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I. Attached to enclosures (1) through (7) are the DD Form 1391’s, Budget
Estimate Summary Sheet, Collateral Equipment List, and Site Plan for each
project. These attachments along with enclosure (8) represent what was
forwarded to NAVFACENGCOM for the FY 89 EON budget submittal on
17 November 1986. .,,..,,
2. Projects which were submitted to NAVFACENGCOM but have since dropped from
the FY 89 MCON Program are: Project P-679,Electronics/Communications
Maintenance Shop; P-810, Mechanics Training Building; P-841, Mess Hall
Addition; Project P-845, Oil Spill Control Facility.

3. Request you review the enclosures and provide any comments within 30
days. If no comments are submitted, concurrence will be assud.
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APPENDIX A 24 Dec 1986

I. In House Design
Construction Contract No.: N62470-87-B-T135

Project Title/Location: FY 89 MCON Project P-829, Fly Ash Control System,
Building 1700, Marine Corps Base, Camp Lejeune, North Carolina (MARCORB Camp
Lejeune)

Attachments:

(a) DD Form 1391 dated 3 Nov 1986 with Facility Study
(b) Environmental Pollution Control Report dtd 12 Feb 82
(c) LANTDIV Report of InvestiQation of Ash Collection and

Disposal System
(d) Proposed Site Plan

2. Project Budget: $ 570,000 Construction Cost: $ 513,000

Approval from the Project Manager (PM) is reauired to continue design in excess
of programmed funds. You are responsible to design to scope. Approval from the
PM is required to continue design in excess of the authorized scope.

3. LANTNAVFACENGCOM PM/Telephone:

Ms. S. M. Gale, P. E., Code 09A2131/804-444-9670

Activity Point of Contact/Telephone:

Mr. Larry Brant, Public Works Department /919/451-1833
Mr. G. S. Johnson, Utilities Department/919-451-S161

5. Services Required:

a. The followina listed services are required:

Plans
Specifications
Cost Estimate
Asbestos Testing
Shop Drawing Review
As-Built Dwa Prep
Air/Water Permit Prep

b. Bench mark datum shall be obtained from the ctivitv.

6. Proposed Design Milestones: (Calendar days)

Your assessment of the schedule shall be provided monthly to the Project
Manager.





CUMULATIVE
NO. DAYS GOVT REV

In-house Design Start 0
35% 105
Prefinal 270
Final (100%): 360
Advert ise 375
Award Construction Contract: z65

60

7. Scope Description: The project is to provide an additional fly ash handlinq

and storaqe system for Electrostatic Precipitation (ESP) fly ash at the Central

Heating Plant, Buildina 1700. Construction modifications to include ash transfer

equipment for ESP’s, sparate fly ash silo and ash unloading facilities to

enhance future recycling options, and air pollution controls during handling, run

off controls and auxiliary equipment. Provide drain pit for truck wash down and

tie into existing water purification system. Provide local controls for new ash

silo. See attachments (a), (b), and (c).

8. Site Approval Status: Not received

9. Project Environmental Assessment (PEA): Not completed

lO. Intergovernmental Coordination Required by Designer with State or Federal

Aaencies Outside DOD: The State of North Carolina, Air Pollution Control Board,

must be contacted for review of mechanical system of fly ash control to assure

final desian complies with "Regulations for the Control and Abatement of Air

Pollution.

II. Tentative Site Plan Attached: See attachment (b).

12. Special Building Systems:

Power Distribution System(s) 277/a80 volt. A new transformer will beao
required.

b. MCON Funded Built-in EQuipment Fly Ash Silo System

c. Con)ressed Air Supplied locally from new air compressor

13. Easements, Air and Water Discharge Permits Required: Air and water

discharQe permits will be submitted by the Activity, Mr. Bob Alexander, Base

Environmental EnQineer, telephone a51-3034, area code 919.

a. Points of Connection Proposed: (Subject to designer verification)

Water local in Bldg 1700
Sewer tie into local system
Power supplied by new transformer
Steam supplied locally from Building 1700
Telephone N/A
Fire Alarm N/A

See attachment (d).





b. Restrictions on Utility Interruptions: Coordinate with

MARCORB Camp Lejeune, Utilities Division, Manager, Mr. G. S. Johnson, telephone

919-451-5161.

15. Construction Procurement StrateQy:

a. Number of Construction Contracts: One

b. Proposed Construction Period: lO Months. Project will be packaQed for

construction with special Project LI 803M, Fly Ash Handling System for Boilers,

MARCORB Camp Lejeune. lO Months

c. Applicability of Standard LiQuidated Damages: No deviation

d. Methods of Procurement Proposed: Competitive Bid (Firm-Fixed-Price)

16. Project Submittal Distribution:

PM (Codes lO/ll/05)
STATE AIR POL.

ACTIVITY CONTROL BOARD ROICC

Preliminary (35%)

Plans l 3

Outline SDecification
Cost Estimate l l

Basis of Desiqn

Prefinal

Plans, Specifications
Cost Estimate
Calculations, Environmental
Permits

Final

Plans Tracings
Prints

Specifications

Cost Estimate

Original
2 sets
Bond
2 copies
2 copies

Calculations
Field Notes, Reports, Studies,

Permits copy each

MAILING ADDRESSES: DIRECT DISTRIBUTION TO EACH ADDRESSEE BY PM IS REQUIRED





LANTNAVFACENGCOM

Commander
Atlantic Division
Naval Facilities Enqineerina Command
Norfolk, Virainia 23511-6287

Attn: Code 99A2131, Ms. S. M. Gale, P. E.

ACTIVITY (MCB CAMP LEJEUNE)

Commanding General
Marine Corps Base
Camp Lejeune, North Carolina 28542-5001

Attn: Mr. Larry Brant, Public Works Office

ROICC

Resident Officer in Charge of Construction
Jacksonville, North Carolina Area
Marine Corps Base
Camp Lejeune, North Carolina 28542-5001

STATE OF NORTH CAROLINA, AIR POLLUTION CONTROL BOARD

Division of Environmental Management
Air Quality Section
Post Office Box 27687
Raleigh, NC 27611





I. COMPONENT QO 2. DATE

NAVY FY 19 MILITARY CONSTRUCTION PROJECT DATA 3 NOV | 986
3. INSTALLATION AND LOCATION 4. PROJECT TITLE

MARINE CORPS BASE FLY ASH CONTROL SYSTEM
CAMP LEJEUNE, N.C. BU]LDIN6 1700

S. PROGRAM ELEMENT 6. CATEGORY CODE 7. PROJECT NUM6EIIt

Escal atlon

821-09
9 ESTIMATES

ESCa a.lon o
TM 1 April 1989

Fly Ash Stlo System
Fly Ash S|lo System

SUBTOTAL
CONTINGENCY (
TOTAL CONTRACT COST
SUPERVISION, INSPECTION AND OVERHEAD
TOTAL BUDGET COST
TOTAL REQUEST ROUNDED
EQUIPMENT PROVIDED FROM OTHER APPROPRIATIONS

10. DESCRIPTION OF PROPOSED CONSTRUCTION

P-829 570

U,/M QUANTITY

LS
LS

Non-Add)

UNIT
COST

(S13)

26

570
0

Provide a fly ash handling and storage system for electrostatic precipitation
(ESP) fly ash at the Central Heating Plant, Building 1700. Construction/
modifications to include ash transfer equipment for ESP’s separate fly ash
silo and ash unloading facilities to enhance future recycling options and
air pollution controls during handling; runoff controls; and auxiliary
equipment.

11. REQUIREMENTS:
PROJECT: Provide fly ash control system for the Central Heating Plant,

Building 11700.
RE(UIREMENT: To correct excessive fly ash dust problem, as recommended

by LANTDIV’s Investigation of Ash Collection and Disposal
System at the Central Heating Plant, Building 1700, MCB,
Camp Lejeune, NC dated December 1982.

CURRENT SITUATION: Fly ash dust has become a serious maintenance
problem to controls and equipment in the Central Heating
Plant, as well as an environmental hazard.

IMPACT IF NOT PROVIDED: Continued frequent maintenance of controls
and equipment, and prolonged environmental risk to health
and safety of operational personnel.

FORMDDI DEC 7611
Ot.LFO1-10

PREVIOUS EDITIONS MAY BE USED INTERNALLY
UNTIL EXHAUSTED PAGE NO.





Marine Corpi; FY 19 8__gMILITARY CONSTRUCTION PROJECT DATA 3 NOV 1986

MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA 28512

,. PRO,CT ,I,LE

Fly Ash Control System Building 1700 P-829

SPECIAL CONSIDERATIONS

Pollution Prevention Abatement and Control: This project will not
cause additional air or water pollution.

Flood Hazard Evaluation: Requirements of Executive Order No. 11296
(Flood Hazards) are not applicable.

Environmental Impact: A Preliminary Environmental Assessment (PEA)
will be written and forwarded under separate correspondence. This
proposed project will actually enhance the environment, as it will
curtail air pollution.

Fallout Shelter Construction: Not applicable.

Oesi.cln for Accessibility of Physically Handicapped Personnel:
Provisions for physically handicapped personnel are not required in
this facility.

Preservation of Historical Sites and Structures: The project facilities
do not directly or indirectly affect a district, site, building, structure
object, or setting which is listed in the National Register or otherwise
possesses a significant quality of American history.

DD, D,c 1391C PREVIOUS EDITIONS MAY BE USED INTERNALLY
UNTIL EXNAUSTErJ PAGE NO.





