~ FT. DETRICK
BOILER PLANT STUDY
EEAP - DACA01-94-D-003"/

FINAL REPORT

\""‘JQL i 6 2o

ﬁﬂﬁm x

SPECTED 2
Prepared by ~ pric QUALITY TS

A
Entech Engineering, Inc.
Reading, Pennsylvania

December 1995

19971017 073




DEPARTMENT OF THE ARMY
CONSTRUCTION ENGINEERING RESEARCH LABORATORIES, CORPS OF ENGINEERS
P.0. BOX 9003
—= CITAMPAIGN, ILLINOIS 61826-9005

4 —
REPLYPO
ATTENTION OF; TR—I Library

17 Sep 1997

Based on SOW, these Energy Studies are unclassified/unlimited.
Distribution A. Approved for public release.

Marie Wakeffeld,
Librarian/Engineering




. FT. DETRICK
BOILER/STEAM SYSTEM STUDY
Table of Contents
SECTION TITLE PAGE
1.0 EXECUTIVE SUMMARY/SCHEDULE ........... 1-1 through 1-8
1.1 Imtroduction ... ..... ... ... ... . . 1-1
1.2 General Findings . . .. .... ... .. . ... . . . .. 1-5
2.0 METHODOLOGY ............. ... ........ 2-1 through 2-23
2.1 General .. ... ... . e 2-1
2.2 Kickoff Meeting . .......... ... ... ... 2-1
2.3 Gather ExistingData .. .......... ... ... ... ... . .... 2-2
2.4 SiteInspection . ...... ... ... ... 2-2
2.5 Model Existing Energy Consumption . . ................. 2-4
2.5.1 General ....... ... ... ... 2-4
‘ 252 SteamUseModel .......... .. ... ........... 2-4
253 FuelUseModel ........... ... ... . .......... 2-5
2.54 LightingModel ... ... ... ... ... . ... ... .... 2-5
2.55 ElectricModel ........... ... ... ... .. .. ... 2-9
2.5.6 HeatingDegreeDays . ....................... 2-12
257 mmBtu/Unit . ........ ... ... .. . ... . 2-14
2.6  Energy Conservation Opportunities (ECO's) ... ........... 2-15
2.6.1 Existing Conditions . ........................ 2-15
2.6.2 Proposed Condition Description . ................ 2-15
2.6.3 Capital Cost Estimates . ...................... 2-15
2.6.4 CostSavings . ........ .. ... 2-16
2.6.5 Discussion . ..... ... ... 2-16
2.6.6 Life Cycle Cost Analysis Summary ............... 2-17
2.7 Draft Report/Client Review/Final Report .. .............. 2-23




‘ Table of Contents Continued

SECTION TITLE PAGE
3.0 FACILITY DESCRIPTIONS ... ............... 3-1 through 3-14
3.1 General .. ... ... e 3-1

32 BoilerPlant .......... ... . . . .. ... 3-2

3.2.1 Description of Existing Boilers . ... .............. 3-3

3.2.2 General System Specifics ..................... 3-4

3.2.3 Common Systems . ................ e 3-5

3.2.4 Support Equipment ......................... 3-5

3.2.5 Treatment of Boiler Feedwater . . ................ 3-5

3.2.6 Deaerators . ....... ... ... e 3-6

3.2.7 Stack Economizers...................c.c... ... 3-6

3.2.8 Blowdown and Heat Recovery .................. 3-7

3.29 Natural GasSupply . ......... .. ... 3-7

3.2.10 Oil Storage and Transfer . ... .................. 3-7

3.3 Steam Distribution . . . . ... ... .. e 3-10

3.4 Buildings . ... ... 3-12

4.0 BILLING HISTORIES ... ................... 4-1 through 4-31
4.1 General ... ... ... .. 4-1

42 Natural Gas ... ... ... .. it e 4-1

43 FuelOil . ... ... . . e 4-12

4.4 Steam Production ............ ... ... . ... .. ... 4-18

4.5 Electricity . .. . ... e 4-22

4.5.1 Incremental Cost . ............. . ... ... . 4-25

452 ElectricUsage ...........c.ouiiiieiinnnn.. 4-26

453 MonthlyDemand . . .. ....... ... ... ........... 4-26

4.6 Energy Cost and Usage Summary . .................... 4-29

46.1 General ......... ... . ... ... 4-29

4.6.2 Total Energy Costs and Energy Incremental Cost . . . . .. 4-29

4.6.3 Incremental Energy Cost for Steam . .............. 4-31

4.6.4 Total Energy (mmBtu) ....................... 4-31

il




. Table of Contents Continued

SECTION TITLE PAGE
50 ENERGYMODELS .......coviiivineennnnnn. 5-1 through 5-61
5.1 General .. ..... ... ... e 5-1
52 SpaceHeating . .......... ... ... . . .. . . . ... 5-1
53 Reheats ... ... ... .. 5-10
5.4 Humidification ............ ... .. .. . ... . . . . ... 5-13
5.5 DomesticHotWater ............................. 5-17
5.6 Autoclaves/Cage Washers . ......................... 5-23
5.7 Sewage Decontamination . ......................... 5-28
5.8 Other Process Steam Loads . ........... e 5-30
5.9 BoilerPlantEnergy Use . .......................... 5-31
5.10 Steam DistributionLosses . . ........................ 5-36
5.11 Steam UseModel ............. ... ... .. ... ... .... 5-40
5.12 Fuel UseModel . ........ ... ... .. . . . . . ... 5-48
5.13 LightingModel .. ......... ... . ... ... . . . . . . . . ... 5-58
5.14 Electric Model ......... ... ... .. . . . . . . . 5-60
Energy Conservation Opportunities (ECOs) ...... 6-1 through 6-154
6.1 General . ........ .. ... 6-1
6.2 ECO'sList ........ .. . ... . i 6-2
6.3 (B) Boiler Systems/Controls . ....................... 6-4
ECO B-1 Feedwater Treatment . ..................... 6-5

ECO B-2 Stack Economizers ........................ 6-6

ECO B-3 Automatic Blowdown Controls . ............... 6-10
ECOB-4NewBoilers ............................ 6-15

ECO B-5 Oxygen (O,)Trim Controls on Boilers . .. ......... 6-19
ECOB-6 Air Preheaters . . .......... ... ... ......... 6-28

ECO B-7 Supply Combustion Air from Ceiling ............ 6-34

ECO B-9 New Steam Metering . ..................... 6-40

6.4 (O)Operation . . . .. ..o ittt e 6-46
ECO O-1 Shut off Standby Boilers . ................... 6-47

ECO O-2 Improve Boiler Sequencing . ................. 6-52

ECO O-3 Summer Shutdown of Boiler Plant . . . .. e 6-58

ECO O-4 Replace Less Efficient Boilers .. .............. 6-63

ECO O-5 Fuel Usage ElectionPlan . . . .. ............... 6-68

ECO O-6 Alternate Fuels (Natural Gas Brokering) .......... 6-73

iii




. Table of Contents Contin N

SECTION TITLE PAGE
6.5 (S)Site .. ... . 6-79
ECOS-1Cogeneration . ...............0.0uiuuine.n.. 6-80

ECO S-2 New Boiler Plant . ........... o 6-85

ECO S-3 Steam Pressure Reduction . . .. ................ 6-92

ECO S-4 Improve Condensate Return . . .. .............. 6-97

ECO S-5 Correct Sizing of Traps (Deleted from Scope) . ... ... N/A

ECO S-6 Steam and Condensate Metering . ............. 6-104

ECO S-7 Insulate Steam and Condensate Lines ........... 6-109

ECO S-8 Replace Steam Humidification . . .............. 6-117

ECO S-9 Sewage Storage Tank Insulation . . . ............ 6-121

ECO S-10 Reduce Contaminated Sewage . .............. 6-125

6.6 (P)Plant . ... ... ... .. . ... 6-129

ECO P-1 Turbine Drives on Feedwater Pumps . .......... 6-130

ECOP-2 Efficient Motors . ... ..................... 6-135

. ECO P-3 Variable Speed Drives . . .. ................. 6-139
6.7 (@)Lighting . ... ... ... ... .. 6-145

ECO L-1 Boiler Plant Lighting . . . . .................. 6-146

ECO L-2 Exit Signs to Fluorescent . . ................. 6-151

7.0 CONCLUSION .....¢ccitiitietenncnnnnnnanes 7-1 through 7-9
7.1 General .. ...... ... .. 7-1

7.2 Recommended ECOs ............................. 7-5

7.3 Non-Recommended ECOs . ......................... 7-7

8.0 ATTACHMENTS
8.1 Natural Gas Bills and Sale Agreement
8.2  Electric Bills and Rate Structure
8.3 Incremental Cost Calculation
8.4 Space Heat Calculation
8.5 ECO Backup Data and Calculations
8.6 Combustion Test
8.7 Project Scope
‘ 8.8 Steam Distribution Map

iv




1.0
1.1

EXECUTIVE SUMMARY -~

General

The following report outlines the findings of an energy study of the Boiler Plant
at Fort Detrick in Frederick, Maryland. Entech Engineering Inc. has prepared
this study as part of the Energy Engineering Analysis Program (EEAP).
Originally the scope of the study was to cover only the Boiler Plant. However,
the steam distribution system was added to the scope because of the significant
interrelationship between the boiler plant and the distribution system. Steam
usage inside the buildings was not part of this study, although steam usage
estimates were made for each building in order to prepare a comprehensive

steam use model.

