 50 0.64 4 288 59 1
39 2.396] 12 50 50 0.64 12 863 177 2
40 1,597 4 125 75 0.64 3 830 170 2
41 799 2 90 50 0.64 2 288 59 1
42 799 2 90 75' 0.64 2 288 59 1
43 3,195 8 100 75 0.64 6 1,661 340 3
44 399 1 30 15 0.64 1 144 29 0
46 2,396 6 80 75 0.64 6 863 177 2
48 799 2 100 75 0.64 2 288 59 1
49 799 2 100 75 0.64 2 288 59 1
50 709 2 100 75 0.64 2 288 59 1
51 799 2 100 75 0.64 2 288 59 1
52 799 2 100 75 0.64 2 288 59 1
53 799 2 100 75 0.64 2 288 59 1
54 50 1 30 10 0.64 1 18 4 0
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Building 468 (Continued)

ROOM| EXIST. | EXIST. | EXIST. | NEW | FIXTURE | NEW | LIGHT. |[COOLING| HEATING
NO. | ANNUAL |FIXTURE | LIGHT | LIGHT |UPGRADE |FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. | LEVEL | LEVEL | FACTOR | QTY. |[SAVINGS |SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWH/YR |MMBTUNYR
55 100 2 50 10 0.64 1 68 14 0
56 399 1 75 50 0.64 1 144 29 0
57 2396 6 100 75 0.64 5 1,118 229 2
59 799 2 60 50 0.64 2 288 59 1
59 187 1 60 50 0.61 1 73 15 0
60 200 1 50 20 0.64 1 72 15 0
62 200 1 50 20 0.64 1 72 15 0
65 749 2 60 15 0.61 1 521 107 1
66 200 1 30 10 0.64 1 72 15 0
67 1,198 6 20 10 0.64 3 815 167 2
67 399 1 20 10 0.64 1 144 29 0
SUBTOTAL,BUILDING 468 539 |106,441| 21,792 216




Building 15
ROOM| EXIST. EXIST. EXIST. NEW FIXTURE NEW LIGHT. |COOLING| HEATING
NO. | ANNUAL | FIXTURE | LIGHT LIGHT | UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY QTY. LEVEL LEVEL FACTOR QTy. SAVINGS | SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWH/YR | MMBTU/YR
1 1,597 4 50 50 0.64 4 575 118 1
2 1,597 4 55 50 0.64 4 575 118 1
3 2,396 6 75 50 0.64 4 1,374 281 3
4 5,192 13 80 50 0.64 9 2,892 592 5
5 1,597 4 . 75 50 0.64 3 830 170 2
6 6,390 16 100 30 0.64 5 5,112 1,047 10
7 300 1 75 20 0.64 1 108 22 0
"8 399 1 70 15 0.64 1 144 29 0
9 5,391 27 50 30 0.64 17 3,219 659 6
11 1,597 4 60 50 0.64 4 575 118 1
12 1,597 4 60 50 0.64 4 575 118 1
14 8,786 22 50 50 0.64 22 3,163 648 6
15 1,597 4 35 15 0.64 2 1,086 222 2
16 1,597 4 60 50 0.64 4 575 118 1
19 799 4 50 20 0.64 2 543 111 1
20 1,597 4 80 50 0.64 3 830 170 2
21 1,597 4 65 50 0.64 4 575 118 1
22 399 1 45 30 0.64 1 144 29 0
24 1,198 3 75 50 0.64 2 687 141 1
24A 200 4 50 50 0.64 4 72 15 0
25 799 2 35 35 0.64 2 288 59 1
26 4,393 11 50 50 0.64 11 1,581 324 3
27 1,997 5 50 50 0.64 5 719 147 1
28 1,997 5 60 50 0.64 5 719 147 1
29 16,773 42 50 50 0.64 42 6,038 1,236 11
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Building 15 (Continued)

ROOM| EXIST. | EXIST. | EXIST. | NEW ] FIXTURE | NEW | LIGHT. |COOLING| HEATING
NO. | ANNUAL |FIXTURE| LIGHT | LIGHT |UPGRADE |FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. | LEVEL | LEVEL | FACTOR | QTY. |SAVINGS |SAVINGS | PENALTY
KWHIYR FC FC KWH/YR | KWHAYR |MMBTU/YR
30 1507] 4 50 50 0.64 4 575 118 1
30A 1597) 4 40 40 0.64 4 575 118 1
31 2306] 6 40 40 0.64 6 863 177 2
32 1507 4 60 50 0.64 4 575 118 1
33 g706] 7 30 10 0.64 3 2,020 415 4
34 2706] 7 65 10 0.64 2 2,285 468 4
35 187 1 20 20 0.64 1 67 14 0
" 36 8786] 22 50 50 0.64 22 3,163 648 6
37 700] 2 70 50 0.64 2 288 59 1
38 2306] 6 80 50 0.64 4 1,374 281 3
40 00| 1 15 15 0.64 1 144 20 0
40A 90| 2 50 50 0.64 2 288 59 1
41 0585 24 45 45 0.64 24 3,451 707 7
43 s0| 1 25 10 0.64 1 144 29 0
44 1507 4 40 40 0.64 4 575 118 1
45 1191 o 50 50 0.64 9 647 132 1
46 o08| 5 50 15 0.64 2 743 152 1
47 1507 4 40 40 0.64 4 575 118 1
48 1108 s 70 50 0.64 3 431 88 1
49 374l 1 30 10 0.64 1 135 28 0
51 1007l 10 50 20 0.64 4 1,486 304 3
52 23,163| 58 70 50 0.64 42 | 12428 | 2545 24
53 1108 38 50 50 0.64 3 431 88 1
54 I 40 10 0.64 1 471 96 1
55 1108 3 72 15 0.64 1 942 193 2
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Building 15 (Continued)

ROOM| EXIST. | EXIST. | EXIST. | NEW | FIXTURE | NEW | LIGHT. |COOLING| HEATING
NO. | ANNUAL |FIXTURE| LIGHT | LIGHT JUPGRADE|FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. | LEVEL | LEVEL | FACTOR | QTY. |SAVINGS | SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWH/YR |MMBTU/YR
56 7,188] 18 60 50 0.64 15 3,354 687 6
56A 1,597 4 60 50 0.64 4 575 118 1
57 799 2 100 10 0.64 1 543 111 1
57A 1,597 4 60 50 0.64 4 575 118 1
58 100 2 75 10 0.64 1 68 14 0
59 1,597 4 75 50 0.64 3 830 170 2
60 1,597 4 80 50 0.64 3 830 170 2
61 998 5 75 20 0.64 2 743 152 1
62 998 5 75 20 0.64 2 743 152 1
64 1,597 4 80 30 0.64 2 1,086 222 2
65 1,597 4 75 50 0.64 3 830 170 2
66 1,198| 3 50 50 0.64 3 431 88 1
67 1,597 4 70 50 0.64 3 830 170 2
67A 1,597 4 65 50 0.64 4 575 118 1
SUBTOTAL,BUILDING 15 369 | 79,697 | 16,319 151
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Building 441

ROOM| EXIST. | EXIST. | EXIST. | NEW | FIXTURE | NEW | LIGHT. |COOLING| HEATING
NO. | ANNUAL |FIXTURE| LIGHT | LIGHT |UPGRADE |FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. | LEVEL | LEVEL | FACTOR | QTY. |SAVINGS |SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWHYR |MMBTU/YR
1 799 2 20 15 0.64 2 288 59 1
1
2 1597 4 50 50 0.64 4 575 118 1
3 7,087 20 40 40 0.64 20 2,875 589 5
4 399] 1 30 20 0.64 1 144 29 0
5
6 399] 1 30 20 0.64 1 144 29 0
7 399] 1 30 30 0.64 1 144 29 0
8 14377 36 45 45 0.64 36 5,176 1,060 10
9 14377) 36 45 45 0.64 36 5,176 1,060 10
10 s99] 1 40 20 0.64 1 144 29 0
10 200 1 40 20 0.64 1 72 15 0
11 4,792 12 65 50 0.64 10 2,236 458 4
12
12 749| 2 25 25 0.61 2 292 60 1
13 1,08 3 60 20 0.64 1 942 193 2
13 200 1 60 20 0.64 1 72 15 0
14 1,08] 3 60 20 0.64 1 942 103 2
14 2000 1 60 20 0.64 1 72 15 0
15 200 1 25 10 0.64 1 72 15 0
16
16 2000 1 25 25 0.64 1 72 15 0
17
18
19
20
21 2,306 8 30 30 0.64 8 863 177 2
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Building 441 (Continued)

ROOM| EXIST. EXIST. | EXIST. NEW FIXTURE NEW LIGHT. |COOLING| HEATING

NO. | ANNUAL |FIXTURE | LIGHT LIGHT |UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. LEVEL | LEVEL | FACTOR QTY. | SAVINGS | SAVINGS | PENALTY
KWH/YR FC

FC KWH/YR | KWH/YR | MMBTU/YR
22 1,597 4 25 25 0.64 4 575 118 1
23 799 2 25 25 0.64 2 288 59 1
24 1,597 8 25 25 0.64 8 575 118 1

SUBTOTAL,BUILDING 441

144 | 21,814 | 4,468 41
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Building 133

ROOM| EXIST. | EXIST. | EXIST. | NEW | FIXTURE | NEW | LIGHT. |[COOLING| HEATING
NO. | ANNUAL |FIXTURE| LIGHT | LIGHT |UPGRADE |FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. | LEVEL | LEVEL | FACTOR | QTY. |SAVINGS | SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWH/YR |MMBTU/YR
1 2000 1 50 20 0.64 1 72 0 0
3 1,198 6 25 25 0.64 6 431 0 1
3 1,008 2 25 25 0.61 2 428 0 1
4 749 2 55 50 0.61 2 292 0 1
5 399 2 45 45 0.64 2 144 0 0
5 749 2 45 45 0.61 2 292 0 1
i 2000 1 15 15 0.64 1 72 0 0
8 3,004 10 100 50 0.64 5 2.716 0 5
. 9 1,198 6 25 25 0.64 6 431 0 1
10 197 5 30 30 0.64 5 719 0 1
10 2000 1 30 30 0.64 1 72 0 0
11 239 6 25 25 0.64 6 863 0 2
SUBTOTAL, BUILDING 133 39 6,532 0 13




Building 245

ROOM | EXIST. EXIST. EXIST. NEW FIXTURE NEW LIGHT. [COOLING| HEATING
NO. | ANNUAL | FIXTURE| LIGHT LIGHT |UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY QTYy. LEVEL LEVEL | FACTOR QTY. | SAVINGS | SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWH/YR | MMBTU/YR
1 2,396 6 40 30 0.64 5 1,118 229 2
2 799 2 40 40 0.64 2 288 59 1
3 12,979 65 40 40 0.64 65 4,672 957 9
4 ' 1,697 4 60 50 0.64 4 575 118 1
5 1,697 4 60 50 0.64 4 575 118 1
6
7 399 2 15 15 0.64 2 144 29 0
° 8 799 4 40 40 0.64 4 288 59 1
9 399 2 40 40 0.64 2 144 29 0
10 899 3 100 50 0.64 2 515 105 1
11 899 3 90 50 0.64 2 515 105 1
12
12 399 1 60 20 0.64 1 144 29 0
13
14 2,396 6 100 50 0.64 3 1,629 334 3
15 1,198 4 85 50 0.64 3 623 128 1
16 4,792 16 60 50 0.64 14 2,108 432 4
18 599 2 70 50 0.64 2 216 44 0
19 599 2 50 50 0.64 2 216 44 0
20 599 2 50 50 0.64 2 216 44 0
21 1,198 3 60 50 0.64 3 431 88 1
22 5,990 30 25 25 0.64 30 2,156 442 4
22 1,198 4 25 25 0.64 4 431 88 1
23
23 1,697 8 50 50 0.64 8 575 118 1
23
23
24 799 4 30 15 0.64 2 543 111 1
SUBTOTAL, BUILDING 245 166 | 18,122 { 3,710 33




Building 315

ROOM | EXIST. EXIST. EXIST. NEW FIXTURE NEW LIGHT. |COOLING| HEATING
NO. | ANNUAL | FIXTURE | LIGHT LIGHT |UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY QTy. LEVEL LEVEL | FACTOR QTY. | SAVINGS | SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWH/YR | MMBTU/YR
1
2
3
4
5 3,195 8 65 65 0.64 8 1,150 0 2
6 3,370 9 45 45 0.61 9 1,314 0 2
7 1,997 10 45 15 0.64 4 1,486 0 3
"8 998 5 30 30 0.64 5 359 0 1
9
10 10,383 26 55 50 0.64 24 4,249 0 8
11
12 399 1 60 5 0.64 1 144 0 0
13 599 3 25 10 0.64 2 343 0 1
14 799 2 35 20 0.64 2 288 0 1
14 200 1 35 20 0.64 1 72 0 0
15 1,597 4 50 10 0.64 1 1,341 0 3
16 1,597 4 65 20 0.64 2 1,086 0 2
16 200 1 65 20 0.64 1 72 0 0
17
18 1,198 3 65 50 0.64 3 431 0 1
19 399 1 45 20 0.64 1 144 0 0
20 399 1 45 20 0.64 1 144 0 0
21 1,597 4 60 50 0.64 4 575 0 1
22 10,383 26 55 50 0.64 24 4,249 0 8
23
24
24
25 799 2 65 50 0.64 2 288 0 1
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Building 315 (Continued)

ROOM | EXIST. EXIST. EXIST. NEW FIXTURE NEW LIGHT. |COOLING| HEATING
NO. | ANNUAL | FIXTURE | LIGHT LIGHT |UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. LEVEL | LEVEL | FACTOR QTY. |[SAVINGS | SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWH/YR | MMBTU/YR
26 9,185 23 45 45 0.64 23 3,307 0 6
27 399 1 50 15 0.64 1 144 0 0
28 6,390 16 25 25 0.64 16 2,300 0 4
29 1,597 4 25 25 0.64 4 575 0 1
30
31
SUBTOTAL,BUILDING 315 139 | 24,061 0 45
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Building 321

ROOM | EXIST. EXIST. EXIST. NEW FIXTURE NEW LIGHT. [COOLING| HEATING
NO. | ANNUAL |FIXTURE | LIGHT LIGHT |UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY QTY. LEVEL LEVEL | FACTOR QTY. | SAVINGS | SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWH/YR | MMBTU/YR
1 1,408 4 5 5 0.61 4 584 0 1
2 3,195 8 75 50 0.64 6 1,661 0 3
3 2,396 6 50 50 0.64 6 863 0 2
4 1,697 4 50 50 0.64 4 575 0 1
5 2,396 6 50 50 0.64 6 863 0 2
6
6
7 1,997 5 55 20 0.64 2 1,486 0 3
7 399 2 55 20 0.64 1 271 0 1
8 3,195 8 35 35 0.64 8 1,150 0 2
9 1,597 4 35 35 0.64 4 575 0 1
10 1,597 4 35 20 0.64 3 830 0 2
11
12
13 1,997 5 45 20 0.64 3 1,230 0 2
13 399 2 45 20 0.64 1 271 0 1
14
15 5,192 13 75 20 0.64 4 4,170 0 8
15 599 3 75 20 0.64 1 471 0 1
16 1,198 6 60 50 0.64 5 559 0 1
17 399 1 45 20 0.64 1 144 0 0
17 200 1 45 20 0.64 1 72 0 0
18 399 1 45 20 0.64 1 144 0 0
18 200 1 45 20 0.64 1 72 0 0
19 399 2 15 10 0.64 2 144 0 0
20 200 1 20 10 0.64 1 72 0 0
21
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Building 321 (Continued)

