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This study investigated the technical and economic feasibility of energy and materials recovery
from solid waste presently landfihled at Fort Dix. NJ. The waste stream consists of conventional
mixed solid waste generated at Fort Dix and adjacent McGuire Air Force’ Base (AFB). The
available energy content of the wast e strea m is approximately 21.4 x 1O ’° Blu (year from 18.600
tons/ year mixed solid waste. Combining civilian waste from nearby communities with the
military waste stream was considered. A total of 73,900 tona / year could be processed and the
heat energy utilized.
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Block 20 continued.

Using solid waste from both military installations alone, commercially available package
controlled-air incinerators with energy-recovery boilers are the most cost-effective alternative.
This alternative has a savings/investment ratio (SIR) of 4.36/ 1.00, requires a capital investment
in FY80 dollars of $2.75 million, and conserves 1.05 million gal of fuel oil each year. The time
required to pay back the investment is 4.7 years. The energy to cost ratio is 57.3 million Btu
saved annually per $1000 invested.

Using civilian together with military waste requires field-erected incinerator-boilers w ith a
capital investment of $13. 1 million. This alternative has an SIR of 3.60/1.00 and a payback
period of 5.0 years. The amount of fuel oil conserved is 3.73 million gal each year. The energy to
cost ratio is 42.7 million Btu saved annually per $1000 invested.

Continuing the present practice of landftlling at Fort Dix is environmentally and technically
sound. but would involve cost instead of savings, and would have no fuel conservation benefits.
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SUMMARY

Objective
The objective of the study conducted under Intra-Armv Order S079-76 was to assess the

technical and economtc feasibility of recovering energy and materials from solid waste
generated at Fort Dix (including adjacent MeGuire Air Force BasCEAFB]). In accordance with
recent DOE) guidelines.1 t he feasibility ol usingsolid was te generated in the surrounding civilian
area as an energy resource at Fort Dix was also investigated.

Solid W aste GeneratIon
The study indicated that approximately 60 tons day (6 days week basis) of solid wa s te is

generated within the Fort Dix and McGuire AFH complex. Fort Dix generates 34 tons day .
and McGuire AFB 26 tons ‘ day. The waste energy generation rate 0 the total waste stream is
214.000 MBtu/year.

The area immediately surrounding Fort l)ix is largel~ residential, with Mount Holly. 10 miles
west , being the largest local city, w ith a population of 14 .0(X).

Reglonalizatlon
it was found that approximately 190 tons day of waste generated in the surrounding civ iliar.

area could be made available to Fort Dix as an energy resource.

Current Waste Disposal Operations
Solid waste generated at Fort Dix and Mc(iuire AE R is collected and hauled hs a private

contractor to a sanitary landfill located at Foil Di~ Ihe landfill is environmentally sound and
has an indeterminate functional life . Other a rea is available at Fort I)is for landlilling when the
current facility becomes depleted.

En.rgy-Recov.ry Alternittv.s
General

Two energy-recovery alternatives were evaluated using military waste only (Fort I)~s and
McGuire AFR). In addition. twoa lte rnatives were eva luated using militaiv and civilian wast e as
an energy resource. In the regional (military-civilian) alternatives , certain limitations wer e
placed on the nature of civilian waste delivered to Fort Dix. These limitations required delivery
of combu5t ihle waste material devoid of adverse materials such as oversized bulk y
incombustibles (e.g.. wh ite goods). exp los ises and other highly volatile waste s , tox ic substances .
and pathological waste. In essence . delivered material from the civilian areas would be a
pretreated (by separat ion) refuse-derived fuel.

Of the four alternatives evaluated, one emp loys modular (package ) heat recovery
incinerators , w hile three use site-erected waterwall furnaces. The modular incinerator system is
t he controlled air type, a horizontal cylindrical stationary bed furnace with semi-continuous
tarn feeding and positive dispiacem.nt ash removal. The recommended configuration is the
piggybac k dual chamber; combustion is at less than theoretical air in the primary chamber, wit h
comp lete burnout achieved in excess air environment in the secondary cham bet. 011-gases enter
a package wate rt ube boiler for steam generation , pass throug h air polluticn control equipment .
and are vented to t he atmosphere. Delivered was te is handled by the front-end loader tipping
floor method . Quenched ash is containerized for regular removal to landfill.

