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1. INTRODUCTION

This is the Corrected Final Report on Increments A through G of the Energy Engi-
neering Analysis Program (EEAP) at New Cumberiand Army Depot (NCAD). This proj-
ect has been conducted under the Norfolk District, Corps of Engineers Contract
No. DACA 65-80-C-0014, by PRC Systems Services, Cocoa Beach, FL.

During Increments A and B, four modification projects were recommended for fund-
ing under the Energy Conservation Investment Program (ECIP). Increment G re-
sulted in three recommended projects and Increment E determined the feasibility
of a new, coal-fired central steam plant. Studies conducted during Increments
C, D, and F concluded that none of the proposed work was economically feasible
under applicable guidelines.

2. EXISTING ENERGY CONSUMPTION

Actual energy consumption at NCAD was determined from electricity billings and
from fuel oil delivery records. Costs were taken from contracts and service
agreements that were in force at the times the various increments were

undertaken.

2.1 BASEWIDE ENERGY CONSUMPTION

Using conversion factors specified in the Army Facilities Energy Plan and prices
in effect during the year, the following summarizes the total energy picture for
fiscal year (FY) 83.

Fuel Consumption Dollars Source Energy Units
Electricity 40,916,000 kWh $1,800,000 474,630 MBtu
Fuel 0i1 No. 2 168,122 gallons 203,500 23,320 MBtu
Fuel 0il1 No. 6 2,160,293 gallons 1,966,000 323,370 MBtu

$3,969,500 821,320 MBtu




2.2 HISTORICAL FUEL CONSUMPTION

Table 1 shows the historical record of fuel consumption from FY 75 through FY 83
and projected consumption for the future. The projection assumes that energy
conservation measures recommended during this contract will have been completed
and that the other factors (including base mission) remain constant.

2.3 BUILDING TYPE: SOURCE ENERGY CONSUMPTION

Buildings were grouped into 10 categories for the purpose of this study. Using
FY 80 as the base year, the building groups were subjected to computer analysis
to determine the relative consumption of each category. The following listing
summarizes the resuilts.

Total Floor 1980 Consumption

Group No. Title Area (sq ft) (Source MBtu)
I Admin, Op, Trng 365,200 34,800
I1 Stor, Whse 2,467,400 210,100
III Rec, Clubs, Centers 48,900 3,200
Iv ~ Mess Halls, Eating Estab 30,200 4,400
v © Clinic 6,700 600
VI Barracks, B0Q 24,400 4,500
VII Stores, Banks, Lib, Chap, Mus 28,400 2,000
VIII Svce Sta, Gar, Mot. P, Shops 646,400 168,500
IX Family Housing 182,200 12,700
X Other, Audited 81,700 15,000
- Other, Unaudited, Fuel 0i1 58,900
- Other, Unaudited, Electricity 2 261,000

1In addition to the unaudited buildings, this item accounts for fuel oil to be
saved because of base-initiated projects.

21n addition to note 1, this item includes outdoor lighting and all pumps, fans,

machines, and other equipment that do not directly impact heating or cooling

loads.




v 866SE | L40€ | sg?E | 5926 | h70F | OROE | |27 | SS6T | LIOE | 9687 | 8SEZ | ETOL | L2LT [ 01X N 1011
htZ §92'c | 0088S | 8A8ES | z8hsil | 82599 | ozstar | wwasse| zezeas | oosut | zeeam | 8hoots | znzese| ownsz{wo o 0 vng

298812 | 996 | -o- | zeor | zz8e | #0685 | osthz | moers | oshse | oesia | onzor | oncze | Thees |wy 21 110 ams

CeA= wior  [44ass [ 44ov [ “4wme [“Cane (A [ faav | “lam Lo e [Tl | e |7
| UMM SRS NSRS R S

€15 hHe 182 | tzog bLEh 962 | K99 €892 | ht9z §o9%¢ MSZ (092 4952 con O X 19313

26¢ to2'c |onvzzr | zesnor | 25195t | gegrs | wsat| o9ssac| s ssk | 8zoacz | neoest | 018hth | 204tz | 9erozz [ wo 9 10 1
Q€ L L1 99 | -0 | zeor | zeac | hoss | osthz | moewr | osnse | aecen | sezer | ziskr | 2zog [wo o mo wmi