ROOM| EXIST. | EXIST. | EXIST. [ NEW | FIXTURE | NEW | LIGHT. [COOLING| HEATING
NO. | ANNUAL |FIXTURE | LIGHT | LIGHT |UPGRADE |FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. | LEVEL | LEVEL | FACTOR | QTY. |[SAVINGS |SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWH/YR | MMBTU/YR
22 5501 14 45 45 0.64 14 2,013 0 4
23 1597] 8 35 35 0.64 8 575 0 1
23 300 2 85 35 0.64 2 144 0 0
24 749 2 35 35 0.61 2 202 0 1
24 200f 1 35 35 0.64 1 72 0 0
25 5000 16 45 45 0.61 16 2,336 0 4
25
26 19970 5 50 50 0.64 5 719 0 1
26 4867 18 50 50 0.61 13 1,808 0 4
27 3195 8 60 50 0.64 7 1,406 0 3
28
29 1597 4 60 50 0.64 4 575 0 1
30 1597 4 60 50 0.64 4 575 0 1
31 5102| 18 60 50 0.64 1 2,380 0 5
32 799] 2 65 50 0.64 2 288 0 1
33 1997 10 30 30 0.64 10 719 0 1
34 799 2 65 50 0.64 2 288 0 1
35 1997 5 65 50 0.64 4 975 0 2
36 1507] 4 30 30 0.64 4 575 0 1
37 799 2 65 50 0.64 2 288 0 1
38 2796 7 65 50 0.64 6 1,262 0 2
89 374 1 40 40 0.61 1 146 0 0
39 300 1 40 40 0.64 1 144 0 0
40
41 1872 5 30 10 0.61 2 1,415 0 3
41
42

D-57




Building 321 (Continued)

ROOM| EXIST. | EXiST. | EXIST. [ NEW | FIXTURE | NEW | LIGHT. [COOLING| HEATING

NO. | ANNUAL |FIXTURE | LIGHT | LIGHT |UPGRADE |FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. | LEVEL | LEVEL | FACTOR | QTY. |SAVINGS |SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWHYR | MMBTU/YR

43 22,464 60 35 35 0.61 60 8,761 0 17

44 4398 11 40 40 0.64 11 1,581 0 3

45

45

46 7,188 18 35 35 0.64 18 2,588 0 5

47

48

"“48

49 6,739 18 20 20 0.64 18 2,426 0 5

50 1123 38 20 20 0.61 3 438 0 1

50 1,198 8 20 20 0.64 3 431 0 1

51

51

SUBTOTAL,BUILDING 321 208 32,286 0 63
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Building 345

ROOM| EXIST. | EXIST. | EXIST. | NEW | FIXTURE | NEW | LIGHT. |COOLING| HEATING

NO. | ANNUAL | FIXTURE | LIGHT | LIGHT |[UPGRADE |FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY [ QTY. | LEVEL | LEVEL | FACTOR | QTY. |[SAVINGS | SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWH/YR | MMBTU/YR

1

2 1,198 6 50 20 0.64 3 815 167 2

2 399 2 50 20 0.64 1 271 55 1

3

4

5 1,198 6 50 20 0.64 3 815 167 2

5 399 2 50 20 0.64 1 271 55 1

"6

7

8

9

10 1,108 6 50 20 0.64 3 815 167 2

10 399 2 50 20 0.64 1 271 55 1

11

12 749 2 35 35 0.61 2 292 60 1

13 374 1 20 10 0.61 1 146 30 0

14

15

16

17

18

19 1,198 6 50 20 0.64 3 815 167 2

19 399 2 50 20 0.64 1 271 55 1

20

21

22

23
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Building 345 (Continued)

ROOM| EXIST. | EXIST. | EXIST. | NEW | FIXTURE | NEW | LIGHT. |COOLING | HEATING
NO. | ANNUAL |FIXTURE | LIGHT | LIGHT |UPGRADE |FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY | QTY. | LEVEL | LEVEL | FACTOR | QTY. |SAVINGS |SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWH/YR | MMBTU/YR
24 2396 6 45 45 0.64 6 863 177 2
25 7,188 18 65 65 0.64 18 2,588 530 5
26 799 2 35 35 0.64 2 288 59 1
27 5990 15 50 50 0.64 15 2,156 442 4
28 5900 15 50 50 0.64 15 2,156 442 4
29 5990| 15 50 50 0.64 15 2,156 442 4
30 7087 20 65 65 0.64 20 2,875 589 5
81 1997 . 5 40 40 0.64 5 719 147 1
32 599| 15 65 50 0.64 12 2,923 599 6
33
84
34 5990 16 35 35 0.61 16 2,336 478 4
35
36
38 1597 4 85 35 0.64 4 575 118 1
39 799 2 40 40 0.64 2 288 59 1
40 799 2 40 40 0.64 2 288 59 1
41 3994 10 35 35 0.64 10 1.438 204 3
42 799] 2 40 40 0.64 2 288 59 1
43 790 2 35 35 0.64 2 288 59 1
44 799] 2 35 35 0.64 2 288 59 1
45 799 2 30 10 0.64 1 543 111 1
46 1,198] 8 55 50 0.64 3 431 88 1
47 2306| 6 60 50 0.64 5 1,118 229 2
48 799 2 80 50 0.64 2 288 59 1
49 799 2 80 50 0.64 2 288 59 1
50 709 2 80 50 0.64 2 288 59 1
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Building 345 (Continued)

ROOM| EXIST. [ EXIST. | EXIST. | NEW | FIXTURE | NEW | LIGHT. |COOLING| HEATING
NO. | ANNUAL | FIXTURE | LIGHT | LIGHT |UPGRADE |FIXTURE |ENERGY | ENERGY | ENERGY
ENERGY | QTY. | LEVEL | LEVEL | FACTOR | QTY. |SAVINGS | SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWH/YR | MMBTU/YR
51 799 2 40 20 0.64 1 543 111 1
51A
52 399 1 30 30 0.64 1 144 29 0
53 399 1 40 20 0.64 1 144 29 0
54 1,108 3 30 10 0.64 1 . 942 193 2
55 799 2 80 50 0.64 2 288 59 1
56 799 2 80 50 0.64 2 288 59 1
57 799 2 80 50 0.64 2 288 59 1
58 799 2 80 50 0.64 2 288 59 1
59 2,396 6 50 50 0.64 6 863 177 2
60 1,597 4 80 50 0.64 3 830 170 2
61 1,597 4 80 50 0.64 3 830 170 2
62 1,597 4 80 50 0.64 3 830 170 2
63 2,396 6 80 50 0.64 4 1,374 281 3
64
65 15,974] 40 45 45 0.64 40 5.751 1,178 11
66 3,195 8 40 40 ‘0.64 8 1,150 235 2
67
68 3,305 17 40 15 0.64 7 2,500 512 5
69 10,783] 27 75 50 0.64 18 6,182 1,266 12
70 1,597 4 75 50 0.64 3 830 170 2
71
72
78 14377 36 80 75 0.64 34 5,687 1,165 11
74
76 1,198 6 50 20 0.64 3 815 167 2
75 399 2 50 20 0.64 1 271 55 1
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Building 345 (Continued)

ROOM
NO.

EXIST.
ANNUAL
ENERGY
KWH/YR

EXIST.
FIXTURE
QTy.

EXIST.

LIGHT

LEVEL
FC

NEW
LIGHT
LEVEL

FC

FIXTURE
UPGRADE
FACTOR

NEW
FIXTURE
QTy.

LIGHT.
ENERGY
SAVINGS
KWH/YR

COOLING
ENERGY
SAVINGS
KWH/YR

HEATING

ENERGY

PENALTY
MMBTU/YR

76

77

78

79

1,198

50

20

0.64

815

167

79

399

50

20

0.64

271

55

81

82

89

89

89

90

91

92

1,188

50

20

0.64

815

167

92

399

50

20

0.64

271

55

93

1,198

50

20

0.64

815

167

93

1,198

6

50

20

0.64

815

167

94

3,195

16

45

45

0.64

16

1,150

235

SUBTOTAL,BUILDING 345

357

66,041

13,522

141
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Building 421

ROOM| EXIST. EXIST. EXIST. NEW FIXTURE NEW LIGHT. |COOLING| HEATING

NO. | ANNUAL |FIXTURE| LIGHT LIGHT |UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY

ENERGY QTY. LEVEL LEVEL | FACTOR QTY. | SAVINGS | SAVINGS | PENALTY

KWH/YR FC FC KWH/YR [ KWH/YR | MMBTU/YR
1 9,585 48 95 75 0.64 38 4,729 968 9
2
3
4 4,792 24 90 75 0.64 20 2,236 458 4
5 2,995 15 80 75 0.64 15 1,078 221 2
6 799 4 60 50 0.64 4 288 59 1
7 1,597 4 80 50 0.64 3 830 170 2
'8 799 4 60 50 0.64 4 288 59 1
8A 200 1 40 15 0.64 1 72 15 0
9 599 3 40 10 0.64 1 471 96 1
10
11 799 2 40 20 0.64 1 543 111 1
12 799 2 60 20 0.64 1 543 111 1
12 399 1 60 20 0.64 1 144 29 0
13 1,198 6 35 35 0.64 6 431 88 1
14 599 3 35 35 0.64 3 216 44 0
15 2,396 6 90 50 0.64 4 1,374 281 3
16 200 1 50 15 0.64 1 72 15 0
16 200 1 50 15 0.64 1 72 15 0
18 1,398 7 65 65 0.64 7 503 103 1
19 9,585 48 65 65 0.64 48 3,451 707 7
20 11,981 60 80 75 0.64 57 4,697 962 9
21 4,792 24 100 75 0.64 18 2,492 510 5
22 2.995 8 55 55 0.61 8 1,168 239 2
23 5,591 28 70 70 0.64 28 2,013 412 4
24
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Building 421 (Continued)

ROOM| EXIST. EXIST. EXIST. NEW FIXTURE NEW LIGHT. |COOLING| HEATING
NO. | ANNUAL | FIXTURE | LIGHT LIGHT |UPGRADE | FIXTURE | ENERGY | ENERGY | ENERGY
ENERGY QTY. LEVEL LEVEL | FACTOR QTY. |SAVINGS | SAVINGS | PENALTY
KWH/YR FC FC KWH/YR | KWH/YR | MMBTU/YR
25 799 4 40 20 0.64 2 543 111 1
26 399 2 30 20 0.64 2 144 29 0
27
28 1,597 4 60 50 0.64 4 575 118 1
29 399 1 50 50 0.64 1 144 29 0
30 1,498 2 80 50 0.61 2 584 120 1
31 1,408 2 80 50 0.61 2 584 120 1
‘.32 2,995 4 120 50 0.61 2 2,082 426 4
33 10,783 54 65 65 0.64 54 3,882 795 7
34 21,965 110 70 70 0.64 110 7,907 1,619 15
35 4,792 24 70 70 0.64 24 1,725 353 3
36 1,498 2 60 50 0.61 2 584 120 1
36 799 2 60 50 0.64 2 288 59 1
37 3,195 8 50 50 0.64 8 1,150 235 2
38 1,198 6 60 10 0.64 1 1,070 219 2
39 4,193 14 55 55 0.64 14 1,509 309 3
40 1,198 6 40 15 0.64 3 815 167 2
41 399 2 30 30 0.64 2 144 29 0
42 9,185 23 45 45 0.64 23 3,307 677 6
43 399 1 30 20 0.64 1 144 29 0
44 399 1 30 20 0.64 1 144 29 0
45 399 1 25 25 0.64 1 144 29 0
46 1,597 4 45 45 0.64 4 575 118 1
47 i2,780 32 ‘ 40 40 0.64 32 4,601 942 9
48
SUBTOTAL, BUILDING 421 567 | 60,356 | 12,355 114

D-64




APPENDIX E

NON-RECOMMENDED ECO CALCULATIONS




APPENDIX E
‘ o NON-RECOMMENDED ECO CALCULATIONS

TABLE OF CONTENTS

ECO-3: Provide Motion Sensor Controls For Lights . . .. ........ ... ... ... ... ........ E-1
A, SUMMANY . ... E-1
B. ECO DesCription . .. . ... it e e E-1
C. DISCUSSION . . . oottt ettt ettt e e e e e E-1
D. Savings Calculations . ... ... ... . .. . .. . e E-2
E. Cost Estimate ... ... ... ... ... E-4
F. Life Cycle Cost Analysis ... .......... it E-4
References .. ... ... E-4




ENERGY CONSERVATION OPPORTUNITY (ECO)

ECO NO: 3

DATE: 4/14/94

ECO TITLE: Provide Motion Sensor Controls For Lights

INSTALLATION: Red River Army Depot, Building 323

LOCATION: Texarkana, Texas

A. Summary:
Electrical Energy Savings 1,659 KWH/yr
Electrical Demand Savings 0 KW-mo/yr
Natural Gas Energy Penalty 0 MMBTUfr
Net Energy Savings 5.6 MMBTU/Ar
Total Cost Savings 42 $/yr
Total Investment 1,716 $
Simple Payback 41.1 yrs
SIR 0.37

B. ECO Description:

Install occupancy sensors in various rooms of building 323, listed in Figure E-1. Recircuit the
existing light fixtures as required to allow the new sensors to turn off the lights during unoccupied
periods. The sensors shall be selected for each individual area, based on the architectural features
of the area, such as partitions, shelves, high ceilings, etc. This ECO will require design of the
lighting control systems, installation of the sensors and possibly re-circuiting of some of the
existing light fixtures.

Discussion:

Many of the buildings surveyed had areas that appear to be unoccupied for portions of the work
day, such as restrooms, corridors, offices, storage areas, work areas, etc. The lighting appears to
be left on during these unoccupied periods. The amount of time these areas are unoccupied varies
from area to area.

Occupancy sensors could be installed in these areas to sense the unoccupied periods, turn off the
lights and save the unneeded lighting energy. Since some of these areas have shelving or other
partitions throughout, careful consideration should be given to the type of sensor to be used.
Application data on the different types of sensors available from a sample manufacturer is
included in Appendix G.