%~./,,l Macfr Ma,,agrn,e,ii (olfrcg,o,, . i) i.cposa l, Re.couree Re,,~vrr i . and Re vclis,g Program . Depart .
ment of Defense (DOfl) Durect ve 4165.60 (October 1976).
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In the alternatives using the waterwa ll furnace, initial handling of waste is by front-end
loader. The material is fired on a double reciprocating grate stoker. Quenched ash is
containerized for regular removal to landfill.

For all alternatives, t he recommended plant location is adjacent to existing Boiler Plant 5881
Steam is distributed to the existing main header, and condensate is returned to the waste heat
plant. Operation is three shifts/day. 6 days! week, allowing a seventh day for maintenance and
peak load processing. Equipment redundancy is included in the most cost-effective alternative.

Economic ,4nali ’.ci.c
In accordance with AR 11-28 (December 1975). t he present value (PV) method of economic

analysis was used. Short-term and long-term differential escalation rates used are shown in
Table A. A discount rate of 10 percent was employed. The analyses were carried out fora project
economic life of 25 years (FY81 through FY06). Table B summarizes the economic analyses of
alternative resource-recovery systems F.conomic analyses which result in a Savings to
Investment Ratio (SIR) greater than 1.0 are, by definition, cost effective.

/4 lierna gjs ’e .4: (‘o?,f,nIa’ Prese,,f F’raeiñ
This is the baseline alternative against which the costs and benefits of resource-recovery

alternatives were compared. Presently used and potential landfill facilities at Fort Dix are
adequate to accommodate future waste generation over the long term. This alternative requires
no major capital investment. Waste collection and hauling are by contractor , with disposal in
t he on-post Army-operated landfill. t he 25-year PV cost of this alternat ive is 55.740.0(X).
including contracts and landfill operation. There are no resource-recovery aspects to this
alternative.

.4 Ii ernaf ire B~ ~f iliiari 14’a.cfr, tf o dular lncini ’rat or .c
This alternative includes five modular incinerator-boiler systems , of which four are in

cont inuous parallel operation and the fift h is available as backup. Steam production is 21.000
lb hr. An investment of $2,750,000 is required. A pproximately 1.050.000 gal/year fuel oil
would be conserved. Compared to the baseline alternative (A), this system has an SIR of4.3 and
a corresponding payback period of 4.7 years. (See Table B).

Table A
Basis of Economic Analysis

Date of Estimate : .Jun e 1977
First Year of Project Operation: FYM)
Length of Economic Life: 25 year s
Midpoint of Construction: .June 19M0

$hor i-Term I.on g-Term (215.yr i
F,usc.i aiioui Rate.. (%/yr i 1)ifrvrs.ni iaI

Annual (‘oat F.Ieunent (‘ nit (‘oat FY79 FY79 FY90 FY91 F.ai’.laiIon Rate (%)‘

Construction -- 8.0 8.0 8.0 NA 0
labor — 7.0 6.6 6.5 6.5 0
Materials -- 7.0 6.6 6.5 6.5 0
Maintenance 5~. of cap 7.0 6.6 6.5 6.5 0
Fuel Oil S0,36 gal 16.0 16 .0 16.0 16.0 8.0
Flect ricity 50.026 kWh 16.0 16.0 16.0 16.0 7.0
Water 50. 50 kgal 5.0 5.0 5.0 5.0 0
Reclaimed Ferrous 526. 70/ton 5.0 5,0 5.0 5.0 0
Vehicle Fuel 50.55/gal 16.0 16.0 16.0 16.0 8.0

fliffercntial rate of 0% indicates eosi escalates according to avera ge nationa l inflation
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Table B

Summary of Energy-Recovery Alternatives

Percent o( F.nrr~y’

Alter- Tona/ yr Operating Mteam FY79 I’oat (‘apliai Year. to to-Coat

nat ive Procc ’aa d Capac ity ti b/hr ) Heatin i t oad tavoat~~eflt (Si MiS Paybaeit Rat io