2047 Wik [ %a3s [P€ov 22 me | P | [PCuav | Puw | Lo | Zwe P20 Pam | e | T

osiLe IShZ | €6hZ | hgsz | 82nZ | €222 | 2toZ | o2z | 2/2 | 2512 | 8922 | W@ IV I TR RN

OfLYLSEE | 8BLobb | 8Ssher]| 88aLol| ZI1L68 | BMBNZ | 2o MUE | MhERE | BLHZZN 2\2&%. 25926nt | h2bate | fp9960 VO 9K THHO TN
frs 202 8/£5 -o- Aol holtr | 2462/ | 06042 | ©OAgIZ | 2octog | Zoseh | BERLZ | 8ZSH? 260¢ |wo a1 mo ._“_.:.!.
Y2 VA [1] N =L F IS LTV TS TITON N VT XTI ECTRTNTTANN EZITVTRNN EYAFTYREN KTINTPII (Ve WV Rosray [ A R

10430 AWYY QNVIYIEWND MIN

uorjdunsuo) |an4 _.S.Eowm.r:‘ 1 @19el




i
]
i
i
i
1

Sisag Sies | €Ll | 21SE | 2962 | bS8Z | osb? | hhog | ohos | 162 1687 | Se82 GALZ FO1 X 1 101
T 2218917 |20827 86225 |00€ iz | 92685 | 9956 S | rocL 1| T8I TIE | 85Lint | Bbhbot | M9Rers | Zassor | 282 ful | Wo or w0 my
TThes8bl | 9hc | 2988 | #bsz | 2z8e | 0ccz | atesz | vassz | slobs | reens | hsszz | zhecz | 958z {ww an no 1y
08 As wior  [fa3s [Tew | fwe | %wae [Tk [T [ Muw | Poae | e [ Mo | HMaon [ M0 )
] _ e _ ‘
ﬁ bohes | 288z | amsz | sbes | sorc | osze | ows | owor | gece | ssoe | s | size | snor w..._ 1911
et 5872 |9ssez| ocaze | gigne | osses | 89019 | 25e/6l | obzisn | 97206h | 8Si€an | 210705 | 2psanz | sessar | wo of wo v
2hzmiz | wiLs | 2198 | gsin | 8687 | o8ty | 19907 | 2izee | 2hest | eszoe | 2SS | ok | 2eent [wo ah o i
beas Wil [bcaas | EZoav [ ecme | Zwnc | Bavw [ SZuav | bcuwn | S2aan | Mwe | Roaa | ®aon | ttwe |
7/
T Sk9e | mos | sees | tenr | haot | seor | w6tz | zzoe | oeie | cmiz | wiez | eere | sene fonx o ian
Iinae08 2 | osees | 8ezos| massh | w959 | homant | wasasl| oczus | ws 6k | 428 8it | guesis | sz | FUpei | WO O N0 VI
HAOL8/2 | 85t/ 8t/ pO72 | OLLe | 0198 2809 | €20k | 0002/ | OLOSE 2eLe | tbLol o6€Z/ 'wy  er 1o 1l
37 A7 WOl FCATS |\ oW | FZaar | st | SZiVA | ®Zuav | Scuve | #aas | % we [ oaa | Cam | 00 T

10430 AWJY ONVTIYIEWND MIN

(2u092) cowpassm:ou.Fmau.Fauwpopnv:.,,H alqel




L WUb0k | kb2 | OILE | 0958 | LoSE | 0EhE | 2528 | 82nE | bISE| €bES | €825 | BAEE | 2bIE |0l X 1w “10IM .
Cb2'9912 | 21558/ | Se202 | bab&l | 9L002 | Ohhhs |2bLh02 | 820225 {AbhISE | h2881h | OIIEIE | 5L 1% | ©SEOL | W9 9F 110 Ty

22189/ 9k | 9822 | ouz | 99S | 2265 | 88hbl| hiasz| 28182 | 98592 | alisz | 9h251 | QISY [we 21 10 1Nl
E§A= WIOL |ca d3S |ea 9 | es WP {8 NOC  fes AVH [es UV |s8 WWW ez 014 ez wve |28 230 fee AON {22 100

2¢h'oh b0 | bihe | 1bhe | R2ne | 99me | S€2e | hece | ShSe | 2ene | 2eee | 95k | loze (OF X 1mx “10313

hot2912 | 8190c | 8892 | 88462 | Wh8LZ | etk | 8IKES! | BHBUNE | 029QKE | hiol2h | 0BERSE | HILES2 | £SSEY/ WY 9K 110 N4

299°c bl hotor | 8w | 9582 | 2me | 9us | ogns | 2078z |22Sbe | 2HSE | hezsz | 9818/ | QShp (VO 2 0 T
2844 WIOL [28 d3S |26 9V |28 W {28 NP |2a AVH |28 UdV |28 uWH |28 011 e wve [/8 230 [is AON |8 120

-. . .