However, since the existing lighting systems are recommended to be replaced with higher
efficiency light fixtures, the amount of energy saved by the installation of occupancy sensors is
reduced. In fact, if the savings calculations take into account the lower energy consumption of
the newer lighting systems, the installation of sensors will have a greater than 10 year payback.
This is demonstrated by the following calculations, and therefore, this ECO is not recommended
for implementation.
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Savings Calculations: To demonstrate the low energy savings potential of occupancy sensor
installation after newer light fixtures have been installed, calculations were only performed on
rooms in building 323. This is considered a typical building at the facility, and the results of this
calculation can be extrapolated to the other buildings in the study. The energy savings
calculations were performed in Figure E-1, using actual data obtained during the site survey.
The following sample calculation demonstrates the procedure followed for each area:

Sample Calculation:

(a)

(b)

(©)

Room #8, office, building 323

Existing annual lighting energy' = 200 KWH/yr
New fixture quantity? = 1 fixture

Fixture retrofit savings® = 72 KWH/yr

New Annual Energy (Ey):

where,
E, = existing annual lighting energy
AE, = fixture retrofit savings

E, = @00 - 72) = 128 XPH
yr
Lighting Energy Savings (aEy):
AE. = Eyx (1 - Ry
yr

where,
R, = room occupied percentage = 75% (estimated)

KWH
yr

aE; = 128 x (1 - 0.75) = 32

Number of Sensors Required: It was estimated that 1 sensor would be required for every
10 light fixtures. Since this room has only 1 fixture, then only 1 sensor would be
required.
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Figure E-1. Energy Savings Calculations

ROOM ROOM EXIST. NEW | FIXTURE | NEW ROOM LIGHT. | NUMBER
NO. FUNCTION ANNUAL | FIXTURE | RETROFIT | ANNUAL| OCCUPIED | ENERGY OF
ENERGY | QTY. | SAVINGS | ENERGY | PERCENT |SAVINGS|SENSORS
KWHYR KWHYR | KWHYR| (EST) KWHYR ! (EST)
1
2 IOFFICE 1,597 4 575 1,022 75 256 1
3
4 |BREAK ROOM 2,995 7 2,100 895 50 448 1
5 |MENS RESTROOM 1,797 4 1,286 511 50 256 1
5 |MENS RESTROOM 200 1 72 128 50 64 1
6 |WOMEN'S RESTROOM 399 1 271 128 50 64 1
6 [WOMEN'S RESTROOM 200 1 72 128 50 64 1
7
8 |OFFICE 200 1 72 128 75 32 1
9 |OFFICE 200 1 72 128 75 32 1
10
11
12
13
14
15
16
16
17
18
19
20 IMEN'S RESTROOM 624 2 493 131 50 66 1
21 |OFFICE 437 1 188 249 75 62 1
22 |WOMEN'S RESTROOM 624 2 493 131 50 66 1
23 |OFFICE 1,747 4 751 996 75 249 1
24
SUBTOTAL, BUILDING 323 1,659 12
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- The total energy savings calculated from Figure E-1 are as follows:

. AE = 1,659 KWH X 3,413 BTU 1 MMBTU  _ 56 MMBTU

x =
yr KWH 1,000,000 BTU yr

E. Cost Estimate
The total construction costs for this ECO were estimated on page E-5.
F. Life Cycle Cost Analysis.
A life cycle cost analysis was performed on this ECO using the program LCCID and data from

the above calculations. The summary sheet for the life cycle cost analysis is shown on page E-6.
The results of the analysis are listed in the project summary on page E-1.

- REFERENCES
1. From Appendix B calculations, see page B-3.

2. From ECO-2 calculations, see page D-40.

. 3. From ECO-2 calculations, see page D-40.
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.3. NON ENERGY SAVINGS(+) / COST(-)

LIFE CYCLE COST ANALYSIS SUMMARY STUDY: RRAD

ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) LCCID FY95 (92)
INSTALLATION & LOCATION: RRAD REGION NOS. 6 CENSUS: 3
PROJECT NO. & TITLE: 03-0185-01 LIGHTING SURVEY STUDY
FISCAL YEAR 1995 DISCRETE PORTION NAME: ECO-3

ANALYSIS DATE: 04-14-95 ECONOMIC LIFE 20 YEARS PREPARED BY: PIEPER

1. INVESTMENT

A. CONSTRUCTION COST S 1539.

B. SIOH $ 85.

C. DESIGN COST $ 92.

D. TOTAL COST (1A+1B+1C) $ 1716.

E. SALVAGE VALUE OF EXISTING EQUIPMENT $ 0.

F. PUBLIC UTILITY COMPANY REBATE S 0.

G. TOTAL INVESTMENT (1D - 1E - 1F) $ 1716.

2. ENERGY SAVINGS (+) / COST (-)
DATE OF NISTIR 85-3273-X USED FOR DISCOUNT FACTORS OCT 1994

UNIT COST  SAVINGS ANNUAL $ DISCOUNT DISCOUNTED
FUEL $/MBTU(1) MBTU/YR(2) SAVINGS(3) FACTOR(4) SAVINGS(5)
A. ELECT $ 7.44 6. $ 42. 15.08 $ 628.
B. DIST $ .00 0. $ 0. 18.57 $ 0.
C. RESID $ .00 0. $ 0. 21.02 S 0.
D. NAT G $ 1.89 0. $ 0. 18.58 S 0.
E. COAL $ .00 0. $ 0. 16.83 $ 0.
F. PPG $ .00 0. $ 0. 17.38 $ 0.
M. DEMAND SAVINGS $ 0. 14.88 $ 0.
N. TOTAL 6. $ 42. $ 628.

A. ANNUAL RECURRING (+/-) $ 0.
(1) DISCOUNT FACTOR (TABLE A) 14.88
(2) DISCOUNTED SAVING/COST (3A X 3Al) $ 0.
B. NON RECURRING SAVINGS(+) / COSTS(-)
. SAVINGS(+) YR  DISCNT DISCOUNTED
ITEM COST (-) OC  FACTR SAVINGS (+) /
(1) (2) (3) COST(-) (4)
d. TOTAL $ 0. 0.
C. TOTAL NON ENERGY DISCOUNTED SAVINGS (+)/COST(-) (3A2+3Bd4)$ 0.
4. FIRST YEAR DOLLAR SAVINGS 2N3+3A+(3Bdl/ (YRS ECONOMIC LIFE))S$ 42.
5. SIMPLE PAYBACK PERIOD (1G/4) 41.19 YEARS
6. TOTAL NET DISCOUNTED SAVINGS (2N5+3C) $ 628.
7. SAVINGS TO INVESTMENT RATIO (SIR)=(6 / 1G)= .37

(IF < 1 PROJECT DOES NOT QUALIFY)
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DETAILED SCOPE OF WORK
CONTRACT NO. DACAC63-94-D-0015
DELIVERY ORDER NO.

1. The Architect-Engineer (A-E) shall furnish all services,
material, supplies, plant, labor, equipment, investigations,
studies, superintendence and travel as required in connection
with the below identified project for design in accordance with
the original basic contract and this Detailed Scope of Work.
appendix "A" of the basic contract shall be followed for
performance reguirements for A-E services. Where this Detailed
Scope of Work conflicts with Appendix "A", this Detailed Scope of
Work shall govern.

INSTALLATION PROJECT TITLE

Red River Army Depot (EEAP) Lighting Survey Study

2. The work and other related data and services required in this
Delivery Order shall be accomplished within the time schedule
required, in accordance with the subject stated above and scope
of work described in paragraph 3 below. The schedule for
delivery of data to the Contracting Officer is in calendar days
as follows:

DELIVERY
SCHEDULE
a. Interim Submittal (s) ) 75 calendar days
and Related data for Studies after receipt of
(See Annex A for Number of signed D.O.
Copies)
b. Pre-Final Submittal (s) 85 calendar days
(12 copies) after approval of
Interim submittal
c. Final Submittal 100 calendar days
(original and All Data after approval of
Developed under this submital) A the Pre-final

(See Annex "A" page A-1 for Government Furnished Items)

3. The items of work included in this Delivery Order shall be in
accordance with criteria furnished at the Scoping Conference held
on April 12, 1994 at Red River Army Depot. The services to be
provided shall include, but not be limited to, the following
Scope of Work.

a. JItems of Work: (See the enclosed General and Detailed
Scope of Work).




1. BRIEF DESCR.-TION OF WORK: The Archit._t-Engineer (AE) shall:

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

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

1.3 Provide project documentation for recommended ECOs &s
detailed herein.

1.4 Prepare a comprehensive report to document all work per-
formed, the results and all recommendations.

2. GENERAL

5.1 This audit is limited to the evaluation of the specific
buildings, systems, or ECOs listed in Annex A, DETAILED SCOPE OF
WORK.

2.2 The information and analysis outlined herein are consid-
ered to be minimum requirements for adequate performance of this
audit. ' ’

2.3 For the buildings, systems or ECOs listed in Annex A, all
methods of energy conservation as relates to lighting, as well as
its effects on HVAC systems, and which are reasonable and practi-
cal shall be considered, including improvements of operational
methods and procedures as well as the physical facilities. All
energy conservation opportunities which produce energy or dollar
savings shall be documented in this report. Any energy conservar
tion opportunity considered infeasible shall also be documented in
the report with reasons for elimination.

2.4 The audit shall consider the use of all lighting sources
applicable to each building, system, or ECO, including all effects
lighting system changes may have on HVAC systems.

2.5 The "Energy Conservation Investment Program (ECIP) Guid-
ance", described in letter from DAIM-FDF-U, dated 10 Jan 1994 es-
tablishes criteria for ECIP projects and shall be used for perform-
ing the eccnomic analyses of all ECOs and projects. The program,
Life -Cycle Cost In Design (LCCID), has been developed for perform-
ing life cycle cost calculations in accordance with ECIP guide-
lines and is referenced in the ECIP Guidance. If any program other
than LCCID is proposed for life cycle cost analysis, it must use
the mode of calculation specified in the ECIP Guidance. The output
must be in the format of the ECIP LCCA summary sheet, and it must
be submitted for approval to the Contracting Officer.




2.6 Energy cc .servation opportunities a 2rmined to be techni-
cally and economically feasible shall be developed into projects
acceptable to installation personnel. This may involve combining
similar ECOs into larger packages which will qualify for ECIP, or
o&M funding, and determining in coordination with installation
personnel the appropriate packaging and implementation approach
for all feasible ECOs.

5.6.1 Projects which qualify for ECIP funding shall be identi-
fied, separately listed, and prioritized by the Savings to Invest-
ment Ratio (SIR).

2.6.2 All feasible non-ECIP projects shall be ranked in order
of highest to lowest SIR.

> 6.3 At some installations Energy Conservation and Manage-
ment (ECAM) funding will be used instead of ECIP funding. The
criteria for each program is the same. The Director of Engineer-
ing and Housing will indicate which program is used at this instal-
lation. This Scope of Work mentions only ECIP, however, ECAM is
also meant.

3. --PROJECT MANAGEMENT

3.1 Proiect Managers. The RE shall designate a project manag-
er to serve as a point of contact and liaison for work required
under this contract. Upon award of this contract, the individual
shall immediately be designated in writing. The RE’S designated
project manager shall be approved by the Contracting Officer prior
to commencement of work. This designated individual shall be
responsible for coordination of work required under this contract.
The Contracting Officer will designate a project manager to serve
2s the Government’s point of contact and liaison for all work re-
quired under this contract. This individual will be the CGovern-
ment’s representative.

3.2 Installation Assistance. The Commanding Officer or autho-
rized representative at the installation will designate an individ-
ual to assist the AE in obtaining information and establishing
contacts necessary to accomplish the work required under this con-
tract. This individual will be the installation representative.

3.3 public Disclosures. The AE shall make no public announce-
ments or disclosures relative to information contained or devel-
oped in this contract, except as authorized by the Contracting
Officer.

3.4 Meetings. Meetings will be scheduled whenever requested
by the AE or the Contracting Officer for the resolution of ques-
tions or problems encountered in the performance of the work. The
AE’s project manager and the Government'’s representative shall be
required to attend and participate in all meetings pertinent to
the work required under this contract as directed by the Contract-
ing Officer. These meetings, if necessary, are in addition to the
presentation and review conferences.




P

4. SERVICES AND MATERIALS. All services, materials (except those
specifically enumerated to be furnished by the Government), labor,
supervision and travel necessary to perform the work and render
the data required under this contract are included in the lump sum
price- of the contract.

5. PROJECT DOCUMENTATION. All energy conservation opportunities
which the AE has considered shall be included in one of the follow-
ing categories and presented in the report as such:

5.1 ECIP Projects. To qualify as an ECIP project, an ECO, or
several ECOs which have been combined, must have a construction
cost estimate greater than $300,000, a Savings to Investment Ratio
greater than 1.25 and a simple Dayback period of less than ten
years. For ECAM projects, the $300,000 llmltatlcd may not apply;
in such cases, the AE shall check with the installation for guid-
ance. The overall project and each discrete part of the project
shall have an SIR greater than 1.25. All projects meeting the
above criteria shall be arranged as specified in paragraph 2.6.1
and shall be provided with programming documentation. Programming
documentation shall consist of a DD Form 1391, life cycle cost
analysis (LCCA) summary sheet(s) (with necessary backup data to
verify the numbers presented), and a Project Develoument Brochure
(PDB) . A life cycle cost analysis summary sheet shall be developed
for each ECO and for the overall project when more than one ECO
are combined. The energy savings for progects consisting of multi-
ple ECOs must take into account the synergistic effects of the
individual ECOs.

5.2 Non-ECIP Projects. Projects which do not meet ECIP crite-
ria with regard to cost estimate or payback perlod but which have
an SIR greater than 1.25 shall be documented. Projects or ECOs in
this category shall be arranged as specified in paragraph 2.6.2
and shall be provided with the following documentation: the life
cycle cost analysis (LCCA) summary sheet completely filled out, a
description of the work to be accomplished, backup data for the
LCCA, ie, energy savings calculations and cost estimate(s), and
the simple payback period. The energy savings for progects consist-
ing of multlple ECOs must take into account the synergistic ef-
fects of the individual ECOs. In addition these projects shall
have the necessary documentation prepared, as required by the Gov-
ernment’s representative, for one of the following categories:

a. O & M Energy Projects: An O&M Energy project is one that
results in needed maintenance or repair to an existing facility,
or replaces a failed or failing existing facility, and also re-
sults in-energy savings. The criteria are similar to the criteria
for ECIP projects, ie, $300,000 construction cost, SIR > 1.25, and
simple payback period of less than ten years. In addition, if the
project would replace a system or equipment that is considered
'failed or falllng due solely to obsolete techpology or ineffi-
ciency, the equipment to be replaced must have been in use for at
least three years; and the simple payback period must be three
years or 1less.




b. Low Cosi/No Cost Projects. These ..e projects which the
Director of Engineering Services (DES) can perform using his
resources. Documentation shall be as required by the DES.

5.3 Nonfeasible ECOs. All ECOs which the AE has considered
but which are not feasible, shall be documented in the report with
reasons and justifications showing why they were rejected.

6. DETAILED SCOPE OF WORK. The Detailed Scope of Work is con-
tained in Annex A.

7. WORK TO BE ACCOMPLISHED.

7.1 Perform a Limited Site Survey. The AE shall obtain all
necessary data to evaluate the ECOs or projects by conducting a
site survey. The AE shall document his site survey on forms devel-
oped for the survey, or standard forms, and submit these completed
forms as part of the report. Light levels shall be measured under
typical operating conditions for all areas or spaces being evaluat-
ed. All test and/or measurement equipment shall be properly cali-
brated prior to its use. The requirements for color rendition and
current maintenance and relamping practices shall be noted for
corrsideration in the evaluations.

7.2 Evaluate Selected ECOs. The AE shall analyze the ECOs
listed in Annex A. These ECOs shall be analyzed in detail to de-
termine their feasibility. Savings to Investment Ratios (SIRs)
shall be determined using current ECIP guidance. The AE shall pro-
vide all data and calculations needed to support the recommended
ECO. All assumptions and engineering equations shall be clearly
stated. Calculations shall be prepared showing how all numbers in
the ECO were figured. Calculations shall be an orderly
step-by-step progression from the first assumption to the final
number. Descriptions of the products, manufacturers catalog cuts,
pertinent drawings and sketches shall also be included.
Construction cost estimates shall be provided and shall -break out
the costs associated with rehab work (architectural, electrical,
mechanical) where applicable. Existing and proposed light levels
shall be compared with levels recommended by the Illuminatiocn
Engineering Society (IES) or the Corps of Engineers Architectural
and Engineering Instructions (AEI) for the applicable space and
activity. A life cycle cost analysis summary sheet shall be
prepared for each ECO and included as part of the supporting data.