A substantial part of the work in this study was to prepare fuel and steam use
models. These models simulated on a monthly basis how energy is used for
major heating loads. For example, calculations were made to estimate the
steam used in each building for space heating, water heating, sterilizers,
decontamination, etc.. Also included in the model is the amount of losses for
such things as boiler efficiency, heat loss from pipes, lost condensate, etc.. The
developed steam and fuel use models were then balanced such that the model

matched the actual steam production and fuel use on a monthly basis.

The total energy usage in the Boiler Plant in 1994 is shown in the following
table. Oil and natural gas costs are for the boilers, which supply heat to the
total base. The electric usage is for only the equipment inside the Boiler Plant.
The total cost for fuel is approximately $3 million per year. Electric cost for the

Boiler Plant is an additional $50,000 per year.

Entech Engineering, Inc.
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1994 Energy Usage for Fort Detrick Boiler Plant

Energy Energy Unit Total | mmBtu Total Cost

Natural Gas ($3.53/mcf) 656,537* 676,233 $2,317,600*
No. 6 Fuel Oil (50.42/gal) 1,645,571 246,326 $691,100
Electric Demand ($8.97/kW) 2,416 N/A $21,700
Electric Usage ($0.024/kWh) 1,345,600 4,592 $32,300

* This is from the log data used for ECO evaluations.

After the fuel use models were developed and balanced with the actual fuel
bills, Energy Conservation Opportunities (ECOs) were identified for further
analysis. In all, thirty (30) ECOs were identified by both Fort Detrick personnel
and Entech. These ECOs and the results of our analyses are listed in Table

1.1.1 and are classified as follows:

B - Boiler Plant

O - Operations

S - Steam System or site
P - Boiler Plant

L - Lighting

Entech Engineering, Inc.
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Fort Detrick ECO List

Table 1.1.1
Description Const. Cost | Annual Annual LCCID | LCCID | Energy Savings (mmBtu)
Energy Maint. Payback | SIR
Savings Savings
Feedwater N/A N/A N/A N/A N/A N/A
Treatment
Stack $253,000 $16,500 ($10,000) | 34 0.85 1485 (No.6 Oil)
Economizers 3899 (Nat. Gas)
Automatic $145,000 $9,800 $3,000 11 1.7 2860 (Nat. Gas)
Blowdown
Controls
New Burners $200,000 $14,900 $0 13 1.5 2521 (No.6 Oil)
2299 (Nat. Gas)
Oxygen Trim $75,000 $18,000 ($1,000) 4.4 4.8 5248 (Nat. Gas)
Controls on
Boiler
Air Preheaters $1,096,000 | $34,100 ($10,000) | 45 0.60 -1520 (kWh) -6979 ($kW)
6336 (No.6 Oil)
9929 (Nat .Gas)
Supply $58,000 $3,900 ($500) 17 1.5 -199 (kWh) -870 (SKw)
Combustion Air 882 (No.6 Oil)
from Ceiling 987 (Nat. Gas)
Update N/A N/A N/A N/A N/A N/A
Instruments &
Controls
New Steam $54,000 $950 ($1,000) 0 0.09 271 (Nat. Gas)
Metering
Shut off Standby | $5,000 $87,700 $0 0.13 158 10995 (Nat. Gas)
Boilers
Improve Boiler $5,000 $41,000 $0 0.12 171 -2273 (No.6 Oil)
Sequencing 13655 (Nat. Gas)
Summer $4,058,000 | ($13,500) | ($25,000) 0o 0.63 -17259 (kWh)
Shutdown of -12881 (SkWw)
Boiler Plant -133250 (No.2 Oil)
-78 (No.6 Oil)
224817 (Nat. Gas)
Replace Less $1,772,000 | $121,000 | $0 14.9 1.4 15031 (No.6 Oil)
Efficient Boilers 22410 (Nat. Gas)
Fuel Use $5,000 $215,000 | ($10,000) 0.02 1019 -271508 (No.6 Oil)
Selection Plan 284831 (Nat. Gas)

Entech Engineering, Inc.
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No. | Description Const. Cost | Annual Annual LCCID | LCCID | Energy Savings (mmBtu)
Energy Maint. Payback | SIR
Savings Savings
0O-6 | Alternate Fuels $5,000 $131,000 | $0 0.04 549 38192 (Nat. Gas)
*simulated
S-1 Cogeneration $10,045,000 | $735,800 | ($457,000) | 13.7 0.63 199046 (kWh)
719304 ($kW)
270118 (Nat. Gas)
S-2 | New Boiler Plant | $4,304,000 | $162,800 | ($200,000) | 0.09 18325 (No.6 Oil)
31888 (Nat. Gas)
S-3 Steam Pressure $112,000 $39,700 $0 2.8 7.4 11505 (Nat. Gas)
Reduction
S-4 | Improve $321,000 $43,500 $0 7.4 22 12696 (Nat. Gas)
Condensate
Return
S-5 | Correct Sizing of | N/A N/A N/A N/A N/A N/A
Traps (Deleted)
S-6 | Steam & $247,000 $14,500 ($15,000) s 0.33 4217 (Nat. Gas)
Condensate
Metering
S-7 | Insulate Steam & | $1,008,000 | $184,700 | $0 5.5 2.9 53264 (Nat. Gas)
Condensate Line
S-8 Replace Steam $87,000 ($1,000) ($2,000) 00 -0.17 2132 (Nat. Gas)
Humidification -92 (kWh)
Ultrasonic -834 ($kW)
S-9 | Sewage Storage $298,000 $7,300 ($1,000) 47 0.46 108 (Nat. Gas)
Tank Insulation
S-10 | Reduce $373,000 $37,700 $0 9.9 2.1 11021 (Nat. Gas)
Contaminate
Sewage
P-1 | Turbine Drives $60,000 $4,000 ($1,000) 30 0.10 715 (kWh)
on Feedwater 3034 ($kW)
Pumps -1339 (Nat. Gas)
P-2 | Efficient Motors $22,500 $800 $0 29 0.54 75 (kWh) 332 ($kW)
P-3 | Variable Speed $133,000 $6,660 ($2,000) 28 0.55 600 (kWh)
Drives 2458 ($kW)
L-1 | Boiler Plant $17,500 $600 $1,000 11 1.1 50 (kWh)
Lighting 215 ($kW)
L-2 | Exit Sign to $100 $11 $25 2.7 44 1 (kWh)
Fluorescent 4 ($kW)

Entech Engineering, Inc.
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1.2

Conclusion -
In general, the Boiler Plant appears to be in good condition and maintained very
well. The Boiler Plant operations are understood by the Boiler Plant personnel,

who appear dedicated to operating the equipment in a quality manner.

Boiler Plant operations impact only a portion of the energy usage. From our
investigation there appeared to be less oversight on the steam distribution
system, and how the steam is used inside the buildings. Energy conservation
opportunities have been identified for the distribution system. Steam use inside

the buildings was not part of the work scope for this study.

In summary, a total of ten (10) Energy Conservation Opportunities (ECO) have
been recommended for implementation out of the thirty (30) identified in this
report. The ECOs were then categorized into one of five types of project. The

five include:

1) Recommended ECIP

2)  Recommended Non-ECIP O&M projects

3)  Recommended Non-ECIP LC/NC projects

4)  Recommended Non-ECIP General projects

5)  Non-feasible (listed as group in Section 7 only)

The criteria used to place the ECOs into these categories is detailed in

Section 7. Of those, only one is considered to be eligible for ECIP designation.
That project, ECO S-10, assumes that contaminated sewage can be reduced by
approximately 20%. Entech feels that process changes can probably be made to

separate “clean sewage” from “contaminated sewage”. This could be done by

Entech Engineering, Inc.
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adding sewage piping, lift stations, etc. An additional study is-underway by

Fort Detrick to identify the scope for further action. The results of this study,

when completed, should be examined to determine if a 20% reduction of

contaminated sewage can be achieved for a cost of $373,000 or less. If so, the

project will qualify as an ECIP project.