252'8¢ hss€ | 2bE€ | 9gse | atse | hoze | L9bz | ofig | 8Lag 1€67 | ollt | &90€ | [hbZ for X i 19213

92616902 0906¢ | 0no92| sisie | 26291 | osors | sresir | z9ceez | zshioe | zevnsh | 99 | 2bocsz | ocg9et W9 9F 1O 1A

0oL 122 868G | OLSET | otse | 2hh8 | 2BhEl | BOKS 08722 | 2I€bE | 2bEbh | 2biSh | AbIbI | O27h WD 2F 10 I
1847 WIOL  |/g 435 |12 9W Jig It [i8 N0 fie AWH |19 UV lis UVl |ig 034 |18 WO [og 230 |08 AON |08 120

(3u02) co.SmE:m:o_u leng edt403sIy "1 9Lqey




¢O1 X 1 T3

W9 9 1o g

WY 2 110 130

W10 415 oV we | owe | wav wH | na we | o AON 190
(01 X 10 *19313
W9 9k 110 1N :
Wy 2 110 Hand w
w101 dis o | e T TR Y v 1) | we 20 | Aon 190 :

SChhEe 1Lz Jaie | Sbb2 | 1SbT | 2882 | 9€L2| he82 | 19v2 | Ssc8z | 292 | LI82 | 9392 O X 1t 19373
2129RL1 | Okl | 05561 | 08281 0bEsl | aBzes | 092€a1 | 082152 |ge2hgZ | oobeee | 0tabhz | 2Ls882| ooras | WO 98 10 1y
h8LS<y Iehz | 9827 | oliz | 9ais | hebs | €h8Ll| 85627 | hagsz | 2hehz | aub2z | bsber ]l Q2u5 Jwo 28 wio 1am

Wiol 43S (7117 ne Noe AVH v UVH UE]] Nvpe Jid AON 190

d7.L23LQ¥d

T T ERI——

(2u02) uoLjdunsuo) [ang [eILAOYSLH _.H a|qey




2.4 TYPICAL BUILDING ENERGY CONSUMPTION

Tables 2 through 11 show the consumption of energy for heating, cooling, and
lighting for individual buildings (or zones of buildings). The arrangement of
the buildings is by the 10 categories listed in 2.3. (Note: Lighting energy is
measured at the site; heating and cooling energy is measured at the sources.)

3. INCREMENT A - BUILDINGS AND PROCESSES

The following measures were investigated in detail during Increment A. Those in
the column on the left did not meet ECIP criteria or were rejected for other
reasons. Those on the right have been incorporated into one or more ECIP proj-
ect packages.

Exterior Wall Insulation Interior Wall Insulation
Exterior Roof Insulation Interior Roof Insulation
Domestic Hot Water (DHW) Timeclocks Ceiling Insulation

DHW Temperature Setback Underfloor Insulation

Exhaust Air Heat Recovery Basement Wall Insulation

Qutside Air Economizer Personnel Door Weather Stripping

Bay Door Weather Stripping

Window Treating (including
Weather Stripping)

Interior Lighting
Destratification Fans
Solar DHW

Condenser Heat Recovery
Sensible Heat Economizers
Pipe/BDuct Insulation

3.1 ECIP PROJECTS DEVELOPED

The following paragraphs describe the projects that have resulted from the
Increment A portion of the study. The effects of the projects are summarized in
10. ’
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3.1.1 ARCHITECTURAL/STRUCTURAL MODIFICATIONS. Work will consist of the follow-
ing modifications to achieve improved energy conservation:

a. Wall Insulation.