7.3 Combine ECOs Into Recommended Projects. During the Inter-

im Review Conference, as outlined in paragraph 7.4.1, the AE will
be advised of the DEH'’s preferred packaging of recommended ECOs
into projects for implementation. Some projects may be a combina-
tion of several ECOs, and others may contain only one. These
projects will be evaluated and arranged as outlined in paragraphs
5.1, 5.2, and 5.3. Energy savings calculations shall take into
account the synergistic effects of multiple ECOs within a project
and the effects of one project upon another. The results of this
effort will be reported in the Final Submittal per par 7.4.2.




7 4 Submitc.als, Presentations and Rev.ews. The work accom-
plished shall be fully documented by a comprehensive report. The
report shall have a table of contents and shall be indexed. Tabs
and dividers shall clearly and distinctly divide sections,
subsections, and appendices. All pages shall be numbered. Names
of £he persons primarily responsible for the project shall be
included.The AE shall give a formal presentation of the interim
submittal to installation, command, and other Government
personnel. Slides or view graphs showing the results of the study
to date shall be used during the presentation. During the
presentation, the personnel in attendance shall be given ample
opportunity to ask questions and discuss any changes deemed
necessary to the study. A review conference will be conducted the
same day, following the presentation. Each comment presented at
the review conference will be discussed and resolved or action
items assigned. It is anticipated that the presentation and review
conference will require approximately one working day. The
presentation and review conference will be at the installation on
the date agreeable to the Director of Engineering Services, the
AE and the Government’s representative. The Contracting Officer
may require a resubmittal of any document(s), if such document (s)
are not approved because they are determined by the Contracting
Officer to be inadequate for the intended purpose.

7.4.1 Interim Submittal. An interim report shall be submit-
ted for review after the field survey has been completed and an
analysis has been performed on all of the ECOs. The report shall
indicate the work which has been accomplished to date, illustrate
the methods and justifications of the approaches taken and contain
a plan of the work remaining to complete the study. Calculations
showing energy and dollar savings, SIR, and simple payback period
of all the ECOs shall be included. The results of the ECO analyses
shall be summarized by lists as follows:

a.All ECOs eliminated from consideration shall be grouped into
one listing with reasons for their elimination as discussed in par
5.3.

b.All ECOs which were analysed shall be grouped into two list-
ings, recommended and non-recommended, each arranged in order of

-descending SIR. These lists may be subdivided by building or area

as appropriate for the study.

The AE shall submit the Scope of Work and any modifications to the
Scope of Work as an appendix to the report. A narrative summary
describing the work and results to date shall be a part of this
submittal. At the Interim Submittal and Review Conference, the
Government’s and AE’s representatives shall coordinate with the
Director of Engineering Services to provide the AE with direction
for packaging or combining ECOs for programming purposes and also
indicate the fiscal year for which the programming or imple-
mentation documentation shall be prepared. The survey forms com-
pleted during this audit shall be submitted with this report. The
survey forms only may be submitted in final form with this submit-
tal. They should be clearly marked at the time of submission that




they are to be retained. They shall be bou..d in a standard
three-ring binder which will allow repeated disassembly and reas-
sembly of the material contained within.

7.4.2 Final Submittal. The AE shall prepare and submit the
final report when all sections of the report are 100% complete and
all comments from the interim submittal have been resolved. The
AE shall submit the Scope of Work for the study and any modifica-
tions to the Scope of Work as an appendix to the submittal. The
report shall contain a narrative summary of conclusions and recom-
mendations, together with all raw and supporting data, methods
used, and sources of information. The report shall integrate all
aspects of the study. The recommended projects, as determined in
accordance with paragraph 5, shall be presented in order of priori-
ty by SIR. The lists of ECOs specified in paragraph 7.4.1 shall
also be included for continuity. The final report and all appendi-
ces shall be bound in standard three-ring binders which will allow
repeated disassembly and reassembly. The final report shall be
arranged to include:

a. An Executive Summary to give a brief overview of what was
accomplished and the results of this study using graphs, tables

_and- charts as much as possible (See Annex B for minimum require-

ments) .

b. The narrative report describing the problem to be studied,
the approach to be used, and the results of this study.

c. Documentation for the recommendea projects.
1) Backup information as specified in par 5.1
2) For any recommendations that would require a different
layout of fixtures, a one-line drawing of the area showing
circuiting and switching is required.
d. Appendices to include as a minimum:
1) Energy cost development and backup data
2) Detailed calculations
3) Cost estimates

4) Computer printouts (where applicable)

5) Scope of Work




ANNEX B

EXECUTIVE SUMMARY GUIDELINE

1. Introduction.

2. Building Data (types, number of similar buildings, sizes,

etc.).
3. present Energy Consumption of Buildings or Systems Studied.
o Total Annual Energy Used.

(©)

Electricity

Source Energy Consumption.

- KWH, Dollars, BTU
Fuel 0il - GALS, Dollars, BTU
Natural Gas - THERMS, Dollars, BTU
Propane - GALS, Dollars, BTU
Other - QTY, Dollars, BTU

4. "Reevaluated Projects Results.

5. Energy Conservation Analysis.

o

o)

O

*

ECOs Investigated.

ECOs Recommended.

ECOs Rejected. (Provide economics or reasons)
ECIP Projects Developed. (Provide list)*
Non-ECIP Projects Developed. (Provide list)*
Operational or Policy Change Recommendations.

v

Include the following data from the life cycle cost analy-

sis summary sheet: the cost (construction plus SIOH), the annual
energy savings (type and amount), the annual dollar savings, the
SIR, the simple payback period and the analysis date.

6. Energy and Cost Savings.

Total Potential Energy and Cost Savings.
Percentage of Energy Conserved.

Energy Use and Cost Before and After the Energy Conserva-
tion Opportunities are Implemented.




(¥)) IJ\

164
175
135
04
a4l
431
463
112
110

“Buildings are prioritized, beginning with Bldg # 15, 85 164 and ending with 401, 411

115
1533
150
154
161
228
300
312
333
345
315

655
1167
1169
1163
1150
1116
1149
1122
406
407
410

F-9

401
411
421
441
493




Interim Submittal Meeting At RRAD
Review Comments / Minutes

12/19/95
Present at meeting:
C.A. Pieper, PE Huitt Zollars, Inc., Project Manager
Brandon Driscoll ECMD, Electrical Engineer
Gary Dugan EPD Division, Electrical Engineer
Ross Ramsauer O&M Division, Mechanical Engineer
Maurice Smith EPD Division, Electrical Engineer
Bill Moffitt EPD Division, Mechanical Engineer
Doyle Grider RRAD, Superintendent of Maintenance
1. Gary Dugan expressed reservations about installing electronic ballasts and T8 lamps in fluorescent

lighting at the facility. He stated that problems with harmonic disturbances, generated by
electronic ballasts, could overheat electrical system neutral wires. It was suggested that HZ check
with the Corps of Engineers for guidance on this matter. :

2. Ross Ramsauer requested that HZ check on weather or not this study could be used to apply for
project funding from the FEMP.

3. Ross Ramsauer decided that he would circulate the interim submittal report to all parties at the

meeting for review and comment. He would follow this review with a letter to HZ directing the
final project grouping desired by RRAD.
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ITEM

Responses to Interim Submittal Meeting Comments
Included in Pre-Final Submittal
4/6/95

RESPONSE

After checking with Richard Champagne of the Fort Worth Corps of Engineers office, it
was determined that their current guidance is to recommend the installation of electronic
ballasts in fluorescent light fixtures. He knew of no technical directive which addresses
the concerns raised by Mr. Dugan in the interim meeting.

It was determined that the Forms 1391 which are to be generated by HZ for the projects
in this study, can be used to request funding from the FEMP. Since FEMP has solicited
RRAD to submit funding requests, the projects in this study will be directed toward this
funding source.

Noted. Letter received on 2/2/95. Will proceed as directed. However, with respect to
item 1, the prefinal report will include ECO-2, which calls for installation of electronic
ballasts in fluorescent light fixtures.




Interim Submittal Review Letter From RRAD

SDSRR.OC 2 Feb 1995

MEMORANDUM FOR: Huint Zollars, Inc, ATTN: C.A. Pieper
SUBJLZCT: Red River Army Depot RRAT) lighting survey

1. Reference phone conversaton, 30 J; apuary, 1995, regaeding EEAP mienm report,

2. Request energy conservation op rtunity (eco) numberone * aLe

. & . BE N P isti

incandescent and mercury vapor Lig , be pursued, Hré‘.i:c} moset feasib]
g source which fits the criteria of this project also be purseed. e

3. The point of contact for this subject is the undersigned, phone (503) 334-3615

(o B

ROSS RAMSAUER
Energy Program Manzger




ITEM

Responses to Interim Submittal Review Letter From RRAD
4/6/95

RESPONSE

Noted.

Noted. Will proceed as directed, but will also include ECO-2, Install Electronic
Ballasts and T8 lamps in Fluorescent Fixtures. The facility may decide later to
implement this project. If so, they will have the paperwork.

Noted.

F-13




Interim Submittal Review Comments From USAED, Mobile

MOBILE DISTRICT PROJECT REVIEW COIVENTS Date: 06 Jan S5 Pace 1 of 1
To: Richard Champagne From: (Section) CESAM-EN-IM

Fort Worth District, CESWF-ED-MP (Reviewer) A. Battaglia 205—690—26;8
Project: FYS4 Lighting Study Year: Line Item No.:
locaticn: Red River Army Depot, Texarkana, TX FY-94

Type of Acticn: Interim Submittal Review

TIEM |DREWDNG NO, | OOVENTS " REVIEA ACTION
WD, IR PAR, M.

1. General The overall approach, assumptions, amd
calculations look very gocd.

2. General I want to comment om estimeting ard Life Gycle
Cost 2nalyses, and I want to differentiate
between the Comtractor’s overhead costs and the

i Govermmrenit’s  overhead costs. So, at the risk of
.- insulting the AB's intellicence, I have
attached an example of a cost estimate from a
previcns EEAP study. On this example, all of
the omtractor’s costs for materials, labor,
(equipment remtal and sub-contracting  if
needed), overhead, profit, amd | i
are shown and sumed into a total construction
cost at . tha lower right hand comer of the
sheat, This is the value that should be used in
lina 1A, OXETRUCTIN COST, of the IO Sumery
Sheet. Line 1B, SICH, is the goverment’s cost
for administering the contract; it should be
equal to 5.5% of lins 1A. Line 1C, DESIEN OOST,
is the govenment’s cost for design; use 6% of
Line 1A except for very small or very camlex
projects. Please meke necessary revisions.

3. General The floor plans and ECD data sheets of Appendix
C are excellent; they can be used to dstermine
eactly bow many fixtures are to be changed cut
in each room of amy particular building, When
you prepaxe the project documentation please
include this infommatiom. It will meke the
designer’s job much easier.




ITEM

Responses to Interim Comments From USAED, Mobile
4/6/95

RESPONSE
Noted.
Concur, see revised cost estimates and LCCA Summary Sheets.

Noted, will proceed as directed.
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OCTRON®

Fluorescent Lamps

The Widest Range

of T8 Lamps Available
Through its OCTRON? iine
OSRAM SYLVANIA oilers
more T8 lamp cptions (han
any other manulacturer. This
gives architecis, lighiing
designers, engineers, con-
{ractors and other speciliers
the opportunity 10 select
exactly the right mix of lamps
{0 meet the precise reguire-
ments of an application.

Al OCTRON lamp
20.000 hour zverz
lile when operaiec on
sizr bellesis. Lamps ere
rzied at 15,000 hours when
operzie€ oninsiznt sign
bzlizsts. (These fipures are
based on three hours of
operalion per siarl. Ralings
will improve s burning
cvcles increase. In a typical
10 hour per day application,
for example, life ratings on
rapid start or instant stant
ballzsts are increased by

35 percent ) Beczuse long
life means less frequent lamp
replacement and smalier
iamp inveniones, mainie-
nance cestis can be
subsiantially reduced.

CTRON®

Bipin Linear Lamps
OCTRON bipin lingar flucres-
cent iamps are aveiledie in
iour length/watiage combira-
tions—2-1001 (17W), 3-ioot
(258W), 4-foot (32W) and 3-
foot (40W). This means there
is an OCTRON T8 lamp 10
replace any commonly avail-
aDie bipin T12 lamp in any
standard linear fluorescent
fixture. OCTRON 700 Series
tlamps are available in four
color temperziures— 3000K,
3500K, 4100K ang 500CK—
ang have 2 color rendering
index of 75. The 800 Series
lzmps come in 3000K. 3500K
and 4300K colors and hav e
an exceptional CRI of 83.

OCTRON?®
Single Pin Lamps
Tme OCTRON family incluces

zn E-loot single pin T8 lzamp.
YWhen used in combinglion
with gn 2:gctronic baliest
OCTRON FO3678 tamips can
replace FOET12 sysiems—
saving over 30 wells per Iwe-
iamp fxdure. The 15,000 hour
averzpe raied life of this inno-
vetive lamp is 25 percent
longer than ordinary F9ET12
‘amips. In addition. the argon
il gzs in OCTRON FO96ET8
TS S igssiempereiue
sgnsitive than Ihe kryplon ges
zommonly used in F28T72/88
iamips. This iImproves iight
ouiput i zpplicslions where
coig eir circulates. Available
in 705 Series (75 CRI) &and
500 Senes (£5 CRl) versions
with g choice of 3000K.
2300K z2ng 4100K colers.
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CTRON 800 Sernes izmps gre the Only

OCTRON? ‘
900 Series Lamps

The OCTRONT 200 Series
offers the indust 'y s only full
color specirem T8 Huorescent
lamps. These high perfor-
mance lamps are designed
for 2 wide veriety of color
criticz! epplications. Their
CR! ot 80 is the highest of any
fluorescent lamp and they
fezture a color temperature

of 5000K. The American

National Siandarcs Institute
hae epecified 000K fight
sources for color evaluation

sunzse

zrisons. S00CK
en because it is the
color of gayiight-—an
niversal hom source.
-'%O\ 0% Saries | lamps

.2 2 wigs r'-- of usesin
raph'c arts, textile and qual-

trol apphc tions where

urzle coior eveluation
d COMPparisons are essen-
nalv They zre &'so idzel for
backlighiing displays and
rranslucent signs. OCTRON
900 Series lamps are avail-
zble in the stangard 2-foot.
2-foct. £-fcot and S-foot lamp
lengihs 2s well 28 special
20-incn, 30-inch and 40-inch

ompa

hese
gcec
U

AER:
o
»
4

ima

ﬂ) m QL
B2
0 n

VETSOTS. '-'vcnnucS -c -,e
from T2 30 2C weans. Forin.
crezsed flexibility, ditierent
sizes of OCTRON 900 Szries
ia,'.*:s may be cperated on
3 single m um -lamp instant
sarn e

Lart 2-€Ciromc oahast win

18 Linear
Fluorescent
Lamps

Understanding
OCTRON* T8
Technology

OCTRON 78 lemps cen be
soeraied effectively onrenid
siart meQnetic end repid siant
eiectronic ballests. However,
ss:c:'ac elememis of OCTRON
T8 iechnology are Sesigned
10 achieve maximum per10r-
mance on high freguency.
ingtant start eiectronic
ballzsts.