A ((.600 - - - ‘ - -

8 18.600 21. 0(X) 9.7 2. 750.000 4. 36 4.7 57.3
C 18.600 21.000 10.0 2.950.000 3.95 5.3 559
I) 52.100 50.000 21.0 9.790.000 2.84 6 5  35.2
F, 73.900 75.000 35.0 13. 100.000 3.60 5.0 42. 7 j

aNote. The energy-its-cost ratio is the annual energy sav ings in Riu per 51000 invested in the alternative

A lternatis ’e (‘: %Iilitari 13’a.cle . Site— Ert’t ted !Pti InerUlor

t his alternative includes a site-erected waterwall incinerator to lire as-received solid waste
generated at Fort Dix and McGuire AFB. Steam production is 21.000 lb hr. Approximatel y
1,100.000 gal/year fuel oil would be conserved. Compared to the baseline alternative (A), t his
system has an SIR of 3.95 and a corresponding payback period of 5.3 years. (Sec Table B.)

.4lte rnot is ’ s’ 1) : Regional 13’asie. Site— Ert c tei/ I,u inerator H u h  I”err ou.v Mctai.s Pr evs~ ’aru e ’u~ ’. I
This alternative includes three site-erected waterwall incinerators firing coarse-shredded.

ferrous-depleted solid waste. Material received bot h from Fort Dix and McGuire AFB and the
civilian community (on demand to meet steaming requirements) passes through a shredder

(vert ical shaft hammermill) and magnetic separator for extraction of ferrous metals. Mass
processing rate is 52,100 tons/year. Steam production is 50.000 lb, hr . w hich is greater than the
load on Boiler Plant 5881. A new steam line with condensate return is installed to connect the
Boiler Plant 5881 distribution system to Boiler Plant 5252 (hospital boiler plant), allowing its
shutdown for most of the year. The required investment for this system is $9,790,000. Annual
fuel oil savings total 2.300.000 gal. Compared to the baseline alternative (A). this system has an
SIR of 2.84 and a corresponding payback period of 6.5 years . (See Table B.)

Alternative F: Regional Waste , Site- Erected Incinerator With Ferrou.c Meval.s Preseparation. Ii
Technology under this alternative includes three site-erected waterwail incinerators to fire

coarse-shredded, ferrous-depleted solid waste. Material received both from Fort Dix and
McGuire AFB and the civilian community (on demand to meet steaming requirements) passes
through a shredder (vertical shaft hammermill) and magnetic separator for cxt action of ferrous
metals. Mass processing rate is 73.900 tons/year. Steam production s 75 .000 lb~hr. which is
greater than the load on Boiler Plant 5881. A new steam line with condensate return connects
the distribution systems of Boiler Plants 5881 and 5426. t he second maj or heating plant on the
post. The required investment for this system is $13 .I00.000. Annual fuel oil savin~~ tota l
3.730.000 gal. Compared to the baseline alternative (A). this system has an SIR of 3.6 and a
corresponding payback period of 5.0 years. (See Table B.)

Conclusions
The study indicated that it is technically leasible to recover energy from solid waste at Fort

Dix and McGuire AFB. as shown by Alternatives B and C. Metals and energy recovery from
incineration of civilian and military wastes are technically and economically feasible, as shown
by Alternatives 0 and E.

5 
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Alternative B is the most cost-effective, is the least-investment energy-recovery alternat.vc ,
will save 1,050,000 gal/year fuel oil, and requires a capital investment of $2,750,000. Its
payback period is 4.7 years. The energy-to-cost ratio is $7.3.

Alternat ive C is the second most cost-effective energy-recovery alternative: the energy-to-cost
ratio is 53.9.

Alternative E is cost-effective and the most fuel-conservative energy-recovery alternative : it
will save 3,730,000 gal/year fuel oil. It requires a capital investment of $13, 100,000 and has a
payback period of 5.0 years. The energy-to-cost ratio is 42.7.

Continuation of iandfihiing Fort Dix and MeGuire AFB wastes at the Fort Dix landfill
(Alternative A) is acceptable; however , it is the least cost-effective alternative, and does not
provide for energy conservat ion.

The break-even point for a shredder for construction demolition lumber is 416 tons / year for
Alternatives B and C. Shredders are required as part of Alternatives D and E.