BUILDING BUOGET ESTIIVATE SUt,Q4ARY SHEET FOR P-

Locatt on: L,e |,, Escalation: c
Prepared by: / /j Oate:--’4V’ YG Contingency: s’P.

BUILT-IN
EOUIPHEN"

3ubtotal Bui 10in

I

1 3 Oool

Suport Fact 1i t1 es

Subtotal Supporti Facil ties

*Asterisk Indicates these

Total Contract Cost w/o Contingency: $ $’ oo e
Contt ncjency " $ ,G oo o,

Tol Contrast S
SIOH
Totalet Cost $ OoO
Rounded $ 00o

tals on 1391s.





COLLATERAL EQUIPMENT REQUIREMENTS (le;tiel Ovfllttini) "o.’-.TDIV NORVA 4-11010/6 (Rev.ll/Sl) . -- --.<.,.,........,,. !!

OG. SYMBOL AND
F.ED. STOCK NO. OR
OTHER SOURCE

ITEM/EQUIPMENT DESCRIPTION QUAN. UNIT
TITY OF UNIT TOTAL

I_1_jll PRICE COST

Pete el





1. COMPONENT 2. DATE

Marine Corp:; FY 19 89MILITARY CONSTRUCTION PROJECT DATA 15 Sept 1986

3. INSTALLATION AND L.OCATION

MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA 28592

&. ’ROJECT TITLE

Fly Ash Control System Building 1700 P-829

SPECIAL CONSIDERATIONS

Pollution Prevention, Abatement, and Control: This project will not
cause additional air or water pollution.

Flood Hazard Evaluation: Requirements of Executive Order No. 11296
(Flood Hazards) are not applicable.

Environmental Impact: A Preliminary Environmental Assessment (PEA)
will be written and forwarded under separate correspondence. This
proposed project will actually enhance the environment, as it will
curtail air pollution.

Fallout Shelter Construction: Not applicable.

Desi.cjn for Accessibility of Physically Handicapped Personnel:
Provisions for physically handicapped personnel are not required in
this facility.

Preservation of Historical Sites and Structures: The project facilities
do not directly or indirectly affect a district, site, building, structure
object, or setting which is listed in the National Register or otherwise
possesses a significant quality of American history.

FORMDD, oE=,, 1391C PREVIOUS EDITtONSMAY BE USED INTERNALLY
UNTIL EXHAUSTr PAGE NO.





1. OMPONINT . IIT!

Vlarine Corps FY 19_I.MILITARY CONSTRUCTION PROJECT DATA 15 Sept 1986

3. INSTALLATION AND LOCATION

VIARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA 2852

PROJECT T,TLE

Fly Ash Control System, Building 1700

5. PROJECT NUMBER

P-829

:I. Project:

FACILITY STUDY

This project provides a means of controlling the extisting
execessive dust problem at the Central Heating Plant in
Hadnot Point.

.C.,urrent and Planned Future Workload with re.clard to this Project:
Over one billion pounds of steam is produced annually at
the Central Heating Plant, creating residue of bottom ash
and fly ash.

3. Description of Proposed Construction:

a. Type of Construction: Permanent.

b. Replacement: Not applicable.

c. Description of Work to Be Done:

(1) Primary Facility: This project will consist of
construction/modifications of ash transfer equipment for
electrostatic precipitators; separate fly ash silo with tie-
in to existing silo for backup capability when one silo
breaks down; ash Ioadin9 facilities; air pollution
controls; and auxiliary equipment.

(2) Enerqy Conservation: Although the proposed project
will not directly contribute to savings in energy, it
will indirectly contribute to conservin9 oil yearly by
alleviatin9 ash residue build-up which causes equipment
breakdown, at which times more expensive oil must
be burned instead of coal. Further, a separate silo to
handle precipitator ash would create a possibility of
selling fly ash to a private concrete company. This
would eliminate costs associated with hauling and land-
filing of the fly ash.

(3) Collateral Equipment: Not applicable.

4. Cost Estimate: Tne Area Construction Index for Camp Lejeune is ,95,
with a contingency factor of 10 percent. This data is
applicalle to FY-83. Cost data derived from LANTDIV’s
Investlg.tion of Ash Collection and Disoosal System at the
Centra4 Heating Plant dated December 1982, and escalated to
FY-89.

FORMDD, D.,s 1391C PREVIOUS EDITIONS MAY SE USED INTERNALLY
UNTIL EXHAUSTEO PAGE NO.





|. COIIIONENT . OATi

Marine Corp,. FY 19 89MILITARY CONSTRUCTION PROJECT DATA 5 Sept 1986

3. INSTALLATION ANO I.O(:ATION

MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA 28542

4. PROJECT TITLE

Fly Ash Control System, Building 1700
5. PROJECT NUMBER

P-829

5. Justification for Project and Scope of Project:

a. Justification for Project.

(1) Project: The proposed project will provide a separate fly
ash silo and unloader.

(3)

(4]

Requirement: A separate silo and unloader to handle
precipitator fly ash is required to control the exiting
excessive fly ash problem.

Current Situation: Both bottom ash and fly ash are now
stored in the same silo, mixing the lighter fly ash with
the heavier bottom ash. Upon unloading, excessive dust
escapes into the atmosphere. Fly ash dust has become
a seriour maintenance probtem to controls and equipment
in the Central Heating Plant, as well as an environmental
hazard to the health and safety of operational personnel.

Impact if Not Provided: Continued frequent maintenance
of controls and equipment, and prolonged environmental
risk to health and safety of operational personnel.

Justification for Scope of Project: The scope of this proposed
project is that recommended by the investigative report cited
in paragraph above. The report’s recommendation will
satisfy North Carolina Air Pollution Control Guidelines,
15 NCAC 2D.

6. Equipment Provided from Other Appropriations: None.

.7. Common Support Facilities: Ther are no common support facilities
available that can satisfy.

8. Effect on Other Resources: This project will not require additional
funding for utilities services and operations, nor will additional
operating personnel be required.

9. Sitin.c of the Project: See Site Location Map, enclosure (I).

10. Other Graphic Presentations, including Photographs: None.

FORM
D,c ,. 1391c PREVIOUS EDITIONS MAY BE USED INTERNALLY

PAGE NO.UNTIL EXHAUSTED





Marine Corp: FY 1989 MILITARY CONSTRUCTION PROJECT DATA
DATE

5 Sept 198(

3. INSTALI.ATION AND LOCATION

MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA 28592

4. PROJECT TITLE

Fly Ash Control System, Building 1700 P-829

11. Economic Analysis: The proposed project produces no direct economic
benefits, but rather it insures compliance with environmental
regulations.

12. Environmental Impact: A Preliminary Environmental Assessment (PEA)
will be written and forwarded under separate correspondence.
This proposed project will actually enhance the environment,
as it will curtail air pollution.

13. quantitative Data: Not applicable. This project is to correct
potential environmental hazards to the local ecology and
ecosystems, as well as operational personnel.

DD, FoRM
o=c ,, 1391C PREVIOUS EDITIONS MAY BE USED INTERNALLY

UNTIl.. EXHA,USTEr PAGE NO.
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INEST!GATION OF

ASH COLLECTION AND DISPOSAL SYSTEM,

HIGH DUST LOADING IN BREECHING,

AND BY?ASS STACK CAPS

AT THE

CENTI%AL HEATING PLANT, BUILDING 1700

MARINE CORPS BASE, CAMP LEEUNE, NORTH CAROLINA

DECEMBER 1982

DESIGN DIVISION
ATLAFfIC DIVISION

NAVAL FACILITIES ENGINEERING COiMAND
NORFOLK, VIRGNIA 23511

PREPARED BY:

R. W. TISDALE, JR.
MECHANICAL ENGINEER





. Investigation of Ash Collection and Disposal System

A. Description of System

The ash collection and disposal system at the central heating
plant was installed as a part of the original plant construction in
the early 1940’s. The system is of the dry pneumatic vacuum
conveying type with a vertical storage silo and was manufactured by
United Conveyor Corporation. A two stage steam ejector produces
vacuum on the conveying system. Ash from he silo is loaded into
open bed dump trucks by means of a rotary feeder and horizontal
screw conveyor with water conditioning.

B. Maor Modifications to Original System

Within the past five years, several modifications have been
made to the original ash system. A new two stage steam ejector and
a new rotary feeder and unloader hav een installed to replace the
original components. Additional ash collecton piping has also
been installed for transportng fly ash collected from two new
electrostatic precipitators. No other major modifications are
known to have been made to the origicl ash system.

C. System Operation

The original function of the ash system was to remove and
temporarily store ash generated from the operation of four I00,000
pound per hour pulverized coal fired steam boilers. Ash was
collected from the boiler, air preheater, _=hanical collectors and
stack hoppers, transported through the vacuum conveying system and
stored in the silo (see figure I). Stored ash was then unloaded
into open dump trucks for hauling to the base landfill for
disposal. Based on conversations with plant personnel, no undue
problems were experienced with the removal and disposal of ash
until the e!ec=rostatic precipitators were added. The methods of
collecting, snoring, removing and disposing of the ash have
remained basically unchanged, however problems have been
encountered since flyash collected by =he precipitators have been
added to the system.