The primary benefit of running
DCTRON T8 'zmpe on alec-
ranic ballasts is the zbility 10
use iess energy 10 pr oduce a

C "

e fact thal 2n e'octromc oal-
st ¢rves QCTRCHN T8 lemps
1 gn frequency—25 000
z—compared 10 60 Hz for

:y C_SL saving 'C
while j'"o"'ucmc ihe same
output as livorescent Ti2 '
lamps. For gven more sav-
ings. OCTRCN fiuorescent
lamps mzy be operaied with
&s linie as 140 milliamps of
current on insiant start
etectronic ballasis.
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OCTRON’
OCTRON?® CURVALUME®

T8 Fluorescent Lamps

OCTRON® 700 Series Linear T8 Fluorescent Lamps

T AT T Tem T orering . Average Raled - - Initial  Color
Watts -7, Bulb Length (in.) ~ Number Abbreviation Life (hours) .- Lumens Temp."”

W7 T3 24 1 2009 132 300K 73
7 18 24 183 200 1325 3030K 75
in 1-8 24 Megium Sipin 21831 2000 1325 410K 75
23 1-8 35 Medivm Bipin 20E 2000 25 3090K 75
25 T8 35 Medium Bipin 2187 2030 5 2500K 75
Yol 13 33 h Bipin Paris 2300 25 4104 75
2 T1-3 43 i T Sinin 2HEs2 2000 pEsa) 32K IF]
k2 T-3 28 Msdium Bipin 27823 2230 2300 75
2 T 18 42 Kedium Bigir 2°824 ey 403K 73
32 T-8 43 27503 3 5330K 75
Ll 1-8 Y 21853 3% 3003K 75
2 7-8 59 Medium Spin 27820 359 250K 75
& T3 5) Medium Bipin 28 30 230K 7S
22 IE:] &5 Single Pin 21534 570 300K =]
23 -8 ] Singie Pin 21838 270 2BIK 75
5 T8 % Singie 7 P 570 S0 7
OCTRON? 800 Series Linear T8 Fluorescent Lamps
LT Nominal liem - Ordering . Average Rated ~ Initial
‘Watls *" Bulb - - Length (in.} Number Kbbreviation . . Life (hours) -~ Lumens

W T3 24 A 2399 3033K %5
i 78 24 T Z 2500 S500K £5
i 72 24 Nediym Spin 2 2300 200K g5
P 1-8 35 Megium Bioin 7813 300K 25
& 13 35 Megium Sipin patats 250 &
= 7-8 335 Megium Bipin Rkt 4500 &
R 7-8 8 pafrs] 330K &
= T8 <8 024 500K &
2 13 8 e 250K 25
35 1-8 28 21830 3000K €5
k3] 7-8 3 Mediym 3.pm 531 223K 85
K T8 28 Medium Sigin 2183 FC36241 410K 85
& 78 8 Medium Bipin 218 F3EY) 3000K 85
4 T-8 &0 n 21829 FULG/E25 353K g
B 7-8 83 ; ] el 210K 85
3 T-8 95 21897 FO95E30 3000K &
38 13 85 Single Pin 29808 el 230K LAY
0 T8 %5 " Single Pin 218%9 FO%B41 4100K g5

OCTRONE® 900 Series Linear T8 Fluorescent Lamps

R e T T o e - v T AN T w e o e e L

L Nominal ) Hem Drdering Average Rated Initial
-Walis ... Bulb . Length (in.) Abbreviation _Life (hours) - - Lumens _
1 T8 20 20000 7%

7 13 2 250 55

21 T8 30 X 30

s T-8 36 25000 1250

2! 1-8 L) 2530 Sy

2 ™2 2 2m 3

& 13 0 2050 pras




Ordering Information

OCTRON® CURVALUME?® 700 Series T8 Fluorescent Lamps

. Nominal ltem Ordering Average Raied Initial Color
Walls Bulb Length {in.)  Base Number Abbreviztion Life (hours) Lumens Temp. CRI
6 7-8 163 Medium 3isia 21782 20000 1225 300K 75
16 1-8 103 Wegivm Bip: 2380) 23000 1225 353K 75
6 T8 103 Wizgiu 21832 2000 1225 400K 7
24 T8 i85 2174 F3024730 2000 025 300K 75
24 1-8 €3 2380 2500 2385 283K 75
24 T-8 i85 238 23000 2025 4300K 7
3 1-8 25 2179 20000 5 300K 75
31 - 18 225 21607 23300 ey 3500K )
31 18 25 21 2000 790 410K 75
-3 13 23 2 20000 52K 75
R 1-3 228 2 20000 30X 5
32 T-8 25 2 23000 3000K 73
32 18 225 21839 2000 4700K 75
OCTRON?® CURVALUMES® 800 Series T8 Fluorescent Lamps
Nominal llem Ordering Average Rated Initial .
Watls Bulb Length (in.) Number Abbreviation Life {hours) Lumens CRI
5 15 TR 25000 1330 &5
8 7.8 R 2200 1303 £5
1% T1-8 1435 22000 1330 &
24 1-8 €3 20000 Ay S
24 15 82 730 s &5
24 13 %3 2090 2725 &5
0 78 2% 2000 225 25
31 18 223 bl 23000 rENY &5
31 78 225 Medium Sipin 3 20330 22537 &
R 78 23 Medium Binin FA0T2EILH 200 350 &
32 -8 25 Nedium FIl32EED 2500 30 £5
2 1-3 Z3 g HEACA N 2020 nn ]
Sample Specifications
OCTRON?® OCTRON® CURVALUME® OCTRONS® 900 Series

Lamps shall be SYLVANIA OCTRON?®

ing 2 T8 buld ang
gle pin"*) bases. Lamps shall have a correlat-
ed coior temperature of (3000K., 3500K.
4100K, S5000K) and a color renoering index of
(73, £3). They ere ic be opereizd on
(magnetic rapic stan. electronic instant
start, eieclronic regic sian) belizsts.

medivm bipin, sine

only in BOC Ser <5

.
"
Qe

For Orders
And General
Information

(FO17, FO25, FO32. FO36°, FO40, FOB6) hav-

Consumer Products

Lamcs shall be SYLVANIA OCTRON?®
CURVALUME?® {F30186, FB024,
FRO31,FB3022°) having 2 (3%, €Y leg
spacing and medium bipin bases. Lamps

rall have a2 correlated color temperature of
_____ (3000K. 2500K. 4100K. 5000K) and a
color rendering ingex of (75. 83). Tney
are fo be operzted on ____ (magnetic rendid
Siam, eleclronic insiant siar, eiecironic rapic
siE

Specialty Lamps Markets Prcre

Lamps shail be SYLVANIA OCTRON 200
Series fluorescent lamps having medium bipin
tzses Lamps she! “ave 2 corgleted co'er
temperature of S5000K and a color rencering
index of 80. Lzmp leng:hs shall be

(20", 247, 307, 36", 40", 48", 60°). Lamps shall
be operated on ____ {magnetic rapid siar,
eiectronic instant stan. elecironic reoid sian)
paliasts.

OSRAM SYLVANIA National Cusiomer Support Center, 15725 N. Union Street, Westfield, IN 46074
Industrial Commercial Pnore 32C72

820T€2-7161

Fax: Fax:  800:/762-7192
Phcoe Nationa! Accounts:
Far 3 Industrial Commercial Prce 3
Consumer Products Prone B
rex




Electronic Lighting Systems

The Systern Solution

A Complete Range

of Fluorescent

Systems

OSFANM SYLVANIA offers 2
QUICKTRONIC® sysiem o
provide optimum periormance
with every OCTRON?® znd
OCTRONT CURVALUME®

T8 lamp. There ere &lso
QUICKTRONIC systems for
DULUX® L and F98T12 lamps.
Al QUICKTRONIC sysiems
have 2 high ballzst facior and
high freguency circuitry for
maximum light output and
efficiency with minimzl lamp

- flicker. Multi-ilamp ballzsts

power up 10 four lamps with
pareliel circuitry that keeps
or more fai's. QUICKTRONIC
sysiems zre ideal for either
retrofit or new instaliztions.

QUICKTRONIC®
SYSTEM 32

QUICKTRONIC SYSTEM 22
is designed (o Ls2 OCTRON
32W 78 fluorescent lamp

and proviges illuminziion
equal 10 en F40T12 system
with 40 percent less eneigy
usage. It can 2iso operzie
17W, 25W and 20W 78
lamps, OCTRON
CURVALUME lzamps and
40W T5 twin lamps.
QUICKTRONIC SYSTEM 32
is available in 120V and 277V
versions 1o drive one, two,
three and four-lamp systems.
OCTRON z2nd OCTR0ON
CURVALUME T8 lamps are
aveiiabie in 75, 85 ang 80
CRl versions and crovice
energy savings, high lumi-
nous giicacy and excenent
color rendition. The DULUX L
40W is a single ended twin
tube lamp that provides near-
lythe same light cuicites a
4-foot linear tamp.

QUICKTRONIC®
SYSTEM 36

QUICKTRONIC SYSTEM 36
is designed 1o opereie
OCTRON 38W T8 lamps. It
orovices up 1o 30 percent
more lumen oulput than 2
stancard 22W T8 system. It
also operaies DULUX L 38W
twin tube {luorescent lamps.
QUICKTRONIC SYSTEM 36 is
a two-lamp system available
in 120V and 277V versions.
OCTRON 36W T8 lamps are
available in 3000K, 3500K
and 4100K versions ang have
2 CRl of &5. They provide
exceptional luminous etficacy
angd energy efficiency. The
DULUX L 28V singie enced
swin tube lamp provides near-
ty the same light output 2s a
4-doot lingar lamp 2nd has an
eificacy of up 10 &1 lumens
per watt.

QUICKTRONIC®
SYSTEM 59
QUICKTRONIC SYSTEM 28 is
cssigned i operete
QCTRON FO2e78 lamps. It
proviges iliuminziion equzi 1o
FE3T12 lzmps with 20 per-
cent less ensroy Lsage.
Because it is smaller and
lighter than the F98T12 mag-
netic beliast it replaces,
insteliation is ezsier and more
fiexible. QUICKTRONIC
SYSTEM 29 is a two-lamp
sysiem available in 120V and
277V versions.,

OCTRON FC2878 larps
Rave 2 singls pin bzse end
are designed 10 replace
F26712 lamps. OCTRON
~O3678 iamps come in three
color temperatures—3100K,
3300K and 410CK and z'e
sveilzblein 75 CRlang £5
CRI versions.




QUICKTRONIC®
SYSTEMS

\ \ \ QUICKTRONIC®
. SYSTEM 55
System Solutions SaveEnergy QUICKTRONIC SYSTEM 55 is
Cesigned to operate DULUX®
L 32W hwin tube fiucrescent
_ re— amps. It provides up to 50

percent more lumen output

PEapN

QUICKTRONIC®
SYSTEM 17
QUICKTRONIC® SYSTEM 17
is designed to operate
OCTRON® 17W T8 and
OCTRON?® CURVALUME®
18W lamps with full energy
efficiency, high lumen output
and low harmonic distortion.
QUICKTRONIC SYSTEM 17 is

sizndard T5 twin lamps

ow ro less in system effi-

a three-lamp systiem available
in 120V and 277V versions.
OCTRON 17W T8 and
OCTRON CURVALUME 16W
lamgps are aveilebie in both 75
and B85 CRI versicns. When
used in QUICKTRONIC
SYSTEM 17 they provide
energy savings, high lumi-

cigncy. This is the icsal sys-
tem for high lumen indirect,
cove zngd 2x2 fixtures.
QUICKTRONIC SYSTEM 35
is ¢iiered s 2 one or two-
lemp systemin 125V and
277V versions.

DULUX L 33W twin tube
lzmgg provice up o 50 per-

cert mere licht cutput than
nous gliicacy and excelient e'z=card T5 twin lamips.
coior rendering. DULUX L lamps oiier 2n el
cecy of up to 81 lumens per
QUICKTRONIC® vzt znd zre availzble in
SYSTEM 96 3000K, 3300K 2nd 4100K
QUICKTRONIC SYSTEM 28 versions.

is designed to operale both
standerd and energy seaving
SYLVANIA FeET12 lamps and
FOBT12/HO lamps. It provides $200
high lumen output, exiremely
etficiant cperation anc up 1
20 percent energy savings $150
when compared o oider
megnetic ballests. Cther

T12. SLIMLINE angd H.O.
tamps can also be driven.
QUICKTRONIC SYSTEM 96 is
a twe-izmp sysiem aveilabie
in 120V and 277V versions. $50
SYLVANIA Fa6712 SLIMLINE
and F96712 High Output
lamps are availeble in a $0
range of colors with up to 80
CRI. Stencard and energy
saving versiors zre availatle. .s50 o




OSRAM SYLVANIA Ordering Information

System Solutions

QUICKTRONIC‘ Electromc Systems for Fluorescant Lamps

55 1 31

27 1 3

70 2 g

58 2 £2 .

58 3 &3 £3 <20

50 3 £3 13 <20

223= 4 110 £7 <20

£3 4 710 £7 <20

£2 2 78 103 <20

57 2 75 103 <23
2 L) £5 <23
2 105 £5 <20
3 53 5 <)
3 32 25 <20
2 95 &8 <29
2 135 8 <D
2 210 57 <d
2 0 £7 <20
Z 110 100 <20
2 350 1 <)

ACCUTRON!C"" Low Voltage DC Electrom ysie'ﬂs for Compact Fluorescent Lamps

3 0rd=rmg
Abbreviation

7-812 12 '-9'\“ Suix SZEDE
7-8724 S DA SEE DT 1 ] 1.00

-@uﬁ@‘&%— T AT, Ba"n?st AR
I Lahgsgw Wanaue (W)i2sh=; Faclor :&_4_:_5‘;;% THD;

42330 PT-DE 70120 123 70W HQ!-DE 1 80 1.00 <10

48301 PT-DE 707277 217 70w HOI-DE 1 80 1.00 <i0
For Orders OSRAM SYLVANIA National Customer Support Center, 18725 N. Union Street, Westfield, IN 26374
Industrial/Commercial Phone: 800/255-5042 Specialty Lamps/Markets Pnone: 800/762-7181
And General Fax. 307555243 Tix 530TE2TTE2
. Consumer Products  Pnone: BDO/E42-7070 National Accounts:

Information Fax. 2008227011 Industrial:Commercial ~ P~o-e BD/3€2-2671
Consumer Products Phone: 8D0/5E2-2672
Fax:  BOD'DE2-4€74

G-7




in ’irmg and Energv E

| January—June 1995

Department of Engineering Professmnal Development -

College of Engmeenng

G-8




For More Information or To Enroll

To request brochures for particular courses or 1o enroll, complete the

attached postpaid card and mail it.
Or fax it toll free to 800-442-4214 or 608-265-3448.
Or call toll free 800-462-0876 or 608-262-2061.

General Information

Fees Course fees generally cover a prepared set of notes, lunches, and relreshments,
and may include a dinner, a text or special equipment use. Fees and course dates listed
hercin are subject to change. Fee discounts are often available when two or more
people from the same organization attend a course.