Data from the weigh survey and national average waste characterization were sufficient for
the economic analysis, but are not adequate for engineering design calculations.

Incinerator residue is not acceptable for use as road construction material.

R.comm.ndat lons
Fort Dix should construct a resource-recovery facility—either the least-investment alternative
(Alternative B) or the most fuel-conservative energy-recovery alternative (Alternative E), and
achieve payhack in less than 5 years. It is therefore recommended that Fort Dix prioritize fuel
savings vs project cost and implement the energy-recovery system which best responds to these
priorities.

Incombustibles such as concrete, sand, steel from construction demolit ion, and oversized
bulky items, “self-help” disposals, and incinerator residue should continue to be at landfilled
Fort Dix.

Metal recycling should only be incorporated in Alternative E. energy-recovery incinerator
plant operations. because it would not be cost effective in the other *lternatives.

If either Alternative B or C is funded, investigations should be undertaken to determine site-
specific design data (i.e., tons of waste /day and heating value of the waste) and whether
sufficient construction/demolition lumber will be available to make incorporation of a shredder
cost effective.

If Alternative E is selected, a formal agreement should be made with the civilian solid waste
management representatives to assure delivery of appropriate quantities and quality of solid
waste. 
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TECHNICAL EVALUATION STUDY: The administrator of the Office of Solid Waste ~~
E N E R G Y  RECOVERY Management Programs . Burlington County. NJ. and
FROM SOLID WASTE AT FORT DIX . NJ representatives of the State of New Jersey Department 

~ IAND N E A R B Y  CIVILIAN COMMUNITI ES of Environmental Protection were consulted todeterm ine
( I) the quantitative composition of solid waste , and (2) the
distribution of solid waste in the surrounding community.

I INTRODUCTION Manufacturers and vendors of commerciall y ava ilable
energy-recovery systems were contacted to obtain Current
per formance characterist ics and instal led costs ofBackground hardware. Conceptual designs of technically applicableFort Dix is located in Central New Jersey, about 18 miles systems were prepared, and initial and recurring costs were

sout heast o Trenton in gently rolling terrain. The installa- determined for each system. The recommended system waslion’s pr imary mission is basic training of Army recruits, 
t hen chosen on the basis of its savings/investment ratio
(SIR). Consideration as to the feasibility of locating a

Fort Dix and the adjacent McC’suire Air Force Base future landfill within the boundaries of Fort Dix was(A FB) have an Inierservice Support Agreement whereb y outside the scope of this study.
Fort Dix landfills McGuire AFB’s waste. In return,
McGuire AFB pays its share of the landfill operating Costs.
The agreement is renewed annually. Directorate of
Facilities Engineering personnel estimate the remaining
life of the existing Fort I)ix landfill to be 3 years.

An alternative landfill or solid waste management 2 BASIS FOR SYSTEM EVALUATION
system is being sought to reduce solid waste management
costs. One alternative being considered is burning of the
combust ible portion of solid waste, w ith energy recovery Characterization of Solid Waste
from a boiler in the form of steam. Steam produced in this The solid waste considered in this studs’ originates in the
manner often yields a significant savings in conventional cantonment area, family housing area, and firing ranges at
fuels, w ith a resultant cost avoidance. For these reasons . Fort Dix and McGuire AFB. All refuse, except food waste,
the Facilities Engineer at Fort Dix initiated a feasibility is currently hauled to the Fort Dix landfill.
study of energy recovery from solid waste : this report
prov ides the results of that study.

Table I displays the data collected during a weigh survey
conducted by t he U .S. Army Construction EngineeringObjective
Research labo ratory (CERL) . Vo lume data wer eThe objectives of this study were (I)  to ascertain the
provided by the Fort Dix contract hauler: the as-collectedtec hnical and economic feasibility of energy and materials
density was computed from these data and weigh surseyrecovery from solid waste at Fort Dix . (2) to consider the
records. Results indicate that Fort Dix and McGuire AFReconomic feasib ility of on-post energy and materials
wastes are present ly landfilled at an average rate of 59.6recovery from solid waste delivered from nearby civilian

communities, (3)to identify the most cost-effec t ivesystems tons per day (TPD) on a 5-day basis (TPD~). This rate
excludes 1.3 TPD~ of potent ially recyclable card board andfor imp lementing energy recovery, and (4) to furnish
2.7 TPD5 of wood from construction demolition.engineering and economic data for subsequent project

development.