Recommended ECIP Projects

No. | Description Const. Annual | Annual LCCID LCCID Energy Savings
Cost Energy Maint. Payback | SIR (mmBtu)
Savings | Savings
S-10 | Reduce Contaminated | $373,000 | $37,700 | $0 9.9 2.1 11021 (Nat. Gas)
Sewage
The remaining nine (9) ECOs that are recommended include two (2) O&M
projects, five (5) Low Cost/No Cost (LC/NC) projects, and two (2) General
projects. All three lists are shown in the following tables.
Recommended Non-ECIP O&M Projects
No. | Description Const. Cost | Annual Annual LCCID LCCID Energy Savings
Energy Maint. Payback | SIR (mmBtu)
Savings Savings
S-4 Improve $321,000 $43,500 $0 7.4 2.2 12696 (Nat. Gas)
Condensate
Return
S-7 Insulate Steam & | $1,008,000 $184,700 { $0 55 3.8 53264 (Nat. Gas)
Condensate Line

Entech Engineering, Inc.
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Recommended Non-ECIP LC/NC Projects

No. | Description Const. Cost | Annual Annual LCCID LCCID | Energy Savings
Energy Maint. Payback | SIR (mmBtu)
Savings Savings

O-1 | Shut off Standby | $5,000 $87,700 $0 0.13 158 10995 (Nat. Gas)
Boilers

O-2 | Improve Boiler $5,000 $41,000 $0 0.12 171 -2273 (No.6 Oil)
Sequencing 13655 (Nat. Gas)

O-5 | Fuel Use $5,000 $215,000 | ($10,000) | 0.02 1019 -271508 (No.6 Oil)
Selection Plan 284831 (Nat. Gas)

0-6 | Altemnate Fuels $5,000 $131,000 | $0 0.40 549 38192 (Nat. Gas)

*simulated

S-3 Steam Pressure $112,000 $39,700 $0 2.8 7.4 11505 (Nat. Gas)

Reduction
- 21h ¥e9 , 85,397
Recommendéd Non-ECIP General Projects
¥ 504, doo
No. | Description Const. Annual Annual LCCID LCCID Energy Savings
Cost Energy Maint. Payback | SIR (mmBtu)
Savings Savings

B-5 | Oxygen Trim $75,000 $18,000 ($1,000) 4.4 44 5248 (Nat. Gas)
Controls on
Boiler

L-2 | Exit Signto $100 $11 $25 2.8 53 1 (kWh)
Fluorescent 4 (SkW)

In order to go further we recommended the ECOs be addressed as follows:

A.  Non-ECIP O&M Projects:

Budget $1.3 million for repairing leaks in the steam and condensate lines,

and insulate steam and condensate lines that are not insulated or poorly

insulated (ECO S-4 and S-7). Part of this work will include surveying the

piping to prioritize where the improvements should be made first.

Entech Engineering, Inc.
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B.  Non-ECIP LC/NC Projects: -
Implement Non-ECIP LC/NC Projects where possible. These are low
cost items that have the potential for significant savings. In some cases,
standard operating procedures should be scrutinized carefully to see if

they can be modified without impacting steam customers.

C.  Non-ECIP General Projects:
The two projects listed are not of significant size, but should be

implemented.

D.  Although not part of this study, we recommend the buildings served by
the steam system be analyzed for potential ECOs. The models in this

study can be used to identify buildings where steam usage is believed to

be high.

Many of the ECOs have “interactive” savings, which means you cannot add the
savings from all the ECOs to get total cost savings. Some ECOs cannot realize
the full savings estimated if another related ECO is implemented. For example,
ECO 0O-6 is affected by the strategies described in ECO O-5. Depending on
what decisions are made, it is believed total energy cost savings realized could
be over $500,000 per year, even with interactive savings eliminated from the

savings calculations..

Entech Engineering, Inc.
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2.0

‘ 2.1

2.2

METHODOLOGY

General

The intention of this study is to assess current energy consumption at the Boiler
Plant, and provide recommendations to improve energy efficiency. Entech has
developed a v.ery thorough format which is adhered to during the development of
an energy report. This format has permitted Entech to construct comprehensive
reports in a smooth and timely process. Entech has employed the format in the

preparation of over three-hundred (300) energy studies for commercial, industrial,

and institutional clients.

The following is a listing of the components in Entech's methodology for

completing energy studies:

1. Kickoff Meeting
2. Gather Existing Data
3. Site Inspection
4.  Model Existing Energy Characteristics
5.  Energy Conservation Opportunities
6.  Draft Report Generation
7. Client Review
8. Final Report Generation
Kickoff Meeting

In order to initiate the process, Entech scheduled a kickoff meeting at Fort Detrick
in October of 1994. Entech was represented by William McMahon, Jeffrey
Euclide, Daniel Gerhart, and Danette Ernst. John Bennett and Ted Hahn
represented Fort Detrick. Jim Sweger was present from the U.S. Army Engineer

District, Baltimore.

Entech Engineering, Inc.
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2.3

24

The purpose of the meeting was to introduce all parties and explain the process
Entech was planning to follow during the study. In addition, Fort Detrick's

expectations were noted and incorporated into the project.

Gather Exisﬁng Data

Prior to the first site inspection, Entech requested electric, gas and oil billing data
and boiler plant logs from Fort Detrick. Fort Detrick also provided previous
studies pertaining to the boiler plant and steam distribution system. Entech
reviewed the data to determine the operating profiles of the boiler plant and to

determine which buildings use steam from the central system.

Site Inspection
Entech performed site inspections of Fort Detrick during the months of December

1994, and of January and March 1995.

During the December 1994 visit, Entech surveyed the steam distribution system
and the buildings served by it. Entech did not enter any of the buildings. A
photograph was taken of each building observed to be connected to the steam

system and the following information about each building was recorded.

Building Number

Building Name

Building Use

Estimated Square Footage

Construction Type (Pre-Engineered, Masonry, Wood Frame, etc.)
Estimated Age

Does the building appear to be insulated?

Quantity and Type of Windows

Type of Roof

WO Ianbk =
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10. Estimated Building Ventilation Rate -~

11.  Does the building appear to use steam for process?

12. Does the building appear to use steam for domestic hot water?
13.  Does the building ag_geér to have a kitchen that may use steam?
14. Does the building appear to return condensate to the boiler plant?
15.  Other notes

Entech gathered additional information about the larger steam consuming
buildings during the January 1995 visit to the site. Entech spoke to people from

Fort Detrick's pipe shop about steam use in Army occupied buildings and to

engineers from the National Cancer Institute (NCI) about steam use in the

'buildings that are used by NCI.

Entech also surveyed the Boiler Plant, Building 190, during the January 1995
visit to the site. During this survey, information was obtained pertaining to the
electric lighting and electric usage (motors, heaters, etc) in the building. Also, the
layout of the plant and its systems was reviewed to determine a basic

understanding of the operation.

During the March 1995 visit, Entech made additional evaluations of the Boiler

Plant systems and operations.

Entech Engineering, Inc.
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2.5 Model Existing Energy Consumption

2.5.1 General

After the site investigation phase is complete, Entech models the existing

operation of energy users at the facility. Entech uses in-house computer

programs, purchased computer programs, and literature to assist in

calculating current energy costs for producing steam, and operating the

boiler plant. The four main computer models used to estimate energy use

are as follows:

1. Steam Use Model
2. Fuel Use Model
3. Lighting Model
4. Electric Model

The standard abbreviations used in this report include the following:

Standard Abbreviations

Key | Description Key Description

Ave | Average Ibm Pound Mass

Btu | British Thermal Unit Ibs Pounds

Btuh | British Thermal Unit per Hour | Ib/hr Pounds per Hours

cfm [ cubic feet per minute mlbs Thousand Pounds

°F Degrees Fahrenheit mcf Thousand Cubic Feet

ft Feet min Minute

gal | Gallon mmBtu | Million British Thermal Unit
hr Hour mo Month

in Inches psig Pounds per Square Inch Gauge
kW | Kilowatt sf Square Foot

kWh | Kilowatt per Hour yr Year

Entech Engineering, Inc.
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2.5.2

2.5.3

Steam Use Model
Entech developed a model that examines how all of the steam produced at
the boiler plant is used. Most of the steam produced is used at the
buildings for heating, reheat, humidification, domestic hot water, and
process. The boiler plant uses some of the steam produced to preheat
boiler feedwater, heat the No. 6 fuel oil, soot blowing, and oil atomization.
The remainder of the steam produced is lost in the distribution system
through leaks and heat loss from the piping. Each of the steam uses will
be examined in the energy model section of this report. Please refer to the

energy model section for more detail about the following steam uses.

Space Heating

Reheat

Humidification

Domestic Hot Water
Autoclaves and Cage Washers
Sewage Decontamination
Other Process

Boiler Plant Steam Use
Distribution Losses

WX B WD =

Fuel Use Model

For evaluating fuel use, Entech models the natural gas and fuel oil data
summarized in the billing section relative to the steam production from the
plant. Costs are determined for each fuel, and tabulated by month for
1994. Lastly the fuel costs are matched with the steam use model for

determining the impact of each category.