D. Operational Problems Incurred

Since the flyash has been added to the system, the rate of ash
flow fr== :he silo through the rc=ary feeder and uloader has
become very inc=nsis=en=. As a resul: of ontiuous variations in
ash flow, proper water conditioning cannot be maintained.
Operating personnel have been manually readjusting water flow in an
attempt to provide proper mixing with limited success. During
severe changes in ash flow, either a ’ater rich" or "water lean"
mixture passes through the unloader outlet. As ash flow reduces
suddenly due to large clinkers being unloaded, excessive water
totally saturates the ash previously unloaded. In addition, the
excess water drains from the truck creating additional water
poIlution problems a= the silo as well as a nuisance during





Fo

transport. hen ash flow suddenly surges due to fine precipitator
ash being unloaded, unconditioned ash is discharged rich the
unwetted particles becoming airborne. These dust clouds have been
severe at times, creating a nuisance to surrounding facilities.
Ths dust eventually settles and creates additional water pollution
problems in the area storm drainage system. Unconditioned ash thac
does fall into the truck also has a tendency to become airborne
during transport and dumping, creating additional nuisances.

Probable Cause

The primary cause of the problems experienced in unloading and
disposing of the ash stems from the variations-in particle size of
the ash being unloaded. The variations in flow are caused by the
smaller particles being more densely packed when passing through
the rotary feeder. In addition, the surface area of the smaller
particles per unit volume is greater and requires more water for
wetting. One other possible .olem is that the charged particles
collected by the precipitator may have a greater surface tenslou
reducing.the wetting capability.

Possible Solutions

Several possible solutions to reduce or eliminate the problems
being experienced were investigated. These possible solutions and
their probable effects on the system are as follows:

I. Install aeration blocks and diver=er core in-the ash
storage silo to provide bette mixing of different size
particles.

This solution may lessen the extreme variations in flow
buC will not resolve the problem of wetting the fine
particles. The ash is segregated in the silo due to the
ash being pulled from only one hopper at a time with
resulting layers of ash of a particular size inthe
silo. Mixing at the outlet probably would have" only
minimum effects on nhe problems.

2. Install an air operated valve on the water conditioning
line in lieu of a manual valve.

An air operated valve may increase response time but
will not resolve the variations in flow and =he we==ing
problem.

3. Utilize a surfactant Co provide better wetting of the
finer particles.

Wetting agents have met with limited success and do not

otally resolve the problem of variations in flow.
Wetting agents may help improve the wetting of the fine
ash but variations in ash flow will probably minimize the
improvement.





4. Install rotary unloader designed to handle fine
particles.

A rotary unloader such as the Model D-40 manufactured
by Allen, Sherman, Hoff (see figure 2) would probably
provide better mlxinE and wettinE of fine particles but
=he variations in flow :my continue to cause some minor
problems. Initial cost of the unloader would be
approximately &0,000.00.

5. Install a soparate ash system for the precipitators.

A separate silo and unloader to handle fine ash from
the precipitators separately should resolve the major
problems currently being experienced. (See figures 3
and 4) By separating the fine ash from the larger
particles, each system would be handling ash of similar
size aud cons,tency. Variations in flow due to particle
size should be minimized. The rotary feeder and unloader
could be selected to handle fine material and could be
set up to properly condition fine material only. The
major draw- to this solution is inltlal cost. A
separate system would cost approxlmaely 50,000.00.

6. Install a dust collector system to control dust emissions
in the unloader outlet.

A dust suppression and collection system could be
installed on the ,,loader outlet to contain any dus
emissions. This system would probably effectively
contain fugitive dust but would not affect overwecting
due to variations in flow. In addition, fine particles
would only be recirculated and may only build up wthin
the silo.

Additional Considerations

Interest has been expressed by the activity to sell the

.precipitator ash to local private businesses. If the ash can be
easily sold, plant personnel would be required to dispose of
approximately two thirds of the ash presently handled. However,
the precipitator ash would have to be handled separately and a

separate silo required.

Recommendations

The only solution investigated that will probably solve all of
the current problems would be to install a separate ash system,
silo and unloader for the precipitators. The separate system would
also allow sale of the flyash if desired. The major drawback to

this solution is =he initial cost of 50,000.00.





Investigation of High Dust Loading in Breeching

A. Description of STstem
Each of the two new precipitators is connected to two existing

coal fired boilers. The arrangement of the new breeching is shown
in figure 5. The co-----non breeching was designed for a velocity of
30 feet per second assuming two boilers operating at full load.
The transition into the precipitator was designed to provide a
maximum velocity of 5 feet per second assuring two boilers at full
load. Turning vanes and ladder vanes in the transitions and a
perforated plate at the precipitator inlet were installed to

provide equal air distribution into the precipitator.

B. Operational Problems Incurred

During uormaI operation, flue gas to the precipitator varies
from one fourtL o maximum design velocity. When the velocity
reduces ash falls out in the duct and on the ladder vanes. Some
vanes near the top and bottom fill to where the opening becomes
almost totally blocked. In addition, ash falls out and accumulates
at the base o the inlt transition to the precipitator along the
walkways. These ash buildups cause unequal velocity distribution
through the precipitator as well as emissions when the velocity
suddenly increases. The accumulated ash on the walkway also causes
problems when entr/ into the precipitator is required for
maintenance.

C. Recommendations

A team from the Navy Energy and Environmental Support Activity
was requested to investigate the ash build up problems and to
determine the velocity distribution through the precipitator. Site
investigations were made in August 1980 and September 1981.
Recommendations contained in the final report of February 1982
include removal of an 8 inch section at the bottom of the inlet
perforated plate and the addition of a sonic sootblower 6o keep =he
inlet vanes free. Removal of the 8 inch section of the plate and
installation of the sonic sootblowers are recommended and should
alleviate the ash buildup problem at the precipitator inlet. Ash

buildup in the inlet duct is not considered a major problem and
should have no serious adverse effects on She system operation.





III. Investigation of Stack Caps

A. Description of System

The original boiler arrange=eric had flue gas breeching from
each boiler passing vertically through the roof and connecting to
to individual roof mounted stacks through a 90 transition. Each
stack had a hopper at its base that was connected to the flyash
collection system piping. No in:erconnec=ions occurred between
boilers.

B. Modifications to Systems

When electrostatic precipitators were added to the boilers,
the flue gas breeching from two boilers were connected and a single
duct routed to a common precipitator and ground mounted stack. The
original breeching and roof mounted stacks were retained for use as
a bypass. Two single blade guillonne dampers were installed on
each boiler, one a the connecting to the old stack and one in the
new breeching prior to connecting with the second boiler. This
arrangement allowed isolation from the o14 stack or the new
precntator as required.

C. Operational Problems

Leakage has occurred past the bypass stack guillotine damper
ever since the initial operation. The leakage could be caused by
or significantly increased from ash accumulating in the damper
seating track. Leakage of flue gas results in flyash accumulating
in the bypas stack hopper and emissions occurring from the bypass
stack. Whenever rain occurs, the ash in the hopper is wetted and
hardens. Plant personnel are then required to manually remove the
material to free the hopper outlet.

D. Possible Solutions

The possible solutions investigated are as follows:

i. External stack caps:

The use of external stack caps which are generally
limited to small boilers are not considered an
acceptable solution. In order to be effective, the
cap must be larger in dia=eter than the stack by one
half and must be located above =he stack at =he
height of one half the stack diameter when located
to effectively block out the rain, the stack cap
will create a downdraft around the plant. The
resulting fumigation problem will not be
acceptable. If the rain cap is designed to minimize
the fumigation problem, the effectiveness of
preventing rain from entering the stack will be
greatly reduced.





2. Internal stack damper:

Use of a damper similar to a butterfly damper (see
figures 6 & 7) investigated. Due to wind loading,
the damper must be located inside the existing stack
or wthin an extension to the stack. This
arrangement would require a platform mounted on the
existing stack or an extended operator drive from
the base of the stack. The additionof a platform
to =he existing stack was not recommended
structurally and extended drive mechanisms would
probably not be reliable. From a maintenance
standpoint, this solution would be no better than
the current situation.

3. Double bladed guillotine damper:

Installation of a double bladed guillotine damper
with compressed air pressurizing the space between
the blades, should prevent leakage into the bypass
stack. This alternative should prevent flyash from
entering the stack hopper and therefore eliminate
the problem. The initial cost for installing these
dampers is estimated to be 150,000.00.

4. Ins=all baffles and drainage trough in stack:

Installation of baffles and collection trough in
the stack were investigated and determined to be
ineffective. This solution would add additional
draft los and would plug up with flyash.

Install compressed air on existing dampers:.

Installation of a compressed air manifold along
the seating track of the damper may keep the dust
from allowing the damper to seal properly.
Compressed air could be used =o blow the track clear
prior to closing the damper.

Recommendations

ReCommend compressed air be installed on =he existing damper
tracks to reduce the amount of leakage to an acceptable level. If
leakage is still excessive, rec--end dcub!e i!!otine de=pets be
istalled.