Figure I presen ts the monthly volume ol waste
Approach and Scope generated at Fort Dix and McGuire AFB taken to the

A solid waste survey was conducted at Fort Dix to landfill by the contract hauler for 2 years prior to the study.
determine the generation rate and main constituents oft he Table 2 shows average daily refuse generated at Fort Dix
solid waste stream. The current solid waste management based on historica l data on refuse hauled to the landfill by
system was examined , and data pertaining to present steam the contract hauler. The volumes used in Table 2 are S-
demands were analyzed. The sale potential of recyclable week averages for January and February 1976 The
materia ls from the waste stream was also analyzed. Data average density was taken from Table I. and thecomputed
from this portion of the study served as the basis for weight determined by multiplying the volume by the
evaluating alternative systems. average density.
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Table 1

Results of Weigh Survey

Fort D1i Mined Solid W.ate 
(‘omb ini ’d

Fort Fort Dli McGuirp Fort Dlx!
Dli (‘ardb oard AFR NcGuIr. AFII

A.”ollected Wood’ & Paper t RefUse Refuse
Date l).~ of W (ght Vo Ius~. lh’n.ity WeIght Weight Weight W,(ght
iiP76~ Week tof u (Cu y d) (to ns/cu yd) (ton. ) (ton.) (tona l tton.

19 April Monday 49.3 1.908 0.0258 3. 7 1.0 35.5 84.8

20 April Tuesday 36.0 1,808 0.0199 1.6 1.6 29.0 65.0

Av erage 42.7 1.858 0.0229 2.7 1.3 32.3 74.9

• Segregated incombustibles such as steel, concrete, sand and gravel were not weighed. There
was a total of five trucks carry ing such waste in 2 days.

~~ Construction demolition lumber.
t Source-segregated.

Table 2
Average Daily Fort Dlx Refuse

Av erag e (‘ompuied
Volume Densi ty Weight

I)ay (cv v di (tons/c u y di t ions )

Monday 0.0229 4 1.6
Tuesday 1 .795 0.0229 4 1 1
Wednesday .725 0.0229 30.3
Thursday 1 .495 00229 34.2
Friday 1 .665 0.0229 38.1
Saturday 815 0.0229 IK.7

Weekly Total 8.912 204 0

I__ 
.
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Table 3 shows the computation of the lower (as-fired) program encourages military personnel in family housing
healing value and ash content of waste of the type areas to take their own bulky wastes , suc h as sofas and
generated at Fort Dix. The data for each constituent are chairs . to the landfill. Hodsehold app liances from family
national average solid waste figures. Based on the data in housing areas are not Iandfulled. Food wastes from dining
Table 3, t he combined waste stream of Fort Dix and halls , c lubs . restaurants , and the post comm isarv are
McGuire AFB has an energy potential of 822 MBtu/day generated in homogeneousstreamsandare hauledoff-post
on a 5-day basis, and the ash disposal requirements in an for disposal by private contractor.
energy-recovery system wou ld be 17 .5 ‘rPp5 lithe project
cilters the design phase, it is expected that the architect ; A crane and two bulldozers are used in the landfill
eng ineer (A /F ) will need to conduct an independent waste operation. The dozers work opposite ends of the landfill,
survey to verify t hese data. The A! F may also need to w ith the refuse contractor hauling to ~ne end, and all other
consider the impact of any changes in the management of refuse being delivered to the other.
solid waste collection, such as recycling of high grade office
paper or newspaper. The annual cost of the present Fort Dix contractor

refuse collect ion and landfill operation is $4 16.000 (Table
Table 3 4). It should be noted that McGuire AFB pays a fair share

Combustion Characteristics of Waste of t he annual operating cost of the landfill under an
lnterservice Support Agreement.