Entech Engineering, Inc.
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2.5.4 Lighting Models
Entech uses a Lotus spreadsheet program to model the lighting load in the

boiler plant. A sample lighting model is shown in Table 2.5.4.1.

Information collected during the site inspections was entered into the
program to develop a monthly estimate of energy cost, usage, and demand
which is associated with building lighting. The program breaks down the
costs by room or area. A definition of each column heading in the model

is as follows:

Area Location of lighting fixtures.

Type Distinguishes fixtures with ballasts from fixtures without ballasts.
The number 1.15 is the ballast factor included for fixtures which
incorporate ballasts. These include Fluorescent, High Pressure Sodium,
Metal Halide, and Mercury Vapor. A 15% increase in electrical load
created by the ballast is accounted for in using the factor. A ballast factor

of one (1) is used for incandescent fixtures since there are no ballast losses.

Illum (FC) Footcandle light level reading measured in each area (not
included in this report).

# of Fixtures Number of fixtures in area. Fixtures used only for

emergency lighting are not included.

Lamps/Fixture Number of lamps per fixture.

Entech Engineering, Inc.
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Watts per Lamp The rated electric loss per lamp or bulb. (Ballast losses

not included.)

Total Watts Total watts is calculated by multiplying "(Type)" x (# of
fixtures) x (Lamps per fixture) x (Watts per lamp).

hrs/wk The estimated hours of operation in one week.

% of kW on Peak The estimated amount of connected load that is

contributing to the typical monthly on-peak electrical demand. Normally

the percent (%) on peak is less than 100% to account for burned out lamps.

kW on Peak Calculated by multiplying (Total watts) x (% on-peak) /
(1,000 watts/kW).

Monthly kWh Calculated by multiplying (Total watts) x (hrs/wk) x (4.3
wks/mo) / (1,000 watts/kW).

Monthly Costs Calculated by multiplying kW and kWh by the

incremental rates for demand and usage shown at the bottom of the

lighting model.

Entech Engineering, Inc.
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2.5.5 Electrical Model

Entech's Electrical Model is a computer spreadsheet used to identify
electric loads within the building and to identify the individual contribution

to electrical demand, usage, and cost.

Loads have been identified from the site investigation. Information from

the lighting model is reflected in the electric model.

It is important to realize that the electric model is a_r_l_g_ppmximgign of the
electricity used by each load. It shows general relationships and gives

reasonable allocation of electrical demand, usage, and cost.
Demand (kW) contributions and estimated kWh usages are then included in
subsequent calculations of the Energy Conservation Opportunities of

Section 6.0 for the boiler plant.

A sample Electric Model is shown in Table 2.5.5.1. A description of each

column heading follows:

Connected Load The total connected electric load, expressed in kW, is

shown for both the heating season and the cooling season.

Winter Demand The average kW contributing to the billing demand each

month. Winter months include December, January, February, and March.

Entech Engineering, Inc.




Intermediate Demand The average contribution to billing demand in the

intermediate months of April, May, October, and November

Summer Demand The average contribution to billing demand in the

summer months of June, July, August, and September.

Winter Usage The estimated full load equivalent operating hours that the
load operates in a day. The kWh/mo. in the next column is then calculated
by multiplying (connect load) x (hrs/day) x 30. The lighting load is

calculated in the lighting model and included within the electrical model.

Intermediate Usage The same as winter usage.

Summer Usage The same as winter usage.

Totals per Year The kW/month for each season is multiplied by 4
mo/season to calculate kW/season for winter, intermediate, and summer.
They are then added together to get annual kW. kWh/year is calculated the
same as KW. The annual cost is calculated by multiplying kW and kWh by

the incremental costs.

Entech Engineering, Inc.
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2.5.6 Heating Degree Days

‘ Monthly weather in degree days is shown in Table 2.5.6.1. The data is
used in the space heating model to calculate heating costs for the base. The
site does not utilize steam for heating during the sumer months, June

through September.

The degree day procedure for estimating heating energy requirements is
based on the assumption that, on a long-term average, solar and internal
gains will offset heat loss when the mean daily outdoor temperature is 65
degrees F. During a 24 hour period, every degree lower than 65 degrees F
is considered a degree day. For example, on a day when the mean

temperature is 20 degrees F, the number of degree days recorded would be

45 degree days (65 - 20 = 45).

Fort Detrick collected heating degree day information at the boiler plant.
This information correlates well with the steam requirements observed at
the boiler plant. The measured total for the heating season is 5,532 heating

degree days.

Entech Engineering, Inc.
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Figure 2.5.6.2 shows heating degree days in graph form.

Heating Degree Days
Table 2.5.6.1

Month 1994
January 1,322
February 1,017
March 851
April 281
May 215
June 0
July 0
August 0
September 0
October 405
November 549
December 892
Total 5,532

Entech Engineering, Inc.
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Figure 2.5.6.2, Heating Degree Days
1994
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2.5.7 mmBtu/Unit
The following energy values have been used in the energy calculations in
this report.
Table 2.5.7.1 mmBtu/Unit

Type Btu/Unit
Natural Gas (mcf) 1,030,000
Electricity (kWh) 3,413
No. 6 Oil (gal) 149,690
110 PSIG Steam (1b) 1,003

Note: The steam value shown above is the energy required to heat steam
from 220°F feedwater to steam at a line pressure of 100 psig.

Entech Engineering, Inc.
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2.6

Energy Conservation Opportunities (ECOs)
After the energy models have been finalized, Entech begins to analyze the ECOs
which were developed during the site inspection. An ECO describes an idea for

decreasing energy costs, and the write up consists of the following sections:

1.  Existing Condition Description
2. Proposed Condition Description
3. Construction Cost Estimates
4. Energy Savings

- 5. Maintenance Savings
6. Discussion

2.6.1 Existing Condition
A general description of the existing condition will be provided as well as |

current annual energy costs.

2.6.2 Proposed Condition Description
The project which is to be implemented will be described in adequate
detail. The expected energy cost for the proposed project will be

formulated and shown.

2.6.3 Construction Cost Estimates
The construction cost estimates prepared for this study are considered to be
"conceptual" in nature. They are conceptual because they are based upon
engineering design that is less than one percent of a complete detailed

design effort for such a project.

Entech Engineering, Inc.
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2.6.4

2.6.5

The cost estimates are broken down into material, labor, and engineer

components. Calculations or a spreadsheet is usually provided with each

ECO.

The final results of a project can vary significantly from the "Conceptual"
cost estimate. The American Association of Cost Engineers (AACE)
generally states that an accuracy range of plus or minus 20% from the total
estimated cost is possible. Variations beyond this range are possible for the

stated scope, but not likely.

Since it is not possible to know the variations that can occur in the future,
nor control certain technologies, contractors, or general economic
conditions, the costs estimated herein should not be construed as fixed or
precise. Rather they are estimates which will require a great deal of effort

to manage until the final costs are realized.

Cost Savings
This portion of the ECO compares the existing and proposed energy costs

and notes increases or decreases in energy consumption.

Discussion
Entech notes the expected payback period and return on investment for the

ECO. Any additional benefits or concerns are noted in this section.

Entech Engineering, Inc.
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2.6.6 Life Cycle Cost Analysis Summary
The life cycle costs were forecasted with the Blast: LCCID version 1.0,
Level 80 Program. LCCID is an economic analysis computer program
tailored to the needs of the Department of Defense (DoD). It is intended to
be useci as a tool in evaluation and ranking design alternatives for new and
existing buildings. LCCID has built-in calculation procedures recognized
as a standard for the DoD. The following is the specific criteria and other

guidance embodied in LCCID according to the LCCID users manual.
The specific criteria and other guidance embodied in LCCID are:

1. Office of Management and Budget (OMBP Circular A-94,
March 27, 1972. OMB Circular A-94 has a new version
(October 29, 1992) but a final decision on incorporating the

new circular into tri-service criteria has not been determined.

2. Code of Federal Regulations, 10 CFR 436A, January 25, 1990.
Annual fuel escalation rates are published by NIST (National

Institute of Standards and Technology) under sanction by
DoE.

Entech Engineering, Inc.
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Memorandum of Agreement on Criteria/Standards for
Economic Analysis/Life Cycle Costing for MILCON Design,
18 March 1991. This memorandum obviated the need for
separate criteria in the three services (Army, Air Force, and

Navy) of the Department of Defense.

DoD Energy Conservation Investment Program (ECIP)
Guidance. This guidance uses the memorandum from Item 3,
as its basis, but also has some qualifying factors for energy

conservation projects and specifies its own format.

The LCCID Program is structured as shown on Table 2.6.6.1, ECIP Study

LCCID Ready Reference, which can be found at the end of this section.