Prc-payment Not Required Enroll now, and well bill you lJater. Or send a purchase
order or check, payable 1o UW-Madison, to the Wisconsin Center, 702 Langdon
Strect, Madison, W1 53706. We also accept MasterCard, VISA and American Express.
Location Unless otherwise specified, our courses arc conducted at complete confer-
ence facilitics in Madison, Wisconsin.

Accommodations Your cnrollment confirmation will include hotel/motel information.
Advisc us at the time of enrollment if you are a person with a disability and desire
special accommodations. Requests will be kept confidential.

Save on Air Travel Your enrollment confirmation will include details on

discounted airfares.

Continuing Education Units Upon successful completion of our continuing cduca-
tion courses you will carn a specified number of Continuing Education Units (CEU).
Some courses listed in this brochure carn university credits.

Profcssional Development Degree This is an alternative advanced degree for
practicing engincers. The courses described in this brochure can apply as credit
toward this University of Wisconsin Professional Development degree. Call for
dctails and qualifications.

Distance Education Because it is often more convenient for you, we offer several
ways for you to take our courses at home or at work. See pages 12-15 for details.

For Course Schedules in Other Engineering
Areas Call Us!

Coursc schedules are available in these arcas:

Building Design and Construction

Civil and Environmental Engineering

Electrical Engineering, Electronics and Telecommunications
Manufacturing and Product and Process Engineering

UW-Madison provdes equa! ities in employ and prog including Title IX requirements.
Prnted on recycied paper with vegetable-based ink. Piease recycie this brochurs.

Degadment o naineeung
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industrial Energy Systems
(EM4)
May 1-5, 1995 5208D

Success{ul industrial encrgy managers
have cut energy indices by 25 percent or
more. This coursc will provide methods
1o help you develop an appropriate
cnergy index for measuring performance
and controlling encrgy costs. You will
rcview the basics of process energy
analysis and compare theorctical,
potential, and actual performance of
industrial energy systems. Your learning
will include the latest heat recovery
technology, combustion cquipment,
adjustable speed drives and digital
process controls. Plan to work with
other energy managers in solving typical
industrial encrgy problems. Topics for
this coursc include:
« cncrgy management performance
analysis and forccasting

» process energy analysis techniques

+ cnergy clficiencies of commonly uscd
systems

* optimization of operation and control

» cost-effective retrofits

* latest technology for waste heat
utilization

« encrgy-clficient designs, systems and
components for replacement and new
construction

= methods for analyzing potential
savings.

Fce: $1145 Dircctor: Keith Kempski

Building Energy Systems (EM3)
July 17-21, 1995 5238D

Developing Effective
Energy/Environmental
Programs (EM1)

September 11-15, 1995 5773D

¥ HVAC Systems for

Buildings

Piping Systems for HVAC
February 20-24, 1995 5015D

This course will develop your under-
standing of {luid systems encountered in
air conditioning of buildings, and
specilically of piping systems for water,
steam, and refrigerants. Emphasis will be
on understanding the factors that
influence pipe sizing, balancing, and
pump selection to mect the air-condi-
tioning system nceds.

Fec: $1095 Dircctor: Harold Olsen

Direct Digital Controls
for HVAC

February 27-March 3, 1995 5023D
in Las Vegas, Nevada

june 19-23, 1995 5028D
in Madison, Wisconsin

This course introduces you to the design
and application of dircct digital controls
(DDC) for commercial and industrial
HVAC sysiems. The course begins with a
thorough discussion of the capabilitics
of system architecture and communica-
lion concepls, programming concepts,
and performance of peripherals. The
coursc then proceeds 10 apply DDC o
the requirements of air conditioning
cquipment and distribution systems
from packaged roofiop single zone 1o
built-up dual fan VAV systems. Point
sclection and cconomic analysis are key
points of discussion. The dilferent
programming concepts available today
(line programming, menu or block
programming, and graphical program-
ming) will be discussed and demon-
strated. The course concludes with a
detailed presentation on the acquisition
process, including plans, specifications,
and project management. Sample specs
and drawings are part of the course
matcrial.

Fec: $1145 Dircctor: Charles Dorgan
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Energy Management

Professionals in the encrgy field can
participatc in the Encrgy Management
Diploma Program, which focuscs on
developing management abilitics and
estuablishing a workable encrgy manage-
ment organization. Each course provides
comprehensive coverage of a specific
aspect of energy management. You can
attend any one course or all, in a sequence
convenient to you. Qualificd individuals
who complete all four courses and an exam
may earn an cnergy management diploma.

.!- P

.3 This course exemplifies what I
expect from your courses: techni-
cally proficient speakers who also
provide enjoyable presentations.

Gerald Menefee
Director of Community Services,

City of Gladstone, Missouri s+ /

For more information or to enroll,
please call 800-462-0876.

V¥ Successful Energy Project

Analysis and Selection (EM2)
March 6-10, 1995 5235D

To identify, evaluate or select effective
encrgy conscrvation measurcs, you nmust
understand where and how cnergy is
used in your facility. You must analyze
utility bills and rate schedules for
opportunities to reduce costs. Finally,
you must understand your company's
investment criteria to ensure that
recommended projects are funded. This
course will help you develop an orga-
nized approach to encrgy data gathering
and analysis in your facility. You will
learn how to use key energy manage-
ment tools—f{rom a thorough and
ellicient walk-through energy audit to
the latest microprocessor-based elec-
tronic data collection techniques. You
will look at sources of energy use
information—in-house technical
personnel, consultants, and utility
companies—studying the strengths and
weaknesses of each and determining the
best source of information for your
facility. Help ensure good energy
calculations and economic analyses by
studying:
* what to include in clfective cnergy
audit reports
» what auditor experience is necessary
* how 1o use utility DSM programs
» what procedures and calculations
1o use
*» uselul instruments and
measurcments
* how to analyze utility rates and
schedules
* how to calculate energy savings
and benefits.

Fce: $1145 Director: Keith Kempski
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Energy Auditing/
Analysis

These courses arc part of a scries that will
help you to focus your technical expericnce
on the shills required for auditing or
analysis, rather than designing, various
building and cnergy systems. Our auditing
courscs combine a mix of classroom
lectures and on-site fieldwork. You gain
both the theorctical background and the
practical experience for understunding
cnergy systems found in all types of
buildings.

HVAC Systems and Controls
February 6-10, 1995 5234D

Improvements in HVAC systems and
controls are unique because simple or
complex changes often result in approxi-
mately the same level of performance
improvement. Yct, investment costs and
paybacks will vary substantally. This
course will help you to understand your
options and make the best decisions.
You will analyze systems, cvaluate
performance and recommend improve-
ments for comfort and encrgy conscrva-
tion. Plan to study these topics and
more:
» HVAC system characteristics
« psychrometrics and control of
HVAC processes
e air distribution, comflort and
indoor air quality
+ successful variable air volume
retrofit strategies
+ tcmperature controls, energy manage-
ment and direct digital controls.

The course will build upon material
presented in our course, Fundamentals of
Encrgy Auditing.

Fec: $1095 Director: Keith Kempski

i

S

Fundamentals of
Energy Auditing
April 24-28, 1995

Auditing of commercial buildings
demands skills different from those used
with residential structures. This course
teaches you a proven approach to doing
encrgy audits. You will review basic
systems—HVAC, plumbing, clectrical,
and building envelope—as they apply to
small commercial buildings. Principal
topics will include:

4670D

« building cnergy use fundamentals

* cnergy estimating methods

s HVAC and lighting system basics

e ¢ffective data collection and analysis
techniques.

Fec: $995 Dircctor: Don Schramm

Commercial/Industrial
Energy Analysis

August 14-18, 1995 5239D

Subjects were covered well. [
appreciated the ample opportunity
to practice hands-on the subject
material.

Jeffrey S. Nettesheim
Utility Engineer
Village of Germantown, Wisconsin
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Mechanical Engineering
and Energy Courses

Central Utility Plants

Improving Cooling Tower
Operation and Cooling
Water Treatment
January 4-6, 1995 5644D
Systems cngineering and water treat-
ment considerations for modern water
‘ cooling facility operations will be the
emphasis for this intensive three-day
course. You will study in-depth the
causcs and correction of water-related

cooling system problems.
Fce: $795 Dircctor: Jack Quigley

Boiler Plant Operation

and Orientation

January 9-11, 1995 5645D
Increase your basic understanding of
boiler plant operation and of boiler plant

auxiliaries such as turbine systems.
Fce: $795 Dircctor: Jack Quigley

S8

'Of all the seminars I've taken over
the years, this was by far the best
because the topic was thoroughly
covered—not the usual superficial

treatment.
Richard Yancey
Quality Assurance Consultant
I/N TEK PN

New Carlisle, Indiana ¥

-7

For more information or to enroll,
please call 800-462-0876.

¥ Cogeneration Technology
March 13-17, 1995 5016D
During the last 10 years, significant
improvements in cogencration equip-
ment and cogencration systeis have
been made. Today both large and small
energy users can benefit from a cogen-
cration system. Given the increase in
clectrical demand, cogeneration can
produce an cconomic payback of six
months to two years for peak shaving or
supplementary power. Longer term
paybacks are possible [or locations that
need large reliable encrgy sources. This
course focuses on concept design and
preliminary cquipment sclection to aid
you in decision making and rough plant
layout. During the group design scssions
you will make individual and group
judgments, calculations, and decisions
for a given application. Computer
software [or preliminary analysis will be
provided.

Fee: $1295 Director: Harold Olsen

Basic Boiler Water Treatment
May 8-10, 1995 5646D

This course provides a basic understand-
ing of low- 10 medium-pressure boilers
{or heating or process operations, and
stcam-generating systems and their
componcents and operating problems.
You'll gain a working knowledge of the
mecthoeds available to protect this costly
capital cquipment from premature
failure or damage by scaling, corrosion,
and carryover.

Fee: $795 Director: Jack Quigley

Boiler Plant Optimization:
Basic Concepts and
Applications

June 5-8, 1995

This practical course presents the
[undamental aspects of conventional [uel
combustion, with emphasis on how
these influence boiler plant operations.
Fce: $895 Dircctor: Jack Quigley
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the Watt

»5  Stopper

Office
Buildings

Colleges &
Schools

Retail &
Hatels

HVAC, EMS,
Light Level &
Misc

The Want Stopper®, Inc.

2B00 De La Cruz Eivd
Sania Ciara, CA 55050
Tel: (408) $88-5331
Fax: (408) 988-5373
National Technical Suppont
Pano. Texas: (800 679-8585

= <X}

Applications

The Wart Stopper manufactures the mest complete line of 2utomatic lighting controls. A
combination of Ultrasonic, Passive Infzred 2nd Dual Technology sensors caa be used to
configure any zpplication. For specific information on how the technologies work see
“Passive Infrared Sensor Technology” , “Ulrasoaic Technology”, and “Dual Technology”
sections under ‘technical data'. Some of the most common uses are described here.

The Watt Stopper occupancy seasors zre the perfect product to control ighting in the
office environment With 21l three technologies, effective energy savings czn be achieved
in every space. Our recommendations zre:

*« OFFICES - WPIR, W1 or WS series wzll switches 1570% Savings
¢« OPEN OFFICE SPACES - CI-100, CI-200, W,1000A W2000A. DT-100L  5-25%  Savings
« CONFERENCE ROOMS - W3500A W1000A, DT-100L, C11100 20-65% Savings
» COMPUTER ROOMS - DT-100L, WPIR, CL1-100 20-53% Savings
* RESTROOMS - Ultrasonic sensors 30-:75% Savings
¢« CORRIDORS - CI-1100-2, W200CH 3060% Savings

The Watt Stopper occupancy sensors have been very successful in elementary, secondary,
ar.d college applicetions. For schools we recommend:

¢ LARGE CLASSROOMS - DT-100L, W20004, CI-100, CI-200 20:75% Szvings
» SMALL CLASSROOMS - W10024, CL100, WFIR 0-75%  Savirgs
* CORRIDORS - C1-100-2, W2000H 3650% Sevings
¢ RESTROOMS - Ultrzsonic sensors 35373% Savings
* TEACHERS OFFICES - WPIR W] or WS series wall switches 30-30% Savings
« GYM'S AND MULTIPURPOSE - DT-100L, Cl-100 3570% Savings

The Wan Stopper occupancy sensors help you reduce energy costs while sill meeting the
special needs of your customers. For the mest drametic savings we recommend:

¢ STORAGE AREAS - DT-100L. Ulzrasonic, WPIR C1-109, C1-200
* MEETING ROOMS - DT-100L. W5004, W1000A. CI-100, C1-200
s WAREHOUSES - DT-100L, W2000A, CI-100, C1-200

4385% Savings
40-65% Savings
50-75% Savings

HVAC and Energy Management Systems can be used in combination with zny and all
Yatt Stopper products. Every sensor can be used to turn lighting on and off in addition to
producing information or signals for the other systems.

® HVAC - Use the DT-100L, CI-100 or C1-200 for independent “on” and/or independent
“off” for any area.

¢ EMS.The Watt Stopper sensors czn be used to ceatrol lighting loads independently or
in conjunction with EMS systems.

« Light Level - The DT-100L. CI-100 and C1-200 hzve a separate output to isolate 2 circuit
for Light level control.

* Cold Storage, Outdoor applicadens: CB-100, CB-200




APPLICATION - OPEN OFFICE AREA

Ultrasonic, PIR, and Dual Technology Sensors in
Open Office Area & Partitioned Offices

- -Application —

1. Check square footage of area.
Use coverage templates.

3. Designing for smaller zones resulis in
greater energy savings.

4. Mezke sure PIR sensors have clear view of
- the controlled area.
5. Specify time-delay to match activity level of

the space.

(See enclosed “Timer Test Study™)
For an open office area with
12-3lamp fixtures = 1.44 Kw

x $.10 per Kwh = §.144 cost per hour

Save 4 hours per day Mon-Fri
Save 6.5 hours per weekend

Totzl hours saved = 26.5 hours x 32 weeks
= 1,378 hours per year

1,378 hour x $.144 cost per hour
- $198.43 ANNUAL SAVINGS

Ulirasonic Sensor
<~{> Dual Technology Sensor
Cl-100 Passive Infrared Sensor

Ultrasonic sensor & power pack = $125.00
Installation = $60.00

Total Cost =$185.00

Pavback = 11.2 Montbs

ROI - 107%

DT-100L & power pack = $160.00
Installation = $60.00

Total Cost =$220.00

Payback = 13.3 Months
ROI = 90%

2-Cl-100 sensors & power pack = $180.00
Installation = $90.00

Total Cost = $270.00

Payback = 16.3 Months

ROI = 74%

0ap s 2 **Sensor, power pack, and installation costs are approximate.

.'"""""'"""g""""'"""_
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APPLICATION - COMMON AREA

Ultrasonic, PIR, and Dual Technology Sensors in
Common Building Areas Larger Than 300 sq {t

Application

Conference rooms, computer rooms, main-
tenance areas, classrooms, vending areas,
lunch rooms, copy rooms

Check square footage of area.