(1) R9 spray cellulose on buildings Pl, P6, P7, P24, P28, P82, P83, P84,
P85, and P88

(2) R11 F/G batts on buildings P14, P54, P83, P84, P400, T526, and T528

(3) R13 F/G batts on buildings P1, P62, P82, P83, P84, and P104

(4) R17 F/G batts on buildings P79, P81, P102, P400, T524, and T526

(5) R15 F/G batts on building P104

b. Ceiling Insulation.

(1) R15 lay-in F/G batts in buildings P1, P83, and P84

(2) R11 lay-in F/G batts in buildings P54, P79, P81, P83, P84, P85, and
P400

(3) R9 lay-in F/G batts in building P81

(4) R13 lay-in F/G batts in building P104

(5) R9 spray cellulose with mesh in building P28

(6) R15 spray cellulose with mesh in building P7

(7) R17 spray cellulose with mesh in buildings Pl, P82, and P85

¢c. Floor Insulation.

(1) R7 spray cellulose with mesh in building P400 9
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3.1,2
of solar DHW heaters and appropriate plumbing and instrumentation in family
housing. In addition, for buildings in the 130, 160, and 180 series, a small
weatherproof cover will be constructed to house the new hot water tank.

(2) R11 spray cellulose with mesh in building P102

Weather Stripping. Doors in buildings P62, P81, P82, P83, P84, P85,

P102, P442, and S268

Destratification fans in buildings Pl1, P2, P3, P4, P5, P7, P8, P28, P50,
P51, P52, P53, P82, P83, P84, P85, P88, P400, S252, and T459

Window Treatment.

(1) R19 spray cellulose with mesh in buildings P1, P24, P28, P82, P83,
P84, P85, and P88

(2) R14 insulated curtains in buildings Pl1, P14, P79, P81, P82, P83,
P84, P88, P102, P244, P400, P442, T244, and T524

(3) Storm windows in building Pl
(4) R19 dryvit panels in building T459

Lighting Modifications.

(1) Incandescent to high-pressure sodium in buildings P2, P3, P4, PS5,
P6, P8, P50, P51, P53, and P88

(2) Mercury vapor to high-pressure sodium in buildings P82; P83, P84,
and P85

The terms dryvit, F/G, and fiberglass are used to describe a type of
product. They are not intended to be exclusive of other similar

products.

SOLAR DHW HEATERS IN FAMILY HOUSING. Work will consist of installation
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3.1.3  HEATING, VENTILATING, AND AIR-CONDITIONING (HVAC) SYSTEMS MODIFICATIONS.

a. Building Pl - Section I Commissary: Refrigeration System Heat. This

change consists of modifying the freezer refrigeration condenser cooling
water system. The water will be piped to a heating coil in the existing
air handler in parallel to the existing water cooling tower. A new con-
trol circuit with a heating/cooling thermostat will be required to
interliock and sequence the air handler with the freezer refrigeration
system. The heat that is presently wasted will be reclaimed in the air
supplied to heat the buildings.

b. Building P54 - Computer Air-Conditioning Units: Liquid Sensible Heat

Recovery. This change applies to each of seven computer air-
conditioning units that utilize glycol/water as the heat transport
medium for the refrigeration condenser. A precooling coil will be in-
stalled with piping to connect it in parallel with the existing glycol/
water cooled condenser. Controls and valves will be required to allow
the coil to augment the cooling provided by the existing refrigerant
coil during mild weather. In cold weather, the refrigeration system
will be shut down with 100 percent of the computer cooling 1oad handled
by the glycol/water cooling coil.

4. " INCREMENT B - UTfLITIES, DISTRIBUTION SYSTEMS, AND ENERGY MONITORING AND
CONTROL SYSTEM (EMCS)

The following measures were studied in some detail during Iﬁcrement B:
o Exterior lighting improvements
0 Steam/condensate system improvements
0 Electricity distribution system improvements

o EMCS expansion
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4,1 ECIP PROJECT DEVELOPED

This paragraph describes the only project that resulted from the Increment B
portion of the study. The effect of the project is summarized in 10.

4,1.,1 MODIFICATIONS OF EMCS. Expand EMCS to include eight additional buildings
to control _and minimize energy consumption. Useful management data will also be

reported to reduce manual requirements and report malfunctions. Buildings
affected by this project are P7, P62, P88, P244, P260, P261, P270, and T524.