This table was obtained from the LCCID program users manual.

The following criteria was selected/entered into the LCCID program to

obtain the Life Cycle Cost Analysis Summaries prepared as part of each

Common criteria selected for all life cycle cost analysis summaries:

Military Construction Army

User Entry of Consumption Values

ECIP Project

Energy Escalation Rates for FY94 (only option available)
English Units

Entech Engineering, Inc.
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Common criteria entered into all life cycle cost analysis summaries:
—  ECIP Economic Life: Twenty years
—  Location: Pennsylvania

—  Electric Usage Cost: $7.03 per mmBtu

024 X kWh X 1 x 10° Btu
kWh 3,413 Btu mmBtu

—  Project Number: #4130.03

—  Fiscal Year: 1995

—  Project Title: EEAP

—  Installation Name: Ft. Detrick Army Depot
—  Study Preparer: JED

—  Salvage Value: $0

Criteria entered into life cycle cost analysis summaries from the

ECO:

—  Discrete Portion Title: ECO #

—  Construction Cost: Dollars

—  Design Cost: Dollars (Program default of 6% of construction
cost rounded off.)

—  Supervision, Inspection, and Overhead (SIOH): Dollars
(Program default of 5.5% of construction cost rounded off.)

—  Energy Savings: mmBtu (Electrical, oil, gas, etc.)

—  Demand Savings: Annual Dollars (Electrical only)

—  Annual Recurring Savings: Maintenance Savings

Entech Engineering, Inc.
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A sample Life Cycle Cost Analysis Summary Report is shown in Table
2.6.6.2 located at the end of this section. In this example, all the common
criteria noted in 2, Items A and B, was selected or entered into this

summary report.

In Part 1 of the summary report, a construction cost of $100,000 and a
design cost of $6,000 was assumed (rounded in some cases). The SIOH

was rounded off to $6,000 by the user.

In Part 2 of the summary report, an electric energy saving of 1,000
mmBtu/yr was assumed. A $2,000/yr demand savings shown in "2 M" was

also assumed.

In Part 3 of the summary report, a maintenance savings of $100/yr was also
assumed. In the actual summary report, the above-assumed numbers would
originate from an ECO. In the example, the program calculated a simple

payback of 12.26 years and a savings to investment ratio of 1.26.

Entech Engineering, Inc.
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TAHLE 2.6.6.2

LIFE CYCLE COST ANALYSIS SUMMARY STUDY: DETRICK2
ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) LCCID 1.080
INSTALLATION & LOCATION: FT. DETRICK REGION NOS. 3 CENSUS: 3
PROJECT NO. & TITLE: 4130.03 FT. DETRICK STEAM STUDY
FISCAL YEAR 1995 DISCRETE PORTION NAME: EXAMPLE
. ANALYSIS DATE: 07-20-95 ECONOMIC LIFE 20 YEARS PREPARED BY: ENTECH ENG.

1. INVESTMENT

A. CONSTRUCTION COST S 100000.

B. SIOH S 6000.

C. DESIGN COST $ 6000.

D. TOTAL COST (1A+1B+1C) $ 112000.

E. SALVAGE VALUE OF EXISTING EQUIPMENT $ 0.

F. PUBLIC UTILITY COMPANY REBATE S 0.

G. TOTAL INVESTMENT (1D - 1E - 1F) S 112000.

2. ENERGY SAVINGS (+) / COST (-)
DATE OF NISTIR 85-3273-X USED FOR DISCOUNT FACTORS OCT 1993

UNIT COST SAVINGS ANNUAL $ DISCOUNT DISCOUNTED
FUEL $/MBTU (1) MBTU/YR (2) SAVINGS (3) FACTOR (4) SAVINGS(5)
A. ELECT $§ 7.03 1000. $ 7030. 15.61 S 109738.
B. DIST $ 4.25 0 $ 0 17.56 S 0
C. RESID $ 2.81 0 $ 0 19.97 S 0.
D. NAT G $§ 3.43 0 $ 0 20.96 $ 0.
E. COAL & .00 0 $ 0 17.58 S 0.
F. LPG S .00 0 $ 0. 16.12 $ 0.
M. DEMAND SAVINGS $ 2000. 14.74 S 29480.
N. TOTAL 1000. $ 9030. $ 139218.
. 3. NON ENERGY SAVINGS(+) / COST(-)
A. ANNUAL RECURRING (+/-) $ 100.
(1) DISCOUNT FACTOR (TABLE A) 14.74
(2) DISCOUNTED SAVING/COST (3A X 3A1) S 1474.
B. NON RECURRING SAVINGS(+) / COSTS(-)
SAVINGS (+) YR DISCNT DISCOUNTED
ITEM COST (-) ocC FACTR SAVINGS (+) /
(1) (2) (3) COST(-) (4)
d. TOTAL S 0. 0.
C. TOTAL NON ENERGY DISCOUNTED SAVINGS (+)/COST(-) (3A2+3Bd4)$ 1474.
4. FIRST YEAR DOLLAR SAVINGS 2N3+3A+(3Bdl/ (YRS ECONOMIC LIFE))S$ 9130.
5. SIMPLE PAYBACK PERIOD (1G/4) 12.27 YEARS
6. TOTAL NET DISCOUNTED SAVINGS (2N5+3C) $ 140692.
7. SAVINGS TO INVESTMENT RATIO (SIR)=(6 / 1QG) 1.26
(IF < 1 PROJECT DOES NOT QUALIFY)
8. ADJUSTED INTERNAL RATE OF RETURN (AIRR): 4.28 %
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2.7

Draft Report/Client Review/Final Report

After the previous sections have been substantially completed, Entech proceeds to
compile the information into the report format. Entech schedules a meeting with
the client to present its findings. A copy of the report is supplied to the client for

a more detailed review. The client's review process typically lasts 2-3 weeks.

Entech will then proceed to incorporate the clients review comments and produce

a final report. Typically, the final report will be completed within two weeks.

Entech Engineering, Inc.
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3.0 FACILITY DESCRIPTION -

3.1

General

The Fort Detrick facility is located in Frederick, Maryland. The two (2) square
mile site contains over 200 buildings and homes that are occupied by the U. S.
Army and the National Cancer Institute. An overview of the portion of the base
served by the steam system can be seen by reviewing the Steam Distribution

System map in Attachment 8.8.

Fort Detrick's mission is to provide base operations support for the missions of
tenant activities on the installation. Such activities include the potentially
hazardous research operations of the National Cancer Institute's Frederick
Cancer Research and Development Center, the U.S. Army Medical Research
Institute of Infectious Diseases (USAMRIID), the U.S. Department of
Agriculture's Agricultural Research Service, and the U.S. Army Medical
Research and Development Command (USAMRDC).

The Fort Detrick Boiler Plant serves approximately 120 buildings on the site.
The availability of steam is vital for research with infectious materials and
agents in order to prevent endangering the public as well as the environment.
Steam provides sterilization of all liquid waste from contaminated laboratory
buildings as well as operation of large and small autoclaves. Steam also
provides the heat for laboratory controlled environments
(temperature/humidity) as well as the normal requirements of space heating.
The existence of a central steam system, as well as a contaminated sewage
collection/sterilization system, is the reason why the tenants have located at

Fort Detrick.

Entech Engineering, Inc.
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3.2

Boiler Plant

The first portion of Fort Detrick's Boiler Plant, Building 190, was constructed in
1952. The original installation included four (4) 33,000 lb/hr, No. 6 oil-fired
boilers, which were numbered 1 through 4. Building 190 was expanded in 1956
to add two (2.) 66,000 lb/hr boilers, numbers 5 and 6. In 1966, Boilers No. 3 and
No. 4 were replaced by a new 130,000 1b/hr boiler. The new boiler was labeled
Boiler No. 3 and eliminated the reference to Boiler No. 4. In 1991, Boilers No. 1
and No. 2 were replaced by two (2) new 65,000 1b/hr boilers. At the present time,
the peak "available" capacity of the boilers for the site is at 262,000 Ib/hr
assuming that the largest boiler, No. 3, could be out of service at anytime. The
support systems for the boilers for the most part are of common systems. This
includes make-up water with chemical treatment, blowdown heat recovery and
softened water; deaerator heating including condensate return; blowdown
accumulation and recovery; fuel oil storage, heating and transfer; compressed air;
and emergency power (80% of plant operation) via a diesel generator. A

summary of the boilers is shown in Table 3.2.1 on the following page.