2. Use coverage templates.

3. Mzake sure PIR sensors have clezr view
of the controlled area

4. Place sensor or “mask” lens so it does not
“see” outside the room.

5. Specify time-delay and sensitivity to
match activity level of the space.

8-176 Watt 2'x 4' Troffers
= 1.41Kw x $.10 per Kwh
= §.141 cost per hour

Szve 4 hours per day Mon-Fri
Save 12 hours per weekend

Total hours saved = 32 hours x 52 weeks
. = 1,664 hours per year

1,664 hour x 8.141 cost per hour
- $234.62 ANNUAL SAVINGS

24
“For single, T
centered @
door opening \
Hinged
side of
- L door
——Centered between
@ doors ‘0’

For two
goor room

AL

@ Ukrasonic Sensor
<-—-D Dual Technology Sensor
C1-100 Passive Infrared Sensor

Payback/ROI

Ultrasonic sensor & power pack = $125.00
Instzliation = $60.00 ‘

Totzal Cost =8$185.00

Payback = 9.5 Months

ROI = 127%

DT-100L & power pack = $160.00
Installation = $60.00

Total Cost =$220.00

Payback = 11.3 Months
ROI = 107%

C1-100 & power pack = $100.00
Installation = $60.00

Total Cost =8160.00

Payback = 8.2 Months
ROI - 147%

03sC2 **Sensor, power pack, and installation costs are approximale.
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" APPLICATION - AREAS UNDER 300 SQ FT

PIR Sensors and PIR Automatic Wall Switches in
Building Areas of Under 300 Square Feet

Application

Offices, computer rooms, maintenance areas,
vending areas, copy rooms, utility rooms.

Check square footage of area.
Use coverage templates.
Make sure PIR sensors have clear view
of the controlled area

4. Place sensor or “mask” lens so it does not
“see” outside the room.

5. Specify time-delay and sensitivity to
match activity level of the space.

3-176 Watt 2'x 4' Troffers
= 528Kw x $.10 per Kwh
= 8.053 cost per hour

Save 4 hours per day Mon-Fri
Save 12 hours per weekend

Total hours saved = 32 hours x 52 weeks
= 1,664 hours peryear

1,664 hour x_$.053 per hour
- $88.19 ANNUAL SAVINGS

N

o U L

Wall Switch Replacement

Ceiling Mount Sensor

&) eren L ©

@ Wl or WS Serfes
Automatic Wall Swilch

WPIR Sensor
For enclosed office, use placement A or B.
If the wall on the right does not exist, use
placement B.

"~ Payback/ROI

WI or WS Wall Switch = $60.00
Installation = $20.00

Total Cost =$80.00

Payback = 10.9 Months
ROI - 110%

100

WPIR & power pack = $80.00
Installation = $60.00

Total Cost =$140.00

Payback = 19 Months
ROI = 63%

0392 - **Sensor, power pack, and installation costs are approximate.




APPLICATION - RESTROOMS

Ultrasonic Sensors in
Restrooms

~Application "
Large restrooms (with or without
partitions).

1. Check square footzge of area.

2. Usecoverage templates.

2. Place sensor as close as possible to
stzlls. Ideally, over the top of
stall entrance.

3. Make sure ultrasonic sensors are
installed 6 to 8 feet eway from air
supply diffusers. '

5. Specify time-deley and sensitivity to
match activity level of the space.

(See enclosed “Timer Test Study”)
8- 80 Watt 2' x 4' Fluorescent fixtures
- .B64Kw x .10 per Kwh

= 8.084 cost per hour
(Consider exhaust fan and bellzst load)

Save 8 hours per day Mon-Fri

(Typically lights in bathrooms are on
16 to 24 hours a day)

Save 27 hours per weekend

Tota!l hours saved = 67 hours x 52 weeks

- 3,484 hours per'year

3,484 hour x $.064 per hour
- §222.98 ANNUAL SAVINGS

OJO]O101010

=k

[ — 11 1 0 _

O O O

@ Ultrasonic Sensor

Ultrasonic sensor & power pack = $125.00
Installation = $60.00

Total Cost =$185.00 )
Payback = 9.9 Months

ROI = 121%

035.9C.2 *Sensor, power pack, and instaliation costs are approximate.
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APPLICATION - HALLWAYS

Ultrasonic and PIR Sensors in

Hallways

= Application ~
Hallways, corridors, aisleways.

1. Check square footzge and
ceiling height of area.

2. Usecoverage templates.

3. Do not use ultrasonic sensor if
ceiling height exceeds 14 feet.

4. CI-100's are recommended for
zisleways — do not use ultrasonics.

5. Mazke sure ultrasonic sensors are
instzlled 6 to 8 feet away from air
supply diffusers.

6. Point ultrasonic receiver openings
down the hailway. Mount CI-100
with lens facing down the hallway.

7. Specify time-delay znd sensitivity to
match activity level of the space.

(See enclosed “Timer Test Study”)
8- 80 Watt 2'x 2' Troffers

- B84Kw x$.10 per Kwh

- $.064 cost per hour

Save 12 hours per day Mon-Tri
Save 33 hours per weekend

Total hours saved = 83 hours x 52 weeks
= 4836 hours per year

4,836 hour x $.064 per hour
= $309.50 ANNUAL SAVINGS

o3IC2

H

Hallway length = 80'

Payback/ROI
Ultrasonic sensor
& power pack = §125.00
Instellztion = $60.00
Totzl Cost =$185.00
Payback = 7.2 Months
ROI =~ 166%

CI-100 &

power pack =~ $100.00
Installation =~ $60.00

Total Cost = $160.00
Payback = 6.2 Months
ROI - 193%

O O O UOgO 0O 0O O«

2] R

@ Ulirasonic Sensor
@ Cl-100 Passive Infrared Sensor

**Sensor, power pack, and installation costs are approximale.
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18W & 26W Fluorescent Light Fixture

™

Herculux
® 4000

High Abusa_ {
18W (239 7T+
26W (2x13W) TT
28W Quad Tut

Fluorescent’

U.L Lieted tor Wa
Damp »nd Wl Locations

ne RERCULUX™ 4000 series is tho
-glarred cholce for cold weather, high abuse
626 that demand & compact size luminairy
h an erergy efficient fluorescent iamp
surce. Typicel eppliczticrs incluce
serweys, stairwells and exlericr building
safions for schools/universilies, park ang
acreational fecilities and commorcial
Sengs.

EATURES

The rew -20°F 2BW quad tube fiucrescent
amp featres appreximaie lumen octput of
‘00W inzardescent anc is gasketed for
210001 lighting applcations.

“Sw watiege fluorescont source reduces
isvesimer] and can be tesouped in first
wmp teplacament cycle.

Low protile and shatierproof design, fuily
Jaske'ec, cotresion resislant to outside
elamente enables the fixture to bo usedinea
Tutiivds of apoiications.

-ENERAL SPECIFICATIONS
Refraclor—injection moided polycarbonats
leng is clear prismatic and UV stabllized.
Nominal thickness .125°. Wraparound
gasign encloses and protects s!l meial pants
i-am the elements.

Finlsh—All prime cold rofed sieel materals
3re phosphato coated and electrostatically
finished aher all other opsrations with a 2.5
mil white vrethane powder and baked to
form & §2% roflectivo, smooth, glocsy, non-
sorresive durable coating.

+ Basoplate—16 gauge prime cold rolied
steel with white urethane finish,

+ Gesket—Sealight desipn uses high ouality
closed cell neoprens rubber to dlock out
moisture, dirt and insecss,

+ Ballest—Uses one or two prehest belizsis;
no starier o maintaln,
Mocel 4018: two BWTT, 120V, NPF (25°F).
Model <026: two 13WTT, 120V, NPF {32°F).
Mode] ¢<028: one 28WQT, 120V, NPF (- X0°F).

» Lamp {not includect)—Uses engrgy sif.cient
twin tube or quad wbe fluorescent lamzs.
Mogel 407 8: two 8W twin fubes.

Mogel 4026: two 13W twin tubos.
tAode! 4028 ore 2EW quad tube.

» Hardware—Two POSIGRIP tamperproct,
stainless siee! screws are provided to
sooure reiracior 1o baseplate,

+ SBooket—Bturdy moided doubie pin snap-in
lamphoider,

MOUNTING

UL fisted 1or ¢amp and wet locallons, wall
instalielions only-{amp base up,

\We ~ocommend using all four KOs provided in
the baseplate bor mounting with:

* Four V.22 machine screws with masonry
anchors to mount in brick or concrete.

« Four Vi* 1ag screws or toggle bolts for
mounting in ireme construction.

Mounting hardware no! inciuded, Plezse refer
10 dimensionsl drawings on page two for
exact locafion of mouriing holes. Instrustion
skeet pockaged with each fixture and
BLCESSOrY.

{ENALL + 1020 Lakeside Drive

*  Gurnes, IL 80031 .

708/360-8200 ¢ FAX708/36Q-1781

G-20




~8

18W & 26W Fluorescent Light Fixture

22°'d WioL

PHOTOMETRIC DATA

MODEL 4028

One 28W/ QT Clear Prismetic Lens Wa'l Mounted
. . Efficioncy = 62.6% Uplight - 45.1% CIE Type Direcl-Indrect
160 150 Repon #iTL<% 245
Costiicionts of Ulizmtion « 2onal Cavity Method
120° Eltective Flooe Cavily Retieciance 0 20
- RC R 56 ] [
~ RW{ 20 s 3O 19{% M 10 |2 1010
\ 018 6 & &[5 o4 scfas a0 £ lv
\ L ]se s 48 S| 0 @[ 34 2
50* 2148 a3 3 salon 22 mwilw 27 2107
! 314 7 32 Z#IM 7 s # 0la
I | 4120 32 2 227 22 9[22 ¢ el
& / $ ]2 28 23 ss|7: 19 el 6 3l
~ . ¢ 130 25 20 efar w7 asfsr e |y
€0" P ]9 2 a7 3{1e 15 n]s vz 9 |e
L] 28 20 % 32117 139 Wl 1 o H
$ |28 <8 13 0|15 11 o fis s ¢ l«
0]26 37 12 #[14 w0 sl 9 ¢ |«
o 307 ¢ e

DIMENSIONS

OPERATING SPECIFICATIONS

4000 Saries

aawey Width: 6" Depta: 4.125° Height: 10.5

LAMP: 1600 Lumens, 28 Wall, 10,000 Hour Life

BALLAST: Orie Prahaay, 20°F to §2°T Ambdlant® 8idc & Cuisway View Bssgeplale Bsck View
NUMBE ] OF LAMPS K ~—F -
LINE VOLTAGE (V) RE %
MAXIMUM CURRENT (£) 580 . Gailest Housing |, .
OPERATING CURRENT (A) 475 t

INPJT POWER (W) 30 - Socket

POWER FACTOR NEF 4

“The ZEWQT sysiem is specificaby deslgned for
old aviroamonts. General use i warm ambient
conditions may rexutl In inefRzien opesaticn and

~ Rofroctor

tharefere I§ Pot recommended,

Baseplsie

—t— O ©
Jr'"J::) POSIGRIP Screws

S Neoprene Rubber Caskel '—H""J

She A ] c _._0® £ F & H
In, - 10_.5 85 3 $.65 <65 4.125 4 3
em. 26.67 21.59 15.24 1435 232 1L.48 '0.16 782
ORDERING INFORMATION
Catalog Wattage Yoltage/ Starting | Posigrip
number Lans tiamp type) power factor | tamp (F) | screws
4018 Frismatic 16W (2xBWTT) 120/'NPF 25 Twe
4026 Prsmatic 26W (2x13WTT) 1 20/NPF 32° Two
4028 Prismatic 28W (F28QT) 120/NPF -20° Two Kenall high abuse luminalires are
dosipned &nd buit to take exceptional
ACCESSORY prysical punishment. When insiatied

4DO0A Seam welded siainiess stesl surface adapier for wet lozations

NOTES:

Al Kenall high sbuse fixtures are provided
with POSIGRIP screws. Be sure lo order
€500 scrowdrivers with all drop shipments
of Kenel; high abuee fixtures,

Avallgbiity and specilications subject 10
chargs without notice,

© 194 Kl

according 10 our insiructions, Kenall wil
repair or replace wny fixture using a
polycartonalo retracicr, diftuser of
lsnahousing rencered incperabla dus to

Call 1-8C0.4-KENALL (453-6255) for physical abuse within thre¢ years of
standard preduct modificztion, pholomelric purchase. Thareahor, Kenal! wif rep.ace
assistance or reports, product sample any refractor, dit'usar or lers/mousing
requests, technical clarification, prosuct broken duting the tife of the fixture ires,
tkerature and the location or phone number subject 10 a handling cha-ge equal o

of local ealoc representative. 25% of the published ligt price.

04

KENALL + 1020 Lakeside Drive « Gumee, IL 60031 . 708/360-8200 ¢ FAX 708/360-1781
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32W Fluorescent Light Fixture
(specify with T8 lamp electronic ballast)

STRIP LIGHTS
1 LAMP » 114" 2, 3' OR 4' LENGTH

'S

FEATURES Also available in fandem-wired (87) lengths
* Heavy-duty channel, die-formed from
code-cauge sieel
* Sturcdy channel cover secured by captive quarier-
turn latch for easy access 1o wireway
* High-gless, beked white enamel finish
+ Combination end pla‘e/channe! connector fur-
nished with each fixture
* For unit or row installations, surface or suspended
mounting
v
PECIFICATIONS YU DIA. K.O.(2)
“allast - le
Thermally protected, resetting, Class P ballast stencard. F |—:~—--—— —_— —~;,——J
Sound rating A, CBM ETL ceriified, UL listed. L —J
. . 2147
Jiring & Electrical '8 :
AWIA, TFN or THHN wire used throughout, raled for
required lerperatures. Twist-lock lempholders secured
by snap-in SOCKel tracks. VDA £O (1) 2. DA KO
‘aterials :’*'I Lo - Ao --4]
All metal parts die-formed {rom code-gzuge steel, et or 36 e
“nish
Five-stage, iron phesphale pre-treziment ensures W DIk X 013) 2 Dia_xO.
sunzrior paint echesion and rust resistance. All painied o Dis kO
paris finished with polyester enamel (85% gicss, 89% ~WJEE = p
reflectance). Salt spray iest 500 hours. Hardness “‘il At ottt o
minimum 2H. g i i
s Db 10 2 Dia. & O.

. Fsted and labeled | B.E.W—A.F of L.

Moyt DIA K O 1)

»iure guarenieed for one ysar against mechanical defecis in menulacture.

MOUNTING DATA For unit or row insizliztion,
surface or siem mounting

Unit Installation-Minimum of
two hangers required

Row Installation-One hanger per
channel plus one per row required.