Installation of a double guillotine damper will eliminate the
flyash from entering the hopper and prevent any plugging due to

rain. No additional adverse effects should be produced such as
would be experienced with any of the alternatives investigated to

prevent rain from entering the stacks.
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1. COMPONENT

19
89 =. OATE

NAVY FY MILITARY CONSTRUCTION PROJECT DATA 3 NOV 1986
3. INSTALLATION AND LOCATION 4. PROJECT TITLE

MARINE CORPS BASE FLY ASH CONTROL SYSTEM
CAMP LEJEUNE, N.C. BUILDING 1700

S. PROGRAM ELEMENT 6. CATEGORY CODE 7. PROJECT NUMBER 8. PROJECT COST ($000)

Escalation

821-09
9. COST ESTIMATES

Escaiation to
ITEM ] Aprl] 1989

Fly Ash Silo System
Fly Ash Silo System

SUBTOTAL
CONTINGENCY (5%)
TOTAL CONTRACT COST
SUPERVISION, INSPECTION AND OVERHEAD (5.5%)
TOTAL BUDGET COST
TOTAL REQUEST ROUNDED
EQUIPMENT PROVIDED FROM OTHER APPROPRIATIONS

10. DESCRIPTION OF PROPOSED CONSTRUCTION

P-829 570

UIM OUANTITY

LS
LS

Non- Add)

UNIT
COST

COST
($000)

513
(513)

30

570
0

Provide a fly ash handling and storage system for electrostatic precipitation
(ESP) fly ash at the Central Heating Plant, Buildin9 1700. Construction/
modifications to include ash transfer equipment for ESP’s’ separate fly ash
silo and ash unloading facilities to enhance future recycling options and
air pollution controls durin9 handling; runoff controls; and auxiliary
equipment.

11. REQUIREMENTS:
PROJECT: Provide fly ash control system for the Central Heating Plant,

Building 11700.
REQUIREMENT: To correct excessive fly ash dust problem, as recommended

by LANTDIV’s Investigation of Ash Collection and Disposal
System at the Central Heating Plant, Building 1700, MCB,
Camp Lejeune, NC dated December 1982.

CURRENT SITUATION: Fly ash dust has become a serious maintenance
problem to controls and equipment in the Central Heating
Plant, as well as an environmental hazard.

IMPACT IF NOT PROVIDED: Continued frequent maintenance of controls
and equipment, and prolonged environmental risk to health
and safety of operational personnel.

FORMDD1 DEC 76|
PREVIOUS EDITIONS MAY BE USED INTERNALLY

UNTIL EXHAUSTED PAGE NO.
U-. Government Prltln|





I. COIPONENT 2. DATE

Marine Corp FY 19 8___.9MILITARY CONSTRUCTION PROJECT DATA 3 qOV 1986

3- INSTALLATION AND LOCATION

MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA 28542

4. PROJECT TITLE

Fly Ash Control System Building 1700

PROJECT NUMBER

P-829

SPECIAL CONSIDERATIONS

Pollution Prevention, Abatement, and Control: This project will not
cause additional air or water pollution.

Flood Hazard Evaluation: Requirements of Executive Order No. 11296
(Flood Hazards) are not applicable.

Environmental Impact: A Preliminary Environmental Assessment (PEA)
will be written and forwarded under separate correspondence. This
proposed project will actually enhance the environment, as it will
curtail air pollution.

Fallout Shelter Construction: Not applicable.

Desiqn for Accessibility of Physically Handicapped Personnel:
Provisions for physically handicapped personnel are not required in
this facility.

Preservation of Historical Sites and Structures: The project facilities
do not directly or indirectly affect a district, site, building, structure
object, or setting which is listed in the National Register or otherwise
possesses a significant quality of American history.

FORMDD, OE ,S
PREVIOUS EDITIONS MAY BE USED INTERNALLY PAGE NO.UNTIL EXHAUSTE rl,
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Prepared by:_

... BUILDING BUDGET ESTIMATE SUMMARY SHEET FOR P-

Costs Escalated to:

Escalation: c o
Conti ngency:

$/SF $/SYS SYS OUAN
BUILT-IN

TOTAL BUILDING EQUIPMENT

5ub’total Bui lai n 13 Oool

.upporti n! Faci li ti es

Subtotal Supporti nc Faci Ii ties

*Asterisk

Total Contract Cost w/o Contingency:
Contingency " %
Total ContracT-6st
SIOH _.__%
Totalet Cost
Rounded

indicates these totals on 1391s.
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1. COMPONENT 2. DATE

Marine Corp,, FY 19 89MILITARY CONSTRUCTION PROJECT DATA ’15 Sept 1986

3- INSTALLATION AND LOCATION

MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA 28542

4. PROJECT TITLE

Fly Ash Control System Building 1700
5, PROJECT NUMBER

P-829

SPECIAL CONSIDERATIONS

Pollution Prevention, Abatement, and Control: This project will not
cause additional air or water pollution.

Flood Hazard Evaluation: Requirements of Executive Order No. 11296
(Flood Hazards) are not applicable.

Environmental Impact: A Preliminary Environmental Assessment (PEA)
will be written and forwarded under separate correspondence. This
proposed project will actually enhance the environment, as it will
curtail air pollution.

Fallout Shelter Construction: Not applicable

Desi.cln for Accessibility of Physically Handicapped Personnel:
Provisions for physically handicapped personnel are not required in
this facility.

Preservation of Historical Sites and Structures: The project facilities
do not directly or indirectly affect a district, site, building, structure
object, or setting which is listed in the National Register or otherwise
possesses a significant quality of American history.

FORMDD, oEc,, 1391c PREVIOUS EDITIONS MAY BE USED INTERNALLY
UNTIL EXHAUSTEn PAGE NO.





COMPONENT 2. DATE

arine Corps FY 19_I.MILITARYCONSTRUCTION PROJECT DATA 15 Sept 1986

INSTALLATION AND LOCATION

k4ARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA 28542

PROJECT TITLE

FIy Ash Control System, Building 1700

5. PROJECT NUMBER

P-829

FACILITY STUDY

1. Project: This project provides a means of controlling the extisting
execessive dust problem at the Central Heating Plant in
Hadnot Point.

Current and Planned Future Workload with recjard to this Project:
Over one billion pounds of steam is produced annually at
the Central Heating Plant, creating residue of bottom ash
and fly ash.

3. Description of Proposed Construction:

a. Type of Construction: Permanent.

b. Replacement: Not applicable.

c. Description of Work to Be Done:

(1) Primary Facility: This project will consist of
construction/modifications of ash transfer equipment for
electrostatic precipitators; separate fly ash silo with tie-
in to existing silo for backup capability when one silo
breaks down; ash loading facilities; air pollution
controls; and auxiliary equipment.

(2) Enerqy Conservation: Although the proposed project
will not directly contribute to savings in energy, it
will indirectly contribute to conserving oil yearly by
alleviating ash residue build-up which causes equipment
breakdown, at which times more expensive oil must
be burned instead of coal. Further, a separate silo to
handle precipitator ash would create a possibility of
selling fly ash to a private concrete company. This
would eliminate costs associated with hauling and land-
filing of the fly ash.

(3) Collateral Equipment: Not applicable.

Cost Estimate: Tne Area Construction Index for Camp Lejeune is .95,
with a contipgency factor of 10 percent. This data is
applicable to FY-83. Cost data derived from LANTDIV’s
Invest,g.tion of Ash Collection and Disoosal System at the
Centra Heating Plant dated December 1982, and escalated to
FY-89.

DD FORM PREVIOUS EDITIONS MAY BE USED INTERNALLY
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1. COMPONENT 2. DATE

Marine Corp.( FY 19 89MILITARY CONSTRUCTION PROJECT DATA 5 Sept 1986

!3. INSTALLATION AND LOCATION

MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA 28542

4. PROJECT TITLE

Fly Ash Control System, Building 1700

5. Justification for Project and Scope of Project:

PROJECT NUMBER

P,829

a. Justification for Project.

(1) Project: The proposed project will provide a separate fly
ash silo and unloader.

(2)

(3)

Requirement: A separate silo and unloader to handle
precipitator fly ash is required to control the exiting
excessive fly ash problem.

Current Situation: Both bottom ash and fly ash are now
stored in the same silo, mixing the lighter fly ash with
the heavier bottom ash. Upon unloading, excessive dust
escapes into the atmosphere. Fly ash dust has become
a seriour maintenance probtem to controls and equipment
in the Central Heating Plant, as well as en environmental
hazard to the health and safety of operational personnel.

Impact if Not Provided: Continued frequent maintenance
of controls and equipment, and prolonged environmental
risk to health and safety of operational personnel.

Justification for Scope of Project: The scope of this proposed
project is that recommended by the investigative report cited
in paragraph 4 above. The report’s recommendation will
satisfy North Carolina Air Pollution Control Guidelines,
15 NCAC 2D.

6. Equipment Provided from Other Appropriations: None.

.7. Common Support Facilities: Ther are no common support facilities
available that can satisfy.

8. Effect on Other Resources: This project will not require additional
funding for utilities services and operations, nor will additional
operating personnel be required.

9. Sitin.q of the Project: See Site Location Map, enclosure (1).

10. Other Graphic Presentations, including Photographs: None.

FORMDD, DEC,, 1391C
$/N 0102-LF -001-391

PREVIOUS EDITIONS MAY BE USED INTERNALLY
UNTIL EXHAUSTED PAGE NO.
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I. COMPONENT

Marine Corp,,l FY1989 MILITARY CONSTRUCTION PROJECT DATA
2. DATE

15 Sept 1986

INSTALLATION AND LOCATION

MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA 28542

4, PROJECT TITLE

Fly Ash Control System, Building 1700

5. PROJECT NUMBER

P-829

11. Economic Analysis: The proposed project produces no direct economic
benefits, but rather it insures compliance with environmental
regulations.

12. Environmental Impact: A Preliminary Environmental Assessment (PEA)
will be written and forwarded under separate correspondence.
This proposed project will actually enhance the environment,
as it will curtail air pollution.

13. Quantitative Data: Not applicable. This project is to correct
potential environmental hazards to the local ecology and
ecosystems, as well as operational personnel.