Entech Engineering, Inc:
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Fort Detrick, Building 190

Boiler Plant Systems
Table 3.2.1
Capacity | Yr. Nat. | No.6 | Stack
No (Ib/hr) | Built | Description Gas Oil | Econ. |ID Fan | FD Fan
1 65,000 | 1991 | Packaged Watertube yes yes yes no yes
2 65,000 | 1991 | Packaged Watertube yes yes yes no yes
3 130,000 | 1966 | Industrial Watertube yes yes yes yes yes
5 66,000 | 1953 | Industrial Watertube yes yes no yes yes
6 66,000 | 1956 | Industrial Watertube yes yes no yes yes

Original Boilers No. 3 and No. 4 were replaced by Boiler No. 3 listed above.

Other Boiler numbers remained the same. The total installed capacity of the

Boiler Plant is 392,000 1b/hr. A brief description of the boilers, and a summary of

the Boiler System Specifics, Common Systems and Support Equipment follow.

3.2.1 Description of Existing Boilers

Boiler No. 1

Boiler No. 2

Cleaver Brooks 65,000 lbs steam per hour, 2 drum, D-
style packaged unit, natural gas / No. 6 oil fired burner
firing through boiler end. Economizer installed on
boiler flue gas outlet. Forced draft fan only. Boiler
heating surface is 4,346 sf, and water wall heating

surface is 751 sf. Constructed in 1991.

Cleaver Brooks 65,000 1bs steam per hour. Same as

Boiler No. 1.

Entech Engineering, Inc:
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3.2.2

Boiler No. 3

Boiler No. 5

Boiler No. 6

Erie City iB0,000 Ibs steam per hour, 2 drum, cross
drum, brick set, field erected, total of four natural gas /
No. 6 oil burners firing through boiler sidewall.
Economizer installed on boiler flue gas outlet. Forced
draft and induced draft fans. Boiler heating surface is
10,640 sf, and water Wa@g surface is 2,750 sf.
Constructed in 1966. New€conomizer installed in
1980.

Erie City 66,000 lbs steam per hour, Type IWT, 2 drum,
cross drum, brick set, field erected, total of three natural
gas / No. 6 oil fired burners. Forced draft and induced

draft fans. Boiler heating surface is 7,310 sf, water wall

heating surface is 830 sf. Constructed in 1953.

Keeler Co. 66,000 Ibs steam per hour, 2 drum, cross
drum brick set, field erected, total of three natural gas /
No. 6 oil fired burners. Forced draft and induced draft
fans. Boiler heating surface 6,168 sf. Water wall
heating surface 1,832 sf. Constructed 1956.

Boiler System Specifics

Boiler Operating Conditions 110 psig (344°F)
Boiler Drum Conditions 115-125psig (347-353°F)
Boiler Header Conditions 110-112psig (344-346°F)
Distribution Conditions 90-110psig (330-344°F)
Condensate Return 5-12psig . (160-220°)

Entech Engineering, Inc:
3-4




3.2.3

3.24

3.2.5

Common Systems

Feedwater Temperature (Ave.) 220°F from deaerator
Make-up Temperature = (Ave.) 60°F to deaerator
Condensate Return Temp. (Ave.) 165°F to deaerator
Support Equipment

Deaerators (Qty of 3)

Feedwater pumps (Qty of 5)

Make-up Water (Tank/Pumps etc.)

Condensate Equipment (Tank/Pumps etc.)

Softened Water Equipment (Tank/Pump etc.)

Chemical Feed (Bins/Pumps etc.)

Compressed Air Equipment-Plant only (Air Compressors, Dryers, etc)
Fuel Oil System (Tanks, Pumps, Heaters, etc)

Refer to the electric model in Section 5.14 for details of the boiler plant's
equipment. Information in that section pertains to the connected loads and
power consumption (i.e., demand and usage). Figure 3.2.2 is a layout
schematic of the boiler plant showing the location of major equipment

including all electrical users listed in the electric model.

The plant's primary auxiliary systems and equipment are briefly discussed

in the following pages..

Treatment of Boiler Feedwater

The raw water supply is initially feed through the plant's Zeolite Water
Softening Equipment prior to its storage in the Make-up Water Storage
Tank. From here the make-up water is sent to one of three deaerators
located on the upper level for heating and dearation. In addition, make-up

and/or boiler feedwater are treated with various chemicals in an attempt to

Entech Engineering, Inc:
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3.2.6

3.2.7

remove the remaining corrosive gases, and to stabilize the alkalinity of the
water. Salt, phosphates, sodium hydroxide, sulfites and polymers
constitute the majority of chemicals involved with the treatment of boiler

feedwater at Fort Detrick.

Deaerators

Boiler condensate return and make-up water are combined in the three
deaerators with pressure reduced steam to remove the majority of
dissolved gases. This is done to minimize corrosion in the feedwater
piping and boiler tubes. The added steam which includes flashed boiler
blowdown also adds heat to the water mix, thus reducing the fuel input

requirements.

Stack Economizers

Boiler feedwater is pumped from the dearator storage tanks to the
individual boiler drums. On three of the Boilers, No. 1, No. 2, and No. 3,
the feedwater is first passed through a steam to water heat exchanger, and
then through a stack economizer in the high temperature flue gas steam.
The reason for doing this is to take advantage, within reason, of excess
heat in the flue gas. The purpose for pre-heating the feedwater prior to
entering the economizers is to maintain tube surface temperatures above
the dew point of the flue gas, minimizing corrosion on the tubes. Once the
feedwater exits the economizers it then is piped directly to the boiler

drums.

Entech Engineering, Inc:
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3.2.8

3.2.9

Blowdown and Heat Recovery

All five boilers utilize pinch valves for controlling continuous blowdown
at a single location near the common blowdown tank. At present, each
boiler is manually controlled based on daily evaluations of the individual
boiler-drum solids concentrations. Flashed steam from the blowdown
helps to feed the deaerators, and the blowdown itself is sent through a
plate and frame heat exchanger to heat incoming make-up water, from the

storage tank, prior to its entry into the deaerators.

Natural Gas Supply

Natural gas is supplied by Frederick Gas Company of Frederick,
Maryland. During the 1980's a gas main was installed that runs across the
Fort Detrick site. The routing placed the line next to the boiler plant
allowing for a tap for the plant. The 4" branch to the plant initially comes
in at 200 psig, and it is eventually reduced down to 30-35 psig for Boilers
No. 1, No. 2, No. 5, and No. 6, and 13 psig for Boiler No. 3. Metering is
done at the main by Frederick Gas, and by Fort Detrick personnel with

each boiler.

3.2.10 Oil Storage and Transfer

Fort Detrick stores No. 6 fuel oil on site for use in the Boiler Plant. The

fuel oil is used to supplement gas service from Frederick Gas.

One (1) 400,000 gallon aboveground tank is currently available for fuel oil
storage. Ten (10) 53,000 gallon No. 6 oil underground storage tanks were
recently removed from the site. A 250,000 gallon aboveground tank will

Entech Engineering, Inc:
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be constructed later this year to replace the removed tanks. Fort Detrick

will then have 650,000 gallons of fuel oil storage capacity.

The oil will be pumped from either tank by one of two existing pumps in
the pﬁmp house on site. The oil will be heated prior to pumping by a
suction heater at the tank. The oil is pumped to one of two day tanks
when the plant operator decides their levels are too low. Each of these
existing day tanks will be replaced with a 12,000 gallon double wall

underground storage tank as part of the ongoing fuel storage project.

When oil is required for one of the boilers, the oil is pumped from either

of the day tanks with its associated pump and heater set.

The entire fuel oil system is manually operated. The only automatic
controls are safety shutoffs to prevent overfilling the day tanks. Metering

of the oil is performed by Fort Detrick personnel with each boiler.

Entech Engineering, Inc:
3-8




‘1‘&%;?6&“03!65

P o
Ao
¢ 9.0 ®
[ | | enmRance ‘
: | P | 1
———_————— ———— e =
[ : T — !  — [ —
- | sl EiE i
}ri I|  omsm ceveraToR : \mum\_wm

S R I et S 3 T [
T e T 1 'D] =3
': e IR o ﬂ U E !
o Tl ,‘ = !
ol | | !2 S| |
- f g—‘:mmm) g-:(upsrm) ' ! l I
i f=n | ; =]
] 5 1 2 — l
== ;’ 1 -5 b 2] |
i.t : : li::’ N
? | ? ot
£ _________________ I_. et e e i’: R
| [ i | i
1 i [T e
T o i
e tJ —_ :
‘ - g

ABBREVATIONS ~  nNotES:

n o L T S 2
AR OAYER

AR CONOMONER 2 Mwmurwmumm‘
CHEMCAL FEID Pt

CONDENSATE P

OXHAUST FAN

FORCED DRAST Famv

FUEL Ok Puue

FEED WATER Puue

HOT WATER HEATER

NOUCED DRAFT FAM

MOTOR CONTROL CENTER

MAKEUP WATER PuMe

S PUNe

SOFTENED WATER Mase




| —

ISSUE

S

i

DATE

FC
BORER

EC

ENTEC

FORT DETRICK

v raan

Zeiam &

e

3/2/98] -
wag
ot

.oATT IS

AT

DATE PRINTED




TR G A S aden o ek -

R b Illﬂul i e S

_ 0

BOLER 2

L2
APPD

FREDERICK. M.D.
-:;G
2

"sads .
X

S

KT
an

JEO

ceam e T N3 0

ISSUED WITH FINAL REPCRT
ISSUED _FOR

AT AT

0431 Q.

ENTECH Engineering Inc.
i .

el 5
%
«W |
vm T -
N “ ) B
mem “ ! £
]
gt m 5
| 1 ' |
N ' ! TRV P |
= 1 |
] 1 iy | g Fosn ] Ad Java JA- W
0 | _a
] ] |
' 1 |
R — ! ] |
Py — ' 1 ,
] t
] 1
1 ]
| - H
%




33

Steam Distribution

Steam is distributed to the buildings at Fort Detrick through an extensive piping
system, consisting of pipe in underground tunnels, direct buried pipe, and
overhead lines. Some of the overhead piping was installed to replace failed
underground ~1ines. The bulk of the piping remains in place either in tunnels or

underground.