5. INCREMENT C - RENEWABLE ENERGY SOURCES: SOLAR AND BIOMASS

The feasibility of utilizing solar energy to supplement DHW heating, space heat-
ing, and a combination of water and space heating was analyzed during Increment
C. No project in either the sample support building or in the sample family
housing building proved acceptable under Increment C guidelines.

In the biomass portion of Increment C, the present economic viability of wood
chips as a substitute fuel was determined. However, because of the uncertainty
of supply and the potential volatility of the price, conversion to biomass as
the primary fuel was not recommended. There are no other potential sources of
renewable energy at NCAD.

6. INCREMENT D - COGENERATION

Four different steam pressure/temperature situations were analyzed in order to
determine the feasibility of electric cogeneration. In each case, a superheater
was required and outlet steam conditions had to be equivalent to current heating
system supply conditions. In none of the cases was the life cycle cost as low
as that of the status quo.

7. INCREMENT E - CENTRAL BOILER PLANT PROJECTS

Since NCAD already has a central boiler plant, this increment concentrated its
analysis on conversion to coal and the potential boiler size configuration. As
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a result, a five-boiler coal- and wastewood-firing configuration was recommended
utilizing the existing steam distribution system.

8. INCREMENT F - FACILITIES ENGINEER CONSERVATION MEASURES

The scope of work specific for Increment F called for analysis of three poten-
tial energy conservation‘projects: resizing oil burner nozzles, rezoning build-
ing 1-1, and rezoning buildings 82, 83, 84, and 85. Only a portion of the last
project was recommended for implementation; however, mission changes in the
interim have eliminated the need to rezone. In building 1-1, the sources of the
problems that led to the rezoning idea were uncovered during the field survey
and appeared to be correctable without major expense.

9. INCREMENT G - NONQUALIFIED INCREMENTS A AND B PROJECTS

Several projects that were originally considered under Increment A were re-
analyzed under this increment. Those projects that are acceptable under
Increment G criteria are described in the following paragraph. The effects of
the projects are summarized in 10. One additional project, outside air
economizers in buildings 1, 54, and 81, was rejected again.

9.1 INCREMENT G PROJECTS DEVELOPED

9.1.1 WEATHERIZATION AND LIGHTING MODIFICATIONS. Work will consist of the
following modifications to improve energy conservation:

a. Interior Wall Insulation.

(1) R7 spray cellulose in building P87

(2) R9 spray cellulose in building P92

b. Roof Insulation. R19 interior spray cellulose in buildings P87 and P92

23




c¢. Window Insulation. R19 interior spray cellulose in buildings P87 and
P92

d. Replace fluorescent lighting with high-pressure sodium in building P92

9.1.2 INSULATE STEAM LINES TO U = 0.1. The project will consist of gaining
access to all steam lines and insulating them to a U-factor of 0.1. Sump pumps
will be installed in all pits, and manholes will be installed to protect insula-
tion from water damage. Surroundings will be returned to their original state.

9.1.3 WEATHERIZATION FOR FAMILY HOUSING. Work will consist of the following

modification to improve energy conservation: automatic nighttime setback
thermostats in buildings P30, P40, P41, P133-144, P164-171, and P187-197.

10. ENERGY PLAN

In FY 83, NCAD consumed 821,320 MBtu's of energy at a cost of nearly $4 million.
Implementation of all recommended projects except Increment E would reduce this
consumption to 681,581 Btu's, which would cost $3,288,000 at today's prices.
Table 12 summarizes the recommended EEAP projects.

10.1 ENERGY USAGE PER SQUARE FOOT
The total area of buildings at NCAD is 3.93 million ftz. Warehouses account for

2.47 million of this or 63 percent. On a gross basis, the consumptions in Btu's

in FY 83 and after implementation of recommended projects are:

FY 83 Future A
Electricity 120,770 Btu/ftg 101,610 Btu/ftg 19,160 Btu/ftg
Fuel 0i1 No. 2 5,933 Btu/ft2 5,498 Btu/ft2 435 Btu/ft2
Fuel 0il No. 6 82,284 Btu/ft 66,321 Btu/ft 15,963 Btu/ft
208,987 Btu/ft2 173,429 Btu/ft2 35,558 Btu/ft2

This represents an overall reduction of over 17 percent in total energy

consumption.,
24
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