Weig ht rd
l.ow er l, o~~, r  The Fort Dix Directorate of Facilities Engineering re-

(‘akuisted lIeaiin ~ St eali ng cognizes that the present landfill has a remaining life of
Weig ht Act s Weighted Value Value approx imately 3 years. A separa te study is underway

(onstil uent (~ ‘i ” (‘5,)” 1% Ash ) (Stu/ib )’  )Ii i ufih ( .to locate a Site for a new landfill within the Fort Dix
Paper 50.7 4 .0 2 ( 1 7.2.50 3.6Th boundaries.
Food Wastes 19. 1 10.0 I 9 f .550 1.242
Metal 10.0 10(1 10.0 -- --

(cxi ’d)
(;lass 9.7 00 9.7 -. - Steam Produ ct Ion Capabilities at Fort Dlx

Wood 29 0.1 8.~~ 212 There ate two centra) steam plants at Fort Dix . Boiler

Textiles 26  2 0 1  7 200 157 Plant 5426 produced 42 1.6 million lb of steam in the 12-
l.eather , Rubber 1.9 21 0.4 8.460 IN mont h data period (Decembe r l974 through November
Misc 1.7 tO 0.2 4 .300 60 1975). and Boiler Plant 588 1 produced 392.2 million lb

(esi ’dl during the same period. The boiler plants produce l00-psig
Plastics 1.4 0 

— 
0 1. 100 

— 
182 saturated steam. Figure 2 displays the steam production

data for the two plants and the future load of laundry
Total 100.0 244 5.740 Boiler Plant 5324 . providing that the famiI~ hoesing units

are connected to t he plant . as proposed. The steamflata for each constituent based on W R Niessen and S H . . .

(‘hansky “The Nature of Refuse ,” P’o cee~li,,R.i of the ,~m potentially available trom firing processed solid waste is
hpe,ur,o :o, (‘onference (Am erican Soc iets ’ oF Mechanical a lso plotted.
Engineers. 1970), Pp 1-24: and Iueioi’,an ’r .cia,i da,,i.t (Inciner-
ator Inst itute of America. 19610 .

Appendix A presents steam rates on a monthly basis and
a discussion leading to the recommendation that Boiler
Plant 5426 be used as the location for the conversion of
refuse to energy.

Current Solid Waste Management Practice Three of the four boilers in Boiler Plant 5426 fired coal
Solid waste management at Fort Dix is a standing opcr- prior to conversion to oil, t he present fuel. The coal- and

at ion under the purview of the Facilities Engineer. Solid ash-handl ing capabilities of the plant were examined for
waste is collected and transported to the landfill by several possi ble reconversion to coal with co-firing of processed
means . Refuse collection from family housing, canton- solid waste. Because reconversion would require major
ment areas, administrative1 support areas, and t he ranges retrofitting of the boilers as well as the coal- and ash-
is by a contract hauler. Construction demolition waste it handling equipmen t, and installation of air pollution
transported by conslruction contractor personnel in some control and waste-fuel-handling equipment, this concept
cases and by civilian employees in others . A “selt ’-help” was not considered further.

14 



__________ -~~~~~ -.~~~~~~ -- , — ,—----- -.-. -.-

~~

6 0 -
80

‘7 0

0 
- 60

—‘ 

BOILER PLANT 5426 04 0 -

- 5 0

- 
8OILER PLANT 5881 

/

zo - STEAM AVAILA8LE \ ,°~~ ~~~~~~~~, 
- 30 

~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 10
PROPOSED F UTURE STEAM LOAD, LAUNDRY PLANT 5324,

INCLUDES FAMILY HOUSING .

0 I I I I I I I I I I 1
DEC JAN FEB M4R APR AMY JUN JUL AUG SEP OCT NOV

1974 1975

FIgure 2. Actual and proposed steam loads.