Steam leaves the boiler plant at a pressure of 110 psi through four different pipes.
The three original mains, two (2) 10" and one (1) 8" pipe supply steam to all of
the buildings on the Central System except Building 1425, USAMRIID, which
has a separate 16 inch line that was installed around 1988. The line was intended

to alleviate problems of inadequate steam pressure at the building.

There are numerous pressure reducing stations around the base, and they are
primarily, located in manholes. These stations reduce the steam pressure to the
level required by the buildings served from the manhole. Office buildings
typically require only 10-15 psi steam for space heating and domestic hot water.
Laboratories may require steam pressures at a minimum of 60-70 psi to operate

autoclaves or other process equipment.

Condensate is returned from the distribution mains, and from applications and
processes that are not considered hazardous. In the cases where steam or
condensate is potentially exposed to hazardous materials, as with autoclaves, the
condensate is then sent directly to the contaminated sewage system for process.
Processes like the contaminated sewage treatment use direct injection and

therefore do not create condensate for return.

Entech Engineering, Inc:
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The original installation allowed for the majority of the piping to be gravity feed
to the condensate storage tank near the boiler plant. Subsequent changes to the
piping due to re-design or condensate repairs has led to the increased use of

condensate pump sets.

Condensate and steam piping leaks have been and will continue to be a problem.
A number of repairs are presently in process for resolving such leaks. Condensate
return numbers have progressively gotten better as these repairs are completed.

In 1993, condensate levels dropped to around 25% at times. Leak resolution and

some undetermined process changes have increased this total to over 40%.

It was estimated that the present breakdown of linear feet of piping aboveground,

underground and within tunnels is as follows in Table 3.3.1.

Steam and Condensate Piping Estimates (ft)

Table 3.3.1
Location Percent | Steam Condensate Total
Aboveground 35% 15,050 18,200 33,250
Underground 10% 4,300 5,200 9,500
Tunnel 55% 23,650 28,600 52,250
Total 100% 43,000 52,000 95,000

The piping and insulation conditions can be summarized as follows. The newer
aboveground steam and condensate is adequately insulated and in good shape.

The underground piping is in poor condition with leaks continuing to develop as

Entech Engineering, Inc:
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The piping and insulation conditions can be summarized as follows. The newer
aboveground steam and condensate is adequately insulated and in good shape.
The underground piping is in poor condition with leaks continuing to develop
as time passes. Its insulation is also considered in poor condition because of the
evident browning of the grass above. The tunnel piping which includes the
manholes is in fair to poor condition with some noticeable leaks from particular
manholes. The insulation in many of the manholes is either in bad condition or
completely off the piping. Insulation in the tunnel is assumed to be in similar
condition, poor. A detailed study of this piping would be required to determine

a scope for addressing these problems.

Attachment 8.8 contains a map of the steam distribution system. This
information was gathered from existing zone maps provided by Fort Detrick's
engineering office and from data collected by Entech during site visits. The

map is intended to be an overview of the system layout and sizes.

Buildings

Most of the buildings connected to the Steam Distribution System are
positioned between Rosemont Avenue (State Route 73) and Ditto Avenue. The
buildings not served by the Steam Distribution System are either unheated,
utilize an independent oil fired heating system, utilize an independent gas fired

heating system, or have electric heat.

Table 3.4.1 lists the buildings connected to the Steam Distribution System. The

building name, use, and estimated square footage is included in the table.

Entech Engineering, Inc.
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FORT DETRICK
FREDERICK, MARYLAND
Table 3.4.1

. BUILDINGS USING STEAM

Signal Service Office 4,600
Thrift Shop Store 3,000
Signal Service Empty? 1,000
S-100 Outside Electric Shop Warehouse/Shop/Office 5,000
S-101 Sewage Pump 800
S-122 Rodent/Pest Control Storage 1,100
190 BOILER PLANT 11,200
S—-198 FE Mnt. Shop Wharehouse/Shop 12,100
200 Equipment Shed 1,200
S$—20t1 Engineering Offices Offices 25,300
T-239 Cancer Research Center Warehouse 10,000
S—-243 Fe Sths Warehouse/Shop 6,600
S-—-244 Cancer Research Center Office 5,100
T-248 " Cancer Research Center Warehouse 4,800
T—-249 Cancer Research Center Warehouse 4,800
S—-261 Radiology Labratory 2,500
S~-262 Gen. Storehouse Warehouse 5,000
S-263 Fe Mnt Shop Mech Shops/Storehouse 13,900
S-312 CRC — Fermentation Production Facility 400 Fenced in with 313
S—313 CRC — Fermentation Production Facility 2,300
314 Cancer Research Center Warehouse/Shop 3,800
S-318 Warehouse 3,300
S-319 Warehouse 3,300
S--321 Cancer Research Center Office 4,000 Currently under construction
S-322 Cancer Research Center Office 4,000
S-323 Cancer Research Center Warehouse 3,300
S-324 NCI—-FCRF Central Supply & Trans Warehouse 7,500
S-325 Cancer Research Center Labratory 12,800
326 USDA Storage 200
S-347 Cancer Research Center Chemical Storage 2,000
349 Cancer Research Center Office 3,000
$-350 Cancer Research Center Office/Maintenance 9,300
S-361 Cancer Research Center Maintenance Shop 11,400
T-362 Cancer Research Center Office 9,400
374 USDA Lab 18,400
375 Steam Sterilization Plant Shop 21,200
376 Cancer Research Center Labratory 31,300
393 Incinerator Incinerator 7,600
S—-426 CRC—Safety Protective Services Offices/Med 6,800
427 Cancer Research Center Office 6,000
428 Cancer Research Center Office 7,400
429 Cancer Research Center Lab 6,400
430 Cancer Research Center Office 6,000
431 Cancer Research Center Lab 12,000
S—432 Cancer Research Center Lab 21,500
S-433 Cancer Research Center Lab 5,800 Replaced with a new lab
S—434 CRC — Fermentation Offices/Lab 13,800
S—-459 Cancer Research Center Warehouse/Shop 10,200 Undergoing major renov.
469 Cancer Research Center Labratory 56,100
472 Cancer Research Center Labratory 6,500 Contains numerous tanks.
T-501 Education/Library Office 7,600
S—-504 USAMRDC Office 9,800
S-505 HQ USAMRDC Office 3,900
S-521 Adm Gen Purp Office 11,500
S-522 Cancer Research Center Labratory 13,000
S-524 USAMBRDL Admin Office 5,300
S-525 Adm Gen Purp Office 6,500
538 Cancer Research Center Labratory 64,200
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BUILDINGS USING STEAM