FORMDD, oEc,E
PREVIOUS EDITIONS MAY BE USED INTERNALLY

UNTIL EXHAUST;n PAGE NO.
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I. Investigation of Ash Collection and Disposal System

Description of System

The ash collection and disposal system at the central heating
plant was installed as a part of the original plant construction in
the early 1940’s. The system is of the dry pneumatic vacuum
conveying type with a vertical storage silo and was manufactured by
United Conveyor Corporation. A two stage steam ejector produces
vacuum on the conveying system. Ash from the silo is loaded into
open bed dump trucks by means of a rgtary feeder and horizontal
screw conveyor with water conditioning.

B. Major Modifications to Original System

Within the past five years, several modifications have been
made to the original ash system. A new two stage steam ejector and
a new rotary feeder and unloader have een installed to replace the
original components. Additional ash collection piping has also
been installed for transporting fly ash collected from two new
electrostatic precipitators. No other major modifications are
known to have been made to the origlual ash system.

C. System Operation

The original function of the ash system was to remove and
temporarily store ash generated from the operation of four I00,000
pound per hour pulverized coal fired steam boilers. Ash was
collected from the boiler, air preheater, m_ahanical collectors and
stack hoppers, transported through the vacuum conveying system and
stored in the silo (see figure i). Stored ash was then unloaded
into open dump trucks for hauling to the base landfill for
disposal. Based on conversations with plant personnel, no undue
problems were experienced with the removal and disposal of ash
until the electrostatic precipitators were added. The methods of
collecting, storing, removing and disposing of the ash have
remained basically unchanged, however problems have been
encountered since flyash collected by the precipitators have been
added to =he system.

Do Operational Problems Incurred

Since the flyash has been added to the system, the rate of ash
flow from the silo through the rotary feeder and unloader has
become very inconsistent. As a result of continuous variations in
ash flow, proper water conditioning cannot be maintained.
Operating personnel have been manually readjusting water flow in an

attempt to provide proper mixing with limited success. During
severe changes in ash flow, either a ’ater rich" or "water lean"
mixture passes through the unloader outlet. As ash flow reduces
suddenly due to large clinkers being unloaded, excessive water

totally saturates the ash previously unloaded. In addition, the

excess water drains from the truck creating additional water
poilu=ion problems at the silo as well as a nuisance during





transport. 3en ash flow suddenly surges due to fine precipitator
ash being unloaded, unconditioned ash is discharged with the
unwetted particles becoming airborne. These dust clouds have been
severe a= times, creating a nuisance to surrounding facilities.
This dust eventually settles and creates additional water pollution
problems in the area storm drainage system. Unconditioned ash that
does fall into the truck also has a tendency to become airborne
during transport and dumping, creating additional nuisances.

Probable Cause

The primary cause of the problems experienced in unloading and
disposing of the ash stems from the variations in particle size of
the ash being unloaded. The variations in flow are caused by =he
smaller particles being more densely packed when passing through
the rotary feeder. In addition, the surface area of the smaller
particles per unit volume is greater and requires more water for
wetting. One other possible lem is that the charged particles
collected by the precipitator may have a greater surface tensiom
reducing.the wetting capability.

Possible Solutions

/ Several possible solutions to reduce or eliminate the problems
being experienced were investigated. These possible solutions and
their probable effects on the system are as follows:

I. Install aeration blocks and diverter core in-the ash
storage silo to provide bette mixing of different size
particles.

This solution may lessen the extreme variations in flow
but will not resolve the problem of wetting the fine
particles. The ash is segregated in the silo due to the
ash being pulled from only one hopper at a time with
resulting layers of ash of a particular size inthe
silo. Mixing at the outlet probably would have’only
minimum effects on the problems.

2. Install an air operated valve on the water conditioning
line in lieu of a manual valve.

An air operated valve may increase response time but
will not resolve the variations in flow and the wetting
problem.

3. Utilize a surfactant to provide better wetting of the
finer particles.

Wetting agents have met with limited success and do not

totally resolve the problem of variations in flow.
Wetting agents may help improve the wetting of the fine
ash but variations in ash flow will probably minimize the
improvement.





Go

4. Install a rotary unloader designed to handle fine
particles.

A rotary unloader such as theModel D-40 manufactured
by Allen, Shean, Hoff (see figure 2) would probably
provide better mixing and wetting of fine particles but
=he variations in flow my continue to cause some minor
problems. Initial cost of the unloader would be
approximately A0,000.00.

5. Install a soparate ash system for the precipitators.

A separate silo and unloader to handle fine ash from
=he precipitators separately should resolve the major
problems currently being experienced. (See figures 3
and 4) By separating the fine ash from the larger
particles, each system would be handling ash of similar
size and consistency. Variations in flow due to particle
size should be minimized. The rotary feeder and unloader
could be selected to handle fine mterlal and could be
set up to properly condition fine mnerial only. The
major dra-k to this solution is initial cost. A
separate system would cost approximately 50,000.00.

6. Install a dust collector system to control dust emissions
in the unloader outlet.

A dust suppression and collection system could be
installed on the ,’loader outlet to contain any dust

emissions. This system would probably effectively
contain fugitive dust but would not affect overwetting
due to variations in flow. In addition, fine particles
would only be recirculated and may only build up within
the silo.

Additional Considerations

lterest has been expressed by the activity to sell the

.precipitator ash to local private businesses. If the ash can be

easily sold, plant personnel would be required to dispose of

approximately two thirds of the ash presently handled. However,
the precipitator ash would have to be handled separately and a

separate silo required.

Recommendations

The only solution investigated that will probably solve all of

the current problems would be to install a separate ash system,
silo and unloader for the precipitators. The separate system would

also allow sale of the flyash if desired. The major drawback to

this solution is the initial cost of -0,000.00.





II. Investigation of High Dust Loading in Breeching

A. Des=rip=ion of System

Each of the two new precipitators is connected to two existing
coal fired boilers. The arrangement of the new breeching is shown
in figure 5. The common breeching was designed for a velocity of
30 feet per second assuming two boilers operating at full load.
The transition into the precipitator was designed to provide a
maximum velocity of 5 feet per second assuming two boilers at full
load. Turning vanes and ladder vanes in the transitions and a

perforated plate at the precipitator inlet were ins=ailed to

provide equal air distribution into the precipitator.

B. Operational Problems Incurred

During normal operation, flue gas to the precipitator varies
from one four= Lo maximum design velocity. When the velocity
reduces msh falls out i= the duct and on the ladder vanes. Some
vanes near the top and bottom fill to where the opening becomes
almost totally blocked. In addition, ash falls out and accumulates
at the base of the inlt transition to the precipitator along the
walkways. These ash buildups cause unequal velocity distribution
through the precipitator as well as emissions when the velocity
suddenly increases. The accumulated ash on the walkway also causes
problems when entry into the precipitator is required for
maintenance.

C. Reco=unendations

A team from the Navy Energy and Environmental Support Activity
was requested to investigate the ash build up problems and to

determine the velocity distribution through the precipitator. Site
investigations were made in August 1980 and September 1981.
Recommendations contained in the final report of February. 1982
include removal of an 8 inch section at the bottom of the inlet
perforated plate and the addition of a sonic sootblower 6o keep the
inlet vanes free. Removal of the 8 inch section of the plate and
installation of the sonic sootblowers are recommended and should
alleviate the ash buildup problem at the precipitator inlet. Ash

buildup in the inlet duct is not considered a major problem and
should have no serious adverse effects on the system operation.





Ill. Investigation of Stack Caps

A. Description of System

The original boiler arrange=ent had flue gas breeching from
each boiler passing vertically through the roof and connecting to
to individual roof mounted stacks through a 90 transition. Each
stack had a hopper at its Base that was connected to the flyash
collection system piping. No in=erconnections occurred between
boilers.

Modifications to Systems

When electrostatic precipitators were added to the boilers,
the flue gas breeching from two boilers were connected and a single
duct routed =o a common precipitator and ground mounted stack. The
original breeching and roof mounted stacks were retained for use as
a bypass. Two single blade guillotine dampers were installed on
each boiler, one at the connecting to the old snack and one in the
new breeching prior to connecting with the second boiler. This
arrangement allowed isolation from the old stack or the new
precipitator as required.

C. Operational Problems

Leakage has occurred past the Bypass stack guillotine damper
ever since the initial operation. The leakage could be caused by
or significantly increased from ash accumulating in the damper
seating trark. Leakage of flue gas results in flyash accumulating
in the bypas stack hopper and emissions occurring from the bypass
stack. Whenever rain occurs, =he ash in =he hopper is wetted and
hardens. Plant personnel are them required to manually remove the
material to free the hopper outlet.

D. Possible Solutions

The possible solutions investigated are as follows:

i. External stack caps:

The use of external stack caps which are generally
limited to small boilers are not considered an
acceptable solution. In order to be effective, the
cap must be larger in diameter than the stack by one
half and must Be located above the stack at the
height of one half the stack diameter when located
to effectively block out the rain, the stack cap
will create a downdraft around the plant. The
resulting fumigation problem will not be
acceptable. If the rain cap is designed to minimize
the fumigation problem, the effectiveness of
preventing rain from entering the stack will be
greatly reduced.





Internal stack damper:

Use of a damper similar to a butterfly damper (see
figures 6 & 7) investigated. Due to wind loading,
the damper must be located inside the existing stack
or within an extension to the stack. This
arrangement would require a platform mounted on the
existing stack or an extended opera=or drive from
the ’base of the stack. The addition lof a platform
to the existing stack was not recommended
structurally and extended drive mechanisms would
probably not be reliable. From a maintenance
standpoint, this solution would be no better than
the current situation.