IS 



- . -~~~~~~~~~~~~~~~~~ --
-. - -  —.- -~~~~

Table 4 
it is required. Its disadvantages are wastage of the energy

Present Value (PV) potential ot solid waste and high annual costs . The annual
Operation and Maintenance (O&M) (‘oat cost associated a i th Alte rnative A is assumed to he equal

for Present Pract Ice (Alternative A) to t he Current annual Cost of the svstem--S445.000 ill FY7 7
I t andfill Operation dollars. The 25-~’ear PV cost is $5 .5 million: this includes

a. One crane operator ($6.2 1 hr) S 12 .916 all operation and maintenance (O&M) costs, such as
h. iss o equipment ope r.ttors ($6 05 hr) 25. itil( the contract , labor, utilities , repa ir , and maintenancec MTO crane 2304 hr X $4.86 hr I I I 9~
d 1) 7 tractor 1840 hr X $4 86 hr ~~~~ 

Since t he value 01 land is excluded Ironi Army economic
Subtotal $ 67 .945 analyses unles s the land in question is to he purchased or

2. I on Dix Cont iact Reluse Collections $ 148 85) s~ild as pan of lhealternalive . the costs assoc iatedwit hthe
I total S 4I~~.94~ dese ltspmeni ol a new landfill were excluded from the

— — ! 07 ana lys ts The ~osls of develop ing the landfill would be the
4 Fsc~}~ted to June 977 $ 445.(i5~ same for eac h alternative.

I 29
5. Fscalated to June 1981 S ~74 , 1(8)

25.v r PV Multiplier ‘~~~ 4 Package lncinerator/Bo lle, Energy-Recovery
6. 25-yr 1w 55 4~ 7 7(5) Systems: Combined Fort Dlx and McGui re AFB
7 Rounded for Fconomic Ana lysis ¶5 .470.0(8) Waste Streams (Altern ative B)

Fhc hourly rates and number of hoi irswcrrta kenlro m proposed this al te t na t iv e involves energy recove rs f rom the
FY76 Intersersice Support A greement betw een Fort Di~ and combined Fort l)is and Mc(iuire AF B waste Streams. . An
McGuirc AFB dated 22 Octobe r 1975. incinerator plant accommodating live package controlled-

air. grate less . incinc’rator boiler system s des iged to burn
mixed solid waste would be built adjacent to Boiler Plant

Sale Potential of Recyclabl e MaterIals 588 1 (Figure 3). The site for the proposed resource-
Appendix B presents the analysis of the sale potential of recovery facility was selected alter discussion with Fort

recyc lable materials. The approximate values of recyclable l)ix Facility Engineer personnel
ferrous meta ls and aluminum in the Fort Dix waste stream
were found to be $10,200 year and $7 ,300 year . respec- the proposed incinerator plant would burn the solid
ttve ly . There is no economic method for separating this wast e present ly delivered to the Fort l)ix landfill by
amount of metal once it is mixed into the waste stream. contraclors and other personnel in the Fort Dix and
Materials recovery was therefore not incorporated into McGuire AFB solid waste operat ion. excluding ”self-hel p”
Alternatives B and C’ (see Chapter 3) delivery. the steam produced by the boilers would be

piped to t he main header in the adjacent plant , t hus
The value of incinerator residue as a road construction reducing the amount required to be produced by the

materia l is not known. existing oil-fired boilers .

This alternative has the advantage of saving money over
the antici pated 25-year life span of the incinerator plant .
conserv ing increasingly costly fuel oil, and conserving

3 DESCRIPTION OF SOLID WASTE landfill space due to the volume reduction from the
M A N A G E M E N T  ALTERNATIVES combust ion process A disadvantage is the need b r  capital

investment Each of the u s e  incinerators would hase a
nomina l capacity of I ton of refuse hr F he plant would be

The following sect ions present design concepts and costs si7ed to handle the antici paled design peak of 74.6’ I I’D.
of the waste management alternatives found to be techni- and would operate Monday through Saturday. 1 7 shills.
cally feasible, week. ‘the weekend heat requirements and peak steam

demands not satisfied by incinerat ion would he priss ided
Nonenergy-Recovery Syst .m: ContinuatIon by f iring one or more of thc currently used oil- fired boilers
of Present Practice (AlternatIv e A) in t he boiler plant

Alternative A involves continued use of the present
practice of hauling solid waste from Fort Dix and McGuire • Appendix U describes the method ot economic anals s is