FORT DETRICK
FREDERICK, MARYLAND
Table 3.4.1

539 CRC~—Leroy D. Fothergill Lab
549 Cancer Research Center Library 15,000
550 Cancer Research Center Labratory 20,000
560 Cancer Research Center Labratory 170,000
562 Cancer Research Center Labratory 15,000
567 Cancer Research Center Lab 33,000
568 Biomedical R&D lab Lab 49,300
571 CRC—-ANIMAL BUILDINGS Labratory 35,700
576 CRC—Biological Response Modifiers Office 2,200
T-611 William Strough Auditorium Auditorium w/stage 5,200
$-660 Visiting Officers Quarters Residence 12,200
T-701 Office 2,000
T~703 Fire Station 2,300
T-713 Post Exchange Post Exchange 9,600
T-715 | Judge Advocate/Legal Assist DVQ Residenc: Office 2,400
T-718 Community Club Community Club 10,500
T-722 Adm. Gen Purp. Office 9,600
T-817 ASAMRAA Office 10,400
810 Administration Office 34,200
T-818 Administration 2,000 Connected to 817
T-819 ASAMRAA Office 1,400
T-820 ASAMRAA Office 7,200 Connnected to 817
T-823 Medical Logistics Office 2,100
T-824 Medical Logistics Office 2,100
T-830 Training Center Office 7,500
T—833 Navy Office 6,700
T—-834 Navy Office 500 Connected to 833
T-835 Office 1,600
T-838 Field House Field House/Gym 13,400
S-839 Fitness Center Gym 5,000
T—901 Gen. Store House Warehouse 10,000
T-902 Motor Pool Office 4,600
T-9803 Motor Pool Office 2,000
T—-904 Motor Pool Office 2,000
T-914 PM Adm Office 3,700
915 Bowling Center Bowling/Office 5,000
T-921 Car Wash/Auto Shop Shop 3,400
T-925 Religious Education Training/Education 2,100
949 YOUTH CENTER Youth Center 5,200
1021 Cancer Research Center Admin/Food Storage 7,500
1022-1049 CRC—-ANIMAL BUILDINGS Animal Storage 36,000
1040 CRC—-ANIMAL BUILDINGS Maintenance 3,000
1050 Cancer Research Center Warehouse/Cffices 40,000
1054 Medical Advance Tech Mgmnt Cffice/Warehouse 37,000
1301 USDA Labs/Offices 39,800
1302 USDA Labs/Offices 8,800 Attached to 1301
1303 USDA Greenhouse 3,700
1304 USDA Greenhouse 3,700
1305 USDA Greenhouse 3,700
1306 USDA Greenhouse 3,700
1412 USAMRIID ANNEX Lab 70,000
1414 USAMRIID ANNEX Warehouse 2,000
1422 DATA PROCESSING Office 11,200
1425 USAMRIID ANNEX Lab 224,100
1430 ENLISTED BARRACKS Residence 38,200
1520 Commisary Commisary 40,100
1,766,200
Entech Engineering, Inc. 26—-Jun—95 G:\PROJECT$\4130.03\SS\MODELS\BUILDING.WK!




4.0

4.2

BILLING HISTORIES

General

The energy analysis for this report is based upon data obtained for the 12 month
period from January 1994 through December 1994. Information from 1993 is
also included for comparison. The gas billing summarizes the direct costs
associated with using gas for the boilers in the boiler plant. Additionally, natural
gas and fuel oil usage, and boiler steam production totals are investigated in this
section. This data was obtained from boiler logs maintained daily at the plant.
To remain consistent and clear, Entech will use the information from the boiler
logs to develop fuel to steam efficiencies, and for identifying usage trends and/or

impact.

The billing associated with the electrical use is for the entire site. Electric usage
meter readings for the boiler plant, as recorded by boiler plant personnel, are also

included to complete the analysis.

Natural Gas
Fort Detrick uses natural gas in its boiler plant and in some of the site's buildings.
For this report, the concern will only be for the natural gas used in the plant for

making steam. The Frederick Gas Company supplies natural gas on an

%mlplibl&se\rvic;i for the boiler plant. Table 4.2.1 on the following page

S ———
e SR

displays their billing history to the boiler plant for 1993 and 1994. Figure 4.2.2.
graphically displays gas consumption for the last two years according to the
Frederick Gas Company bills. Copies of the bills and the sales agreement for Fort
Detrick can be referenced in Attachment 8.1.

Entech Engineering, Inc.
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1993/1994 Natural Gas Billing History
Frederick Gas Company, Account #6000.001005

Table 4.2.1
1993 — Natural Gas Billing History
Total Usage Cost Ave.

Month # Days (mcf) (%) $/mcf | mcf/day | mmBtu
Jan 29 22,220 $85,534 $3.85 766 22,887
Feb 31 21,030 $81,033 $3.85 678 21,661
March 30 37,010 $142,607 $3.85 1,234 38,120
April 30 74,820 $288,012 $3.85 2,494 77,065
May 28 53,150 $231,516 $4.36 1,898 54,745
June 33 55,730 $242,754 $4.36 1,689 57,402
July 30 50,080 $174,849 $3.49 1,669 51,582
Aug 32 51,760 $180,715 $3.49 1,618 53,313
Sept 30 55,070 $214,776 $3.90 1,836 56,722
Oct 29 59,560 $208,975 $3.51 2,054 61,347
Nov 30 78,620 $277,206 $3.53 2,621 80,979
Dec 30 39,700 $156,208 $3.93 1,323 40,891
Totals 362 598,750 $2,284,185 $3.81 1,654 616,713

1994 — Natural Gas Billing History
Total Usage Cost Ave.

Month # Days (mcf) (%) $/mcf | mcf/day | mmBtu
Jan 32 18,802 $73,621 $3.92 588 19,366
Feb 28 33,527 $132,832 $3.96 1,197 34,533
March 31 90,567 $356,005 $3.93 2,922 93,284
April 29 66,430 $240,306 $3.62 2,291 68,423
May 32 63,276 $229,123 $3.62 1,977 65,174
June 30 46,638 $168,544 $3.61 1,555 48,037
July 29 43,694 $158,215 $3.62 1,507 45,005
|Aug 33 53,261 $170,960 $3.21 1,614 54,859
Sept 30 50,118 $160,083 $3.19 1,671 51,622
Oct 31 60,033 $192,508 $3.21 1,937 61,834
Nov 30 68,437 $219,457 $3.21 2,281 70,490
[Dec 30 13,885 $44,481 $3.20 463 14,302
Totals 365 608,668 | $2,146,135 $3.53 1,668 626,928
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As previously stated, the natural gas usage history from the Boiler Plant daily

logs was accumulated for each boiler. This information is shown graphically in

Figure 4.2.3, for 1994 and it is also Tabulated in Table 4.2.4 for 1993 and 1994.

‘adi\{:loiler is identified separately in Table 4.2.5.
e

Natural gas used for bankingts

Banking is the practice of utilizing fuel\for maintaining drum pressure in a boiler
while on standby. Figure 4.2.6 comparé\he total usage trends for 1993 and

1994. Again, the boiler log data will be used for determining efficiencies, and

savings where applicable.

Entech Engineering, Inc.




1994 Natural Gas Usage

Boiler #1 thru #6
Measured in Boiler Plant

mcf (thousands)

OOOOOO

Jul Aug Sep Oc

Month
[ IBoiler 3

Apr May Jun

Feb Mar

Jan

N Boiler 5

E Boiler 2

Bl Boiler 1

Figure 4.2.3
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During the auditing of the billing and usage histories, discrepancies were
determined between the billing data and the boiler log data for natural gas. A
graphical comparison of the two is shown in Figure 4.2.7 for 1994. An additional
comparison is done in Table 4.2.8. In this table ratios are used in an attempt to

derive trends which might aid in determining the differences.

The trend evident in Figure 4.2.7 shows that the largest discrepancies in 1994
occurred in the months from April through September. Id/eg@'_ugibﬁ_aﬂu\

cause for these dlscrepanc1es from analyzing Flgures 4 2 5 & 4.2.6 would only be .

e vt it e e

W Further evaluation of both sets of data has led Entech to use the

boiler log information for determining efficiencies and/or savings. These will be

shown, and discussed later in the report.

As for the costs, the $3.53/mcf unit cost, determined from the Frederick Gas

Company billings, will be used when calculating savings with individuals ECOs.

Entech Engineering, Inc.
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4.3

Fuel Oil

Fort Detrick utilizes No. 6 fuel oil as a secondary fuel for steam production.
According to Fort Detrick facility personnel, the incremental cost of purchasing
No. 6 fuel oil from the Defense Fuel Supply Center is $0.42 per gallon. This

value will be used when determining ECO cost savings.

The Boiler Plant daily log data is the source for tracking the history of No. 6 fuel
oil use Table 4.3.1 totals the usage and costs for 1994. Figure 4.3.2 graphically
displays the individual boiler usage for 1994, and Table 4.3.3 summarizes the
monthly information for 1993 and 1994 by boiler. Table 4.3.4 reflects the fuel oil
used for banking. Figure 4.3.5 graphically compares the two years.

Frederick Gas Company allows Fort Detrick to be on the interruptible rate as long

J——

asa 51gn1ﬁcant part of the steam load in the winter is fired by fuel oil. The boiler

— B PR

plant operators accomphsh th1s by base loading Boiler No. 3, the largest boiler, .-

on No. 6 fuel oil from December to March.

e
e et et e 3 22 £r RS

Entech Engineering, Inc.
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No. 6 Fuel Oil
1994 Usage and Cost Summary

Figure 4.3.1

Month Gallons Cost |
January | 699,269 $293,700_
February 413,326 $173,600
March 0 $0
April 0 $0
May 0 $0
June 524 $220

July 0 $0
August 0 $0
September 0 $0
October 44,476 $18,680
November 0 $0
December 487,976 $204,950
Total 1,645,571 $691,150

Entech Engineering, Inc.
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