3. Double bladed guillotine damper:

Installation of a double bladed guillotine damper
with compressed air pressurizing the space between
the blades, should prevent leakage into the bypass
stack. This alternative should prevent flyash from
entering the stack hopper and therefore eliminate
the problem. The initial cost for installing these
dampers is estimated to be IO,000.00.

4. Ins=all baffles and drainage trough in stack:

Installation of baffles and collection trough in
the stack were investigated and de=ermined to be
ineffective. This solution would add additional
draft los and would plug up with flyash.

Install compressed air on existing dampers:.

Installation of a compressed air manifold along
the seating track of the damper may keep the dust
from allowing the damper to seal properly.
Compressed air could be used to blow the track clear
prior to closing the damper.

E. Recommendations

ReCommend compressed air be installed on the existing damper
tracks to reduce the amount of leakage to an acceptable level. If
leakage is still excessive, recommend double guillotine dampers be
installed.

Installation of a double guillotine damper will eliminate the

flyash from entering the hopper and prevent any plugging due to

rain. No additional adverse effects should be produced such as

would be experienced with any of the alternatives investigated to

prevent rain from entering the stacks.
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UNITED STATES MARINE CORPS
Marine Corps Base

Camp Lejeune, North Carolina 28542-5001 IN REPLY REFER TO:

llOlO
0

Fro:
To:

Subj:

Commanding General, Marine Corps Base, Camp Lejeune
Commander, Atlantic "Division, Naval Facilities Engineering Command
(Code 114), Norfolk, VA 23511-6287

POLLUTION ABATEMENT (PA) MCONS

Ref: (a) COMLANTNAVFACENGCOM itr 6280 II42DPG dtd 23 Jul 85
(b) CG, MCB, CLNC itr PWO 11000 dtd 16 Aug 85

i. In response to reference (a), the following projects were submitted by
reference (b) for the FY-89 Program:

P-822:
P-829:
P-845:

Salvage Fuel Boiler
Fly Ash System
Oil Spill Control

2. Request that P-782, "Culverts" be cancelled.

3. For further information, contact Mr. E. G. Jones, Jr. at AV 484-1833.

R.A. TIEBOUT
By direction

"nd Copy to:

EnvirEngr
Maint





PWO
ii000

From: Commanding General, Marine Corps Base, Camp L.jeune

To: Commandant of the Marine Corps (Code LFF)

Via: (i) Commander, Atlantic Division, Naval Facilities Engineering Command,

Norfolk, VA 23511 (Code 09A21B3)

() cmmader,---N-aval Faili Engineering Command, 200 8tovall St.,

Alexandria, VA 22332

Subj POLLUTION ABATEMENT PROGRAM, ENERGY CONSERVATION INVESTMENT (ECIP)

PROGRAM, AND NAVY OCCUPATIONAL SAFETY AND HEALTH (NAVOSH) DEFICIENCY

ABATEMENT pROGRAM; SUBMISSION OF FY-89 PROJECTS

(a) CMC itr II000/LFF-I dtd 5 Apr 1985

(b) MCO PII000.12B
(c) NAVFACINST II010.32F

Encl: (i) Pollution Abatement Project Package for P-822, Refuse Burning

Supplemental Steam Plant; Consisting of DD Form 1391/1391C and

Site Location Map, all dtd 15 Aug 85

(2) Pollution Abatement Project Package for P-829, Fly Ash Control

System (Bldg. 1700); Consisting of DD Form 1391/1391C and Site

Location Map, all dtd 15 Aug 85

(3) Pollution Abatement Project Package for P-845, Oil Spill Control

(Bldg. 1450); Consisting of DD Form 1391/1391C and Site Location

Map, all dtd 15 Aug 85

(4) Navy Occupational Safety and Health (NAVOSH) Deficiency Abatement

Project Package for P-864, Provide Exterior Stairways; Consisting

of DD Form 1391/1391C with NAVFAC Form 11013/7 and Site Location

Map, all dtd 15 Aug 85

i. References (a) through (c) provided detailed guidance for submission of

subject programs. Accordingly, enclosures (i) through (3) submits three

pollution abatement projects and enclosure (4) submits one NAVOSH project.

This Command has a negative response at this time for ECIP projects.

2. By copy of this letter, the Atlantic Division, Naval Facilities

Engineering Command is requested to certify the cost of all projects to the

Commander, Naval Facilities Engineering Command.

R. A. TIEBOUT
By direction

Copy to:

CMC (LFF) (Advance)
NAVFACENGCOM (Advance)





POLLUTION ABATEMENT PROGRAM, ENERGY CONSERVATION INVESTMENT (ECIP)

PROGRAM, AND NAVY OCCUPATIONAL SAFETY AND HEALTH (NAVOSH) DEFICIENCY

-ABATEMENT PROGRAM; SUBMISSION OF FY-89 PROJECTS

Blind Copy to:

FAC (2)
Maint
Fire Dept (encl (4) only).

AkC(Code 408

Writer: E.G. JONES

Typist: dkh, Ext 1833, 14 Aug 85
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BASE MAINTENANCE DIVISION
Marine Corps Base

Camp Lejeune, North Carolina 28542

MAIN/FEC/shk
6280

JUN 2 ? 1983

From: Base Maintenance Officer
To: Assistant Chief of Staff, Facilities

Subj: N. C. Air Pollution Regulations; compliance with

Ref: (a) AC/S FAC Itr FAC/REA/el 6280 of 10 June 1983
(b) Division of Environmental Management (DEM) meeting of 21 April

1983 at MCB, Camp Lejeune

Encl: (1) Grainger Laboratories Analysis of 10 June 1983

1. As requested by reference (a), the following information is provided:

a. As a follow-up to reference (b), Base Maintenance sent samples of
#2 and #6 fuel oils to Grainger Laboratories for analysis. The results are
provided in the enclosure. Mr. Don Finney (DSSC) is presently determining
what action is required to have the supplier provide a fuel analysis with
each shipment. Base Maintenance will periodically sample and analyze the
fuel oil if the supply contract for this year cannot be modified to include
providing a fuel analysis.

b. Mr. Greg McLawhorn (State of North Carolina) will be holding a
training session on visible emission reading at Wilmington on 3 August 1983.
He is forwarding information regarding the class. Base Maintenance will send
approximately ten operators to the training class. Additional operators will
be provided training in future classes.

c. Base Maintenance concurs with LANTDIV’s recommendation to install a
separate flyash collection and storage system for the following reasons:

(1.) A separate silo will correct the excessive dust problem that
presently exists at building 1700. Besides being an environmental problem,
the dust has become a serious maintenance problem to controls and equipment
in the plant.

(2.) An additional silo could be designed to provide back-up ash
handling capacity in the event one silo was down for repair. The existing
silo is a high maintenance item that is subject to continual repair. Without
ash handling capability (when the silo or unloader is inoperable) the plant
must be fired on #6 fuel oil which is approximately 2.5 times as expensive
to burn.

(3.) With the installation of a separate silo to handle precipitator
ash, the possibility of selling flyash to a private concrete company in the





MAIN/FEC/shk
6280

Subj: N. C. Air Pollution Regulations; compliance with

future is increased. This would eliminate costs associated with hauling
and landfilling of the flyash.

2. It is recommended that Public Works be requested to submit a project
to provide a separate ash system, silo and unloader for the precipitators.
Estimated cost is $350,000. Base Maintenance will assist in providing
project documentation as required. Point of contact is Mr. F. E. Cone
(extension 5161).

R. F. CALTA





HAIH/FEC/shk
628U
,JUN 2 ? 1983

From: Base Maintenance Officer
To: Assistant Chief of Staff, Fac!lltles

SubJ:

Ref:

N. C. Air Pollution Regulations; compliance with

(a) AC/S FAC Itr FAC/REA/el 6280 of I0 June 1983
(b) Division of Environmental Management (DEH) meeting of 21 April

1983 at MCB, Camp LeJeune

Encl: (I) Gralnger Laboratories Arlysls of I0 June 1983

1. As requested by reference (a), the following information is provided:

a. As a follow-up to reference (b), Base Maintenance sent samples of
#2 and #6 fuel otls to 6ralnger iLaboratortes for.analysts The results are
provtded in the enclosure. Hr. Don Ftnney (USSC) Is presently determining
what actlon Is required to have the supplle)" provlde a fuel aflalysis with
each shipment. Base Maintenance wtll periodically sample and analyze the
fuel ot] if the supply contract for this year cannot be modtfted to tnc]ude
providing a fuel analysis.

b. Mr. Greg HcLawhorn {State of North Carolina) will be holding a
training session on visible emission reaming at Wilmington on 3 August 1983.
He is forwarding information regarding the class. Base Maintenance will send
approximately ten operators to the training class. Additional operators will
be provided training in future classes.

c. Base Matntemnce concurs with LANTDIV’s recmendatton to install a
separateflyas collection and storage system for the following reasons:

(I.) A. separate 11o will correct the excessive dust prob1n that
presently exists at building 1700. Besides being an environmental problem,
the dust has become a serious maintenance problem to controls and equipment
in the plant.

(2.) An additional silo could be designed to provide back-up ash
handling capacity in the event one silo was down for repair. The existin
silo is a high maintenance 1tam that ts subject to continual repair. Wtthout
ash handling capabi]tty,(when the silo or unloader is inoperable) the plant
must be ftred on #6 fuel otl which Is approxtmtte]y 2.5 times as expensive
to burn.