See ACCESSORIES on reverse side for hanging devices

Dimens.unt ang soeCdicalions sudiest 1T STaNpe mithOuUt ROLTE.

oproval Job Information

TYPE

Spectty Votiage 120, 277

’ LITHON/A®
= FLUORESCENT

COMMERCIAL INDUSTRIAL LIGHTING

SHEET S
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2-32W Fluorescent Light Fixture

LOW-PROFILE WRAPAROUND
\WIDE BODY * 2 LAMPS « 4' RAPID START

(specify with T8 lamp electronic ballast)

| 2LB 240

FEATURES

Also available in tandem-wired (8°) length

* Wide-body design (15 34") for reduced surlace
brightness, improved VCP

* Acrylic prismatic diuser with sonic-weldad,
injection-molded, luminous ends

* Linear side prisms control brighiness, pyramiczl
botiom prisms minimize lamp image

» Continuous, interiocking suppor hoids gifuser
securely, simplifies maintenance

* For surface or stem mounting, unit or row instzlia-

tion. Plug-in couplers parmit row mounting
without tools

¢ While enamel end plates-woodgrain zppliques

ey optional
s * Suitzble for mounting on low-dersity cailings with
‘e SR option
_—
SPECIFICATIONS
1% DIA, Kk O. %" Dih. kK O. A A )]
Ballast MDA KO/ 2 pia kD | lalat X0 3
Thermally-protected, resetting, Clzss P, HPF ballzst standard. 1/ Yy
Sound rating A, CBM/ETL centified, UL Iisted. Advance, GE - AT T R
or Universal instalied unless othenvise specified. L EnT
Wiring & Electrical I o«
AWM, TEN or THEN wire used throughout, rated for required
‘emperatures. 2" dizmeter K.O, for ezsy wiring zccess. Lamp-
holders snap inlo channel (ingividually replacezble without Ma> DA ¥ O 13) %o DAL KO, et o 3)
{00ls). WS k0 ] 2' DA, KO. \ YT K0
Input werns: stancard &2, energy-saving 65. N ;/.'/'____'“.__,____ j _._.,_f.‘( .m_._‘—ﬁ _______ “'./_4;
Walerials RS b RSN
=T -

Wetal parts die-formed from heavy-cauge stesl. Wetal
cauges: channel and end plates 20-gzuge; channe! cover
24-gavge. Ditfuser is 100% virgin acrylic, .105" thick.
Finish

Five-stage, iron-phosphale pretreziment ensures superior
paint aghesion and rust resisiance. Channe! finished with
high-gless, baked white enamel (85% gloss, 82% reflec-
tance). Salt spray iest 500 hours. Hardness minimum 2H.

UL I'sted and lzbaled 1.B.E.W—A.F of I

Fixture Quaranteed for one year egainst mechanical defacts in manulaciure.

— 1y

sy

: 1532

Dimersions ane specifications sudest 16 shanse withoyt nstize.

WMOUNTING DATA For unit or row instaliation, suriace

or siem mounﬁng TO MOUNT IK COKTINUDUS ROWS COXTINLOLUS kOWS
& s Tw L]

=N R % PSe CHANNELS TOGTTHIR = T T »)
Unit Installation-One double-stem “ \\.6/ -
{4 only) or two single-stem hangers 54 /5§<_/// s R
required N B . =y

memeosun TSNS e

Row Installation-One hanger per ,5{/
fixture plus one per row required

See ACCESSORIES on reverse for hanging devices

Approval Job Information

VAL /rroMa

SHEET 2LB 240
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) 3-32W Fluorescent Light Fixture
- (specify with T8 lamp electronic ballast)

LOW-PROFILE WRAPAROUND
WIDE BODY « 3 LAMPS « 4' RAPID START

LB 340

FEATURES Al.so ava|'lable infandem-wired (8°) lengths

with (2) 4' lenses

* Acrylic prismatic diffuser with sonic-weided.
injection-molded, luminous ends.

* Linear side prisms control brightress, pyramiczl
bottom prisms minimize lamp image.

« Continuovus, interlocking suppon hoids ditfuser
securely, simplifies maintenance.

» For surface or stem mounting, unit or row
instaliation. Snap-in couplers permit row
mounting without tools.

* White enamel end plates — woodgrain
appliques available.

: *s" x Y2 " HOL “/.6" DIA. K.O.
SPECIFICATIONS , <Xz HOLE (e DA KO.
\_ 78" DIA. K.0. 2" DIA. KO. /
Saliast Data ) : ~ =
Thermally-pretecied, resetting, Class P HPF non-PCB, UL _:__\,f_,é_ \ / d-o
listed. CSA cenlilied ballast is stanczrd. Sound rasing A. 5v2% .. N\ )
Standard combinations are CEM approved. —1—-.5..;- g- %
] : ‘
Viring & Electrical oty r
Fixture bears UL lzba! and is suitzble for damp locations. PR “ _
AWM. TEN or THHN wire used throughout, rated for required T 4"—40"O.C. "STU"S !
temperatures. In and out wiring and circuit identificziion are h 48 i
siandard.
Azterials Ve x 2" HOLE _ /5" DIA. K.O,
leia! panis die-lormed from code-cauge steel. Diffuser is 7 ‘/e" DIA. K.O. 2" DIA. K.O. 7
acrylic. No asbestes is used in this product. . 7 - —
] 4 -
Finish - i x / = - e
Five-sizge iron-phesphate. pre-treatment ensures suparior 512 i N i
ceaint achesion with rust resistance. Painted pans finished L N ST ° (-?" e =t b
with high-gless, baked white enamel. YA 7 ; \
nput Wattage i I 42°0 STEM
L3 320 with ES ballzs's, sid. lamps - 126W : —‘: ‘g;;,. S

L3 343 with £S batlzsis, ES lamps - 110W

158"

JU I'sted, CSA cenified. Labeled L.E EW. - AF. of L. Guaranteed for 1 year against mechanical defecis in manutaciure, Dimensions § spesificaticas sublentis thamge wik

MOUNTING DATA  For unit or row installation, surface or stem mounting

. Unit Instaliation - Four single- TO MOUNT IN CONTINUOUS ROWS e A VLN PP . ARV AP SO
stem hangers required. . - S — ]
. . ,,"\:k\.". SuSm CmaANELS TOSETREN s . o R
Row Installation - Four single- < *3 - PP ey
stem hangers per fixiure = /:\}".3 o
required. ) L = AN A
ShAP N ZOURLLES - - Y
e T
R < U

See ACCESSORIES on reverse for hanging devices

Approval Job Information

’ LITHONIA
FLUORESCENT

T COMMERGAL & MDUSTR:AL LIGRTING
Type,

(Specity 120V, 277V or 347V) Sheet LB 340
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100W & 150W High Pressure Sodium Light Fixture

Low-Bay Industrial Lighting

ORDERING SEQUENCE

CATALOG NUMEER VOLTAGE

OPTIONS (Faclory Instalieq)

]

11

. J

N v
2 TXL 508 A20" o 10
2 TXL 708 A20° 0 268
D TXL100S A20t O 20
3 TXL150S A2pc O &
[sIE3D]
o 18!
-36°
fem

WEIGHT
WATIS [ SR ts.  ko.
R 18 1S
73 i3 2 fS
+ 19 4 5
30 18 517
NOTES:

" Mey &iso be ordered with 57,10, 15

e wp,m»s

Tep Selast (120.208.220.277V]
..=~e not to ex.e°§

ered 28 zeressory. WMUST
i ATcessories Sheel for
orgering informetion.

.~:‘> c::le 10 connect optical to remots

zdie with WL option,
1encarg $BOV.
' Provi :!e'.' with dualt2p (120/277\)
telzst when ordered 2s 120V or 277V,
£xzept w/hARB pplion,

For Complete Destription & Applization
Information, See Options & Accessories
Sheel -0/A

Shipped Insialied in Fixlure
SF Single Fu
DF Dau:e fuse |

GE 2-‘0 ‘.u') n'a 73

EC n=lpnm, Cit

CRS? Cie e

GRSTD®* GRS Time Ee!zy ( M5 notinzluses
KA iC

CR Co: os»:nrﬂss: an sh {polyesier)
CRT Cor insh (tgtion)
TEF Te! ‘.:e:wr

108 Th ox

TOEP*  Thn

[43ad Fente

LCPPd toop, C ¢ & P!Jc for 1P & r=-{
LCSP* T Loop. 3 Coto & S5A NENA

HC3P'*? Hock 3 Coid §12ANELA
LRCA'™  Loop, 3" Corc & Relot RCA Co
HRCA™ Kook, 3' Cord & Reloc RCA Lo

Luce Lozp Cord 2nd Plug For UPIMY

LUCPSF*  LUCP w/Sinpie Fuss (dzz2 front) n72 78
LUCPDF*  LUCP ve/Doubie Fuse (Sez5 fiont) n'a T
UCP'  Universal Cabie & Plug

dpam lipesy ot

UCPSF* U wiSingd

I 27
ULPDFY  UCP w Dou Sezg i 73
iR F.P'\:‘A 2z c<!
TREP3OIT; ced Catle
W.RB 1 gp'm' Sepule

e
WA C ngiEnt -:'5; Aul i
wL
$ss
SLR

CF

00000 OUCULDOOOUDDUOUDOOUVUUUOUUNO0OOO0

Shipped Sepzralely

D HKmM¢ Fixiure Hook - !'au

0D HEWG* e Hook - L'zis

o LPwt

O LPMG* ¢loop-lize

o PR Thru-Wire Fover Mook

0O PPR¢ Pencant Power Hook

0O UPKt Universal Power Module

O UPMI*  UPM w/Hook AZapter Pizte

D UPM2*  UPW wWiring Biock

O UPK3Y  UPMwHook Adepies Plate & Wering Sicck

ACCESSORIES (Field Instzlied)
{order es separale ling item)

Cat No, Description

HKF* Fixture Hook - Femzle

LPF* Fixiure Loop - Female

SCX Safety Chain Ki

B Twin Mounting Bar (consult t2ctory)

Firture Type:

HIGH PRESSURE SODIUM
50/70/100/150W
18' 10 18' Mounting

SPECIFICATIONS
KOUSING - Rupge
zluminum with ¢z
finish. Electrical ¢ H
horizontzlly ang h:c: inked 10
for cooler cperation,
BALLAST - High d
180°C cless Hinsuizi em.
OPTICS - Injection moidzd vir g
-ully'lu.ed anodized sluminum refle

ositive lztch refraztor clips faciiit 's e
1or maintenence end ciezning, geskeied
refractor and refizctor inhibits the entranze of
zmbient conteminants, All gistribution
petlerns are widesprezd,
INSTALLATION - PenZent splice box threzded
for 3" conduit (standzrd). Complete line of
mounting oplions end zccessories availzbie,
LISTING - UL 1572 Isied tor -30°C 10 20°C
zmbient operetion.& Cemp incetions. 23°C
operztion availzble,

SOCKET - Porcelain, veriiczlly oriented mogul
base socket with taDp‘ alioy nicke! plzted
sciew shell and center contect, UL listed
500W - 600V, 4KV pulse rzted.

teesight, die-ce
polyesizr p* woEr
13

g, ligh
kb

onze
'
ponent

(A L/THONA
B HLTEK

INDUSTRIAL/OUTDOOR LIGKTING
A DIVISION OF LITRONIA LIGKIING

2/88
L 81
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200W & 400W High Pressure Sodium Light Fixture

Low-Bay Industrial Lighting

ORDERING SEQUENCE

CATALDG NUMBER VOLTAGE

OPTIONS {Fz

clory Installec)

I

{ | L

e

I e

D TXL 200S A20° o 120

D TXL 2508 AZG* o 208

3 TXL 4D0S A20° o 240
o 277
o 480
o T8

WATTS: S MM
20 9 17 | 8
) 18|z} o8
2 L 1s]z7 13

NOTES:

* May &iso be ordered with 57, 307, 15°
'0': iengths,
w.uni-fa;\ B!
Ouzmz lemp wenape not fo exceed
.‘::I"s wenzpe rating.

Wy be ordered e¢ eccessory. MUST
see lnd;s’na' Accessories Sheet for
mut ting information,

35" tzbie 10 connect cplical 1o

oie baliast.

ot eveiieblE with WL option,

T 20 emps standarg LBOV.

For Compiete Destription & Application
Inlormation, See Oplions & Arcessories
Shee! I-0/A

lest (120.208,240.277\V).

Shipped Insialled In Fixlure

uees
ucpsP
UCPDF*
iR

I.RB
wL
$SS
SLR
CF

Shipped S
EEMS
EXMG?
LPIS
LPIAG*
TPH*
PPR*
UPM*
UPK
upp2!
UPM3*

0000000000 U0UODOUUDOUDROOODOOOO

0000oDO0O0DOocODOO

SF Singit Fuse (120.277V) n'3 78

DF Dovtie Free (208,240,480V) n'2 73

£C Emerpency Circuil (femp not incluged)
0Rs? Quzry Reg System (l2mp not includec)
GRSTD* QS Time Delay (lemp not incluged)

HA 35°C Ambient Operetion

CR Corresion Resisiznt Finish (polyester)

CRT Corrosion Resistant Finish (1efion)

TEF Tetion Finished Refiector

T0B8* Thry-Wire Outlet Box

TOEP*  Thru-Wice Outlet Box Plug-in

PEP¢ FenZent Box Plug-In

LCPP*  Loop, Cord & Plug for TPH & PPH
L3P Loop, 3" Cord & 15A NEMA TwistLozk Plug
HC3P*47  Hook 3 Cord & 15A NENMATwistLock Piug
LRCA®  Lozp, 3°Coid & Reloz RUA Connector
HRCA™  RHosk, 3" Cord & Reloc RCA Connector
LUCP*  Loop Cord and Plug For UPIMY

LUCPSF LUCP wiSingle Fuse (dead front) n'a 73
LUCPDA LULP wouble Fuse {Cezs ©1on:) n/a T8

Universa! Czble & Plug

UZ? w/SinpleFuse (Cezg from) n'a T8
LGP wiDouble Fuse (dezg front) n’z78
Femste Szlizst

TRCP3™YITR w.hie-Wired Cabie

Kagnetic Repulator Salizst (250,400W only)
Wet Lozation UL Lebel

s Siee! Screws

¢ Steel Lens Rings

Chzreoal Fitter

eperately *
Fixture Hook - Mazle
Grommetied Fixtute Hock - Mile
Fixiure Loop - Male
Grommeriec Fixture Loop -Meie
Thru-Wize Power Hook
Pendant Power Hosk
Universal Powes Wodule
UPK w/Hook Adepler Pizie
UPM whWring Block
UPI w/riook Aszpier Pizie & Wiring Block

ACCESSORIES (Field Installed)
(order 2s separate line ilem)

Cat. No. Deseription

HKF* Fixture Hook - Female

LeP Fixture Loop - Female

SCK Safety Chain Kit

TH™B Twin Mounting Bar (consult fattory)

firuze Type:

XL

HIGH PRESSURE SODIUM
200/250/400W
14" {0 20" Mounting

SPECIFICATIONS

HOUSING - Rupged, lightweight, die-cz
aluminum with czrk bronze polyesier powger
finish. Electrical components zre cpposad
horizonially and hezl-sinked {0 beliast
housing for cooler operation.

BALLAST - High power fztior. Cu ‘a—ll
watizpe eutotransiormer, 180° ¢

insuletion sysiem,

OPTICS - Injection maldzd virgin zrylic lens,
{ully-fluted gnodized eluminum refiector,
Positive lzich relractor clins fzcilitzte removel
for meintenznce znd clzening, gesketed
refractor and refizzior inhist ﬂ' entrznce of
zmbient contaminznis. All gistri

petierns are wigesprezd,

INSTALLATION - Pencant spiice box threzded
for %" condutt {stenders). Complete iine cf
mounting opiions end zccessories evailzble.
LISTING - UL 7572 Iisted for -30°C te 40°C
ambient operation & dzmp losetions. 35°C
operztion availzble,

SOCKET - Porcelzin, venically oriented mogul
base socket with copper alioy nickel pizied
screw shell ang cenier contact. UL listed
1500W - 60DV, 4KV pulse rzied.

LITHON/A
LY

NDUS'RIALOUTDOOR LSKTING
A DIVISIDN OF LITHONA LIGHTING

2/89
T™L S2
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