(3.) With the Installatio of a separate, silo to handle precipitator
ash, the possibility of selling flyash to a prlvate concrete companyln the





Subj: i. C. Air Pollution Regulations; compliance with

future is increased. This woula eliminate costs associated with hauling
and landfilling of the flyash.

2. It is recanended that Public Works be requested to suLmit a project
to provide a separate ash system, silo and unloader for the precipitators.
Estimated cost is $350,000. Base Maintenance will assist in providing
project documentation as required. Point of contact is Mr. F. E. Cone
(extension 5161).

R. F. CALTA









nt Wr. Charles
7225 ULSh. Avenue
JJton, IC 2803

and Peratts

Dear

On 21 April 1983, Nesrs. Ronald Edwards and B11 Cochrane o ur sft th . po, of t AtClc Ds, FacItiss

PolluC Srce oCion st (SIS) d upets,

The Ce=s dLscused and agreements reached ars prent osure (1).
rther, p to sut the SIS you Jy 1983.e air pet appliti tta ep for th pas.
The tentatie schedule s as follovs:

l Courthouse Bay and llnot Point Sap. 1983
II artne Corps r 8ration and Cs Celer Oct. 1983

IlI ALl rssmJtn areas o. 1983

Thank you for you assistance in air pollution registrations and pereLttS

Sincerely,

J, T. MARSEALL
Colonel, U. S. Karne Corps

Lssistat hia of Sff,

Copy to: Blind copy to:
CMC (Code LFF-2) PW





(sO) 444-9S91

11500

1 7 MAY 1983

MEMORAND FOR FILE

Via: (I) Code 114
(2) Code II

Subj North Carolina Department of Natural Resources and Co,mnity
Develop:.nt, Division of Evironmental Management (D4) meeting of 21
April 1983 at MCB CAMP LEJEUNE

Encl: (I) Agenda of subject meeting

1. The following personnel wre in attendance at the subject meeting:

a. Marine Corp Base Camp Lejeune Facilities Conand
l. B. Alexander, Environmental Engineer
Mr. J. Wooten, Natural Eesources Director
Mr. D. Sharps, Ecologist

Base Maintenance Division
Mr. F. Cone, Utilities Direct,or
Mr. D. Southerland, Assistant Utilities Director

b. U. S. Hav LANTNAVFACENGCOM
Mr. M. Davenport, Environmental Engineer

c. orth Carolina DEM Wilmington Region
Mr. R. Edwards, Environmental Technician
Mr. R. Cochrane, Enviroumental Engineer

2. In repone to the item discuaed in enclosure (I):

a. Ar emissio registration and Kavy Ar Pollutiou Source Informatio
System (IPSIS).

(1) The North Cardlina DEM will accept the NAPSIS as the air emission
registration and will require an annual update evdry July first. In
compliance with North Carolina Administrative Code 15 Chapter 2 Subchapter
2D. 0200 Registration of Air Sources, LANTAVFACENGCOM will submit the NAPSIS
to MC CAMP LEJEUKE by 24 June 1983 for forwardiug to the North Carolina DEM
by July 1983.

(2) The North Carolina DEM requests the following air sources be
registered in the NAPSIS:

NOTE: The number of sources are identified in brackets.





(a) All boilers over 1 million BTU per hour heat

at MCB, 2 NMRC, I0 HCAS (H)).

(b) All incinerators (2 at HCB, I NMRC).

input (42 boilers

b. All fuel storage tanks reater than 1,000 gallons capacity with a vapor

pressure greater Uhn 1.5 pounds per square .inch absolute (i.e. P-4, AVCS

and gasoline) (36 tanks at MCB and 6 tan’ks at MCAS (B)).

c. All ue! storage tanks greater than 10,000 gallons capacity with vapor

pressure less than 1.5 pounds per squre inch absolute. (i.e. JP-5 no. 2
no. 6, diesel ad kerosene) (42 tanks ac MC, 4 at NRC and 18 at MCA (H)).

d. All paint spray booths, spray cleanLug booths and iber glass booths

which are. exhausted tside (4 booths at MC. and 5 at CA ()).

e. All vapor degreasers, and solvent cleaning tanks which are exhausted

outside. (12 tanks at

f. All dry cleaning facilities (i facility at MCB).

g. All carpentry shops which are exhausted outside (4 shops at MCB nd 1

at MCAS) (H)).

" b. All boilers burning no. 2 fuel

,eual to 10 million BTU per hor.

h. All bulk lime storage silos which are exhausted outside (2 at MCB and I

at MCAS) (H)).
%_

i. Arcraft Engine Test Stand (I at MCAS) (H)).

j. Fire fighting Craining (1 a MCB and 1 at MCAS) (H)).

The North Carolina DEM requires air pernts for:

a. All boilers burning no. 6 or coal.

oil wth a heat Luput of Erater tha or

c. All incinerators.

d. All paint spray booths, spraying cleaning booths and fberglass booths

with an air pollution control device.

e. All vapor degreasers and solvent cleansing uanks wiuh an a polluCion.

control device.

f. All carpentry shops with an air pollution control device.

g. All bulk l ine storage silos with an air pollution control device.

h. All fuel storage tanks greater than 50,000 gallons sze with a vapor

pressure reater than 1.5 pounds per square inch absolute or dispensing

statious loading more than 20,000 gallons in one day (i.e. AVGAS,.JP-4, and

gasoline). /

2 ENCLOSURE (.





j. All air pollution sources which have an air pollution control device as
stated in North Carolina Administrative Code Title 15 Chapter 2 Subchapter 2H
Section .0600 Air Quality Per=its.

4. North Carolina DEM does not require permits or registration for welding
booths, vehicle exhaust system, nor emergency generators.

5. Air pollution permits will be grouped by geographic area of location.

6. From the subject meeting, action ies for MCB CAMP LEJEDNE are:

a. Submit N.PSIS updates by July 1983 and annual NAPSIS updates every July
first.

b. Notify t.e DEM if any permitted sources are changed, moved or replaced.

c. Notify the DEH of change of ownership on the old hospital pathological
incinerator (NH-78).

d. Notify the DEH of any projects with asbestos removal and disposal work,
and consider annual notification of all scheduled projects with asbestos work.

e. Notify the DEM 30 days prior to any permit renewal.

f. Discuss with MC CAMP LEJE_Legal Sezice Office the legai ownership
of MCAS (H) New River regarding air pollution permits.

Submit a project to LANTNAVFACENGCOM to install a separate fly ash
/’/ clection and storage system for the electrostatic precipitators o the

/ilers
at Building 1700.

h. Submit an ESR to LANTNAVFACENGCOM to assist in air pollution permits at
MCB CAMP LEJEUNE.

i. Obtain fuel analysis of fuel oil burned on regular basis. Analysis
should include sulfur percent, heating value, percent ash, viscosity and
percent moisture.

j. Provide traininE in U.S. Euvircmental Protection Agency visible
emission reading for boiler operators personnel.

Blind Copy to:
114 -I14S
Doc.#0068d.

H. M. DAVENPORT
Environmental Engineer
Code 114

ENCLOSURE





INVESTIGATION OF

ASH COLLECTION AND DISPOSAL SYSTEM,

HIGH DUST LOADING IN BREECHING,
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CENTRAL HEATING PLANT, BUILDING 1700

MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA
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ATLANTIC DIVISION
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NORFOLK, VIRGNIA 23511

PREPARED BY:
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Investigation of Ash Collection and Disposal System

A. Description of System

The ash collection and disposal system at the central heating
plant was installed as a part of the original plant construction in
the early l40’s. The system is of the dry pneumatic vacuum
conveying type with a vertical storage silo and was manufactured by
United Conveyor Corporation. A two stage steam ejector produces
vacuum on the conveying system. Ash from the silo is loaded into
open bed dump trucks by means of a rotary feeder and horizontal
screw conveyor with water conditioning.

Major Modifications to Original System

Within the past five years, several modifications have been
made to the original ash system. A new two stage steam ejector and
a new rotary feeder and unloader have been installed to replace the
original components. Additional ash collectlon piping has also
been installed for transporting fly ash collected from two new
electrostatic precipitators. No other major modifications are
known to have been made to the original ash system.

System Operation

The original function of the ash system was to re
temporarily store ash generated from the operation of100,000
pound per hour pulverized coal firedsteam boilers. Ash wa
collected from =he boiler, air preheater, mechanical collectors and
stack hoppers, ransported through the vacuum conveying system and
stored in the silo (see figure I). Stored ash was then unloaded
into open dump trucks for hauling to the base landfill for
disposal. Based on conversations with plant personnel, no undue
problems were experienced with the removal and disposal of ash
until the electrostatic precipitators were added. The methods of
collecting, storing, removing and disposing of the ash have
remained basically unchanged, however problems have been
encountered since flyash collected by the precipitators have been
added to the system.

D. Operational Problems Incurred

Since the flyash has been added to the system, the rate of ash
flow from the silo through the rotary feeder and unloader has
become very inconsistent. As a result of continuous variations in
ash flow, proper water conditioning cannot be maintained.
Operating personnel have been manually readjusting water flow in an

attempt to provide proper mixing with limited success. During
severe changes in ash flow, either a "water rich" or "water lean"
mixture, passes through the unloader outlet. As ash flow reduces
suddenly due to large clinkers being unloaded, excessive water

totally saturates the ash previously unloaded. In addition, the
excess water drains from the truck creating additional water

pollution problems at the silo as well as a nuisance during





transport. When ash .flow suddenly surges due to fine precipitator
ash being unloaded, unconditioned ash is discharged with the

unwetted particles becoming airorne. These dust clouds have been
severe at times, creating a nuisance to srrounding facilities.
This dust eventually settles and creates additional water pollution
problem in the area storm drainage system. Unconditioned ash that
does fall into the truck also has a tendency to become airborne
during transport and dumping, creating additional nuisances.

Probable Cause

The primary cause of the problems experienced in unloading and
disposing of the ash stema from the variations in particle size of’
the ash being unloaded. The variations in flow are caused by the
smaller particles being more densely packed when passing through
the rotary feeder. In addition, the surface area of the smaller
particles per unit volume is greater and requires more water for
wetting. One other possible problem is that the charged particles
collected bythe precipitator may have a greater surface tension
reducing the wetting capability.

Possible Solutions

/ Several possible solutions to reduce or-eliminate the problems
being experienced were investigated. These possible solutions and
their probable effects on the system are as follows:

I... Install aeration blocks and diverter core in the sh
storage silo to provide better mixing of different size
particles.

This solution may lessen the extreme variations in flow
but will not resolve the problem of wetting the fine
particles. The ash is segregated in the silo due to the
ash being pulled from only one hopper at a time with
resulting layers of ash of a particular size in the
silo. Mixing at the outlet probably would have only-
minimum effects on the problems.

2. Install an air operated valve on the water conditioning
line in lieu of a manual valve.

An air operated valve may increase response time but
will not resolve the variations in flow and the wetting
problem.

3. Utilize a surfactant to provide better wetting of the

finer particles.

Wetting agents have met with limited success and do not

totally resolve the problem of variations in flow.
Wetting agents may help improve the wetting of the fine
ash but variations in ash flow will probably minimize the

improvement.





4. Install a ro.tary unloader designed to handle fine
particles.

A rotary unloader such as the odel D-40 manufactured
by llen, Sherman, Hoff (see figure 2) would probably
provide better mixing and wetting of fine particles but
thevariations in flow may continue to cause some minor
problems. Initial cost of the unloader would be
approximately’40,000.00.

5. Install a separate ash system for the precipitators.

A separate silo and unloader to handle fine ash from
the precipitators separately should resolve the major
problems currently being experienced. (See figures 3
and 4) By separating the fine ash from the larger
particles, each system would be handling ash of similar
size and consistency. Variations in flow due to particle
size should be minimized. The rotary feeder and unloader
could be selected to handle fine material and could be
set up to properly condition fine material only. The
major drawback to this solution is initial cost. A
separate system would cost approximately 50,000.00.

6. Install a dust collector system to control dust emissions
in the unloader outlet.

A dust suppression and collection system could be
installed on the unloader outlet to contain any dust
emissions. This system would probably effectively
contain fugitive dust but would not affect overwetting
due to variations in. flow. In addition, fine particles
would only be recirculated and may only build up within
the silo.

Additional Considerations

Interest has been expressed by the activity to sell the

precipitator ash to local private businesses. If the ash can be

easily sold, plant personnel would be required to dispose of
approximately two thirds of the ash presently handled. However,
the precipitator ash would have to be handled separately and a

separate silo required.

Recommendations

The only solution investigated that will probably solve all of
the current problems would be to install a separate ash system,
silo and unloader for the precipitators. The separate system would
also allow sale of the flyash if desired. The major drawback to

this solution is the initial cost of 50,000.00.





Investigation of High Dust Loading in Breeching

A. Description of System

Eagh of the two new precipitators is connected to two existing
coal fired boilers. The arrangement of the new breeching is-shown
in figure . The common breeching was designed for a velocity of
30 feet per second assuming two boilers operating at full load.
The transition into th6 precipitator was designed to provide a

maximum velocity of 5 feet per second assuming two boilers at full
load. Turning vanes and ladder vanes in the transitions and a

perforated plate at the precipitator inlet were installed to

provide equal air distribution into the precipitator.

B. Operational Problems Incurred

During normal operation, flue gas to the precipitator varies
from one fourth to maximum design velocity. When the velocity
reduces ash falls out in the duct and on the ladder vanes. Some
vanes near the top and bottom fill to where the opening becomes.
almost totally blocked. In addition, ash falls out and accumulates
at the base of the inlet transition to the precipitator along the

walkways. These ash buildups cause unequal velocity distribution
through the precipitator as well as emissions when the’velocity
suddenly increases. The accumulated ash on the walkway also causes

problems when entry into the precipitator is required for
maintenance.

C. Recommendations

A team from the Navy Energy and Environmental Support Activity
was requested to investigate the ash build up problems and to
determine the velocity distribution through the precipitator. Site
investigations were made in August 1980 and September 1981.,
Recommendations contained in the final report of February 1982
include removal of an 8 inch section at the bottom of the inlet
perforated plate and the addition of a sonic sootblower to kep the
inlet vanes free. Removal of the 8 inch section of the plate and
installation of the sonic sootblowers are reco,ended and should
alleviate the ash buildup problems at the precipitator inlet. Ash
buildup in the inlet duct is not considered a major problem and
should have no serious adverse effects on the system operation.





III. Investigation of Stack Caps

A. Description of System

Do

The original boiler arrangement had flue gas breeching from
each biler passing vertically through the roof and connecting to
to individual roof mounted stacks through a 90 transition. Each
stack had a hopper at its base that was connected to the flyash
collection system plpig. No interconnections occurred between
boilers.

Modifications to Systems

When electrostatic precipitators were added to the boilers,
the flue gas breeching from two boilers were connected and a single
duct routed to a cow,non precipitator and ground mounted stack. The
original breeching and roof mounted stacks were retained for use as
a bypass. Two single blade guillotine dampers were installed on
each boiler, one at the connecting to the old stack and one in the
new breeching prior to connecting with the second boiler...This
arrangement allowed isolation from the old stack or the new
precipitator as required.

pperational Problems

Leakage has occurred past the bypass stack guillotine damper
ever since the initial operation. The leakage could be caused by
or significantly increased from ash-accumulating in the damper
seating track. Leakage of flue gas results in flyash accumulating
in the bypass stack hopper and emissions occurring from the bypass
stack. Whenever rain occurs, the ash in the hopper is wetted and
hardens. Plant personnel are then required to manually remove the
material to free the hopper outlet.

Possible Solutions

The possible solutions investigated are as follows:

i. External stack caps:

The use of external stack caps which are generally
limited to small boilers are not considered an
acceptable solution. In order to be effective, the
cap must be larger in diameter than the stack by one
half and must be located above the stack at the
height of one half the stack diameter when located
to effectively block out the rain, the stack cap
will create a downdraft around the plant. The
resulting fumigation problem will not be
acceptable. If the rain cap is designed to minimize
the fumigation problem, the effectiveness of
preventing rain from entering the stack will be
greatly reduced.





2. Internal stack daper:

Use of a dampermilar to a btterfly damper (see
figures 6.& 7) irmstigated. Due to wind loading,
the damper mus.belocated nside the existing stack
or within an extemon to the stack. This
-arrangemeuZ ouldquire a platform mounted on the
existing stack or extended operator drive from
the base of the sk. The addition of a platform
to the existing slk was not recommended
structurally and ended drive mechanisms would
probably not be rable. From a maintenance
standpoint, Ehis lution would be no better than
the currenrin.

3. Double bladed EuilloZdamper:

Installation ofldouble bladed guillotine damper
with compressed ,a=pressurizing the space between
the blades,shouprevent leakage into the bypass
stack. This alZemmtive should prevent flyash from
entering Zhes’taekopper and therefore eliminate
the problem. Theitial cost for installing these

dampers is etimd to be 150,000.00.

4. Install baffles and dage trough in stack:

Installationoaffles and collection trough in
the stack were immstigated and determined to be
ineffective. Thsolution would add additional
draft loss and wd plug up with flyash.

5. Install compresse air.existing dampers:

Installation ofm compressed air manifold along
the seating tracker the damper may keep the dust
from allotting Zheamper to seal properly.
Compressed air be used to blow the track cear
prior to closii:k damper.

Recommendations

Recommend compressed air bestalled on the existing damper
tracks to reduce the amoun of ltage to an acceptable level, If
leakage is still excessive, recmnd double guillotine dampers be
installed.

Installation of a double Euotine damper will eliminate the

flyash from entering the hopperd prevent any plugging due to

rain. No additional adverse effs should be produced such as

would be experienced wih any of-e alternatives investigated to

prevent rain from enterinE zhe ks.





17o0-

\

,4H ,5"1L0

’Ae CIPI T,4
/-/DP,DER /iV 7",4KE

,4SH COL L EC7:/O/V





uu VII:W

I,"I.1’ !L"II

\" ’’-"-- -
’"F. "’.iC [ t.r"",

""’ "’ """’’\ "-1 = ;, ’IL ]": 1- -i
] r-..

,’. -:.

::m ..,.. a-l.:

...I , / / I" , I . -"-i -#
: ’ d,.::. :-.,<.:., , . --,,

... :..:.-,.: . , ..., ,.. ,"’.’." ." - % ,.’ "-,. ........,..... . -.-... , .<.

,.
CROSS SECTION VEW

,EO T’,ARY L/Iv’LOADER





/FW ,5"/L. 0





DR,, IN

(,0 TONS)-

F! GUi,E 4"





G:d//_. L 0 T/A/E O ./.. PE.RS

ELECY’RO,STZ 7"/C
PREC/,/ TA -FOR

T/ON





II





DET,41L5