AFR to the landfill at Fort Dix. l’his system is technicall y •‘Thic design peak is calculated fl Appendix ~
satis factory. It has the advantage of requiring no imme- 

~~~~~~~ .4,alr~ is arid Pri.~tom Vs’o luai,ia, I ,  R esr ’u r c i
diate capital investment, except for the new landfill, when 4fonagrmens . AR 11-28 (Departmet t ot the Arm s . ( i t ’S)
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Table 5 The tollowing paragraphs describe the proposed process
flow. Collection vehicles delivering refuse would beAnnual O&M Cost for Proposed Landfill and Refuse

Collect ion: Combined Fort Dix and McGuire AFH weig hed on standard platform scales. After weighing, the
Waste Streams trucks would enter and dump the solid waste on the

I t.andtill operation t ipping floor, where a front-end loader would push thea. One crane operator ($6.2ljhc ) S 12.916 material into the receiving hopper of the ram-fedIs One’ equipment operator ($6.0 5- hr) 12.584
incinerator If a shredder is installed, demolition lumberc. MTO crane 1920 hrx ¶4.86,/ hr 9.311

d 1 ) 7  tractor 920 hr X 54.86’ hr and wooden pallets would he shredded and then
Subtotal S 44.i~ 2 

incinerated.
2 Fort l)i~ contract refuse collection” ¶348.0(8) The cost effectiveness ofusinga shredder depends on the
3 Sum ol I ~ 2 5397.192 a mount of such wood available. An analysis , presente d in
4 Escalated to June 977 $419,64 5 Appendix I). indicated that the breakeven point would he

Rounded for economic ana iss is ¶419 .600 approximately 416 tons year . an average generation rate
of 2 6  FPD. from construct ion demolition 160 days . vear.

• The main diilr’rerwe betwee n the present landfill operat ion ‘I he number ot incinerators in use would depend on theand Altern atives H and (‘ s the eliminaiion ot one equipment
operator due to reduction in ~hr daily volume to be tandfilled ~ 

amount of solid waste to be incinerated. However . ss it h
one-third to one-hail of the present daily volume. The volume four on line. 20.300 lb of steam .’ hr could be produced by
reduction occurs at the proposed incinerator plant
~~from Table 4 Assumes no change in contract price ‘Calculated in Appendix A

Table 6

Cap ital Investm ent--Al ternat ive H

ln,tait, ’d F.n~ ineprin~h e m  Quani itv t ’ nit Coat iSi Patim ,ic IS)

Scales, truck I 24.000 24.000
Incinerator w boiler’ 5 204,100 l.020.500~Nonstandard boiler controls 5 10.300 51.300”
Aus fuel line. 1 4 in . 300 ft 3.00’ ft 900
Feed waterline. in~ul I ri 30(1 ft 5. 75 ft 1.700
Steam line, insul 4 in. 300 f t  13. 75 ft 4,100
Pipin~~conneciior,s I 10h 1 .100 l .tOO
Startup and training I toh 4~? of 1.020.5(8) 40.800
Building 26.000 sq It 24.00 ’ sq ft 624.000
Building. site work I tots 80.000 80.000
Electrical substation I iob 6.800 6.800

Total empirical estimate St.855.000
location ad iustment for NJ X I 0R~

~~00t 600
Technical updating factor 5/ 07~2. 143 .90(1

I oaders, front-end 2 ¶ 15,000 “30,000
2,173 .900

Escalation from 1977 to 1980 ~ 1.26
2.739,100

Rounded for economic analysis $2,750,000

• Nominal capac ity . I ton refuse,’ hr
Data used in Table 7
From Fmplri.. -aI (‘ott P.ctimavi. (‘or M( Iitori ’ (‘on.Ifl’uetio~, a,,J (‘oct .4dj u.umeuv Focip,.c. AR 4 15-1 7 (Department

of the Army, 1975)

18 



- J~~~
_
~~~
_ .- . -

_ _

Table 7

25-Year PV . O&M (‘osts and (‘rcdi ts --Alt, rntst ive H
Annu al (‘oat Annual (‘ iiut 2,% ’vr  I’S’ PV 2 ’ / - s r

It em Quani liv (‘ nil (‘,mt $1 )I”Y771154i45’) IVY$iil $Iii i(t) Nuiti piier (‘m U ,  SOINu

Front-end loader operator 7,072 man-hi s E  7 78 hr St  S 66.4 9 ~24 632 5
Incinerator operator 7.072 man-hr yr (s. 87 hr 48.6 67 7 9.524 579 9 -

laborer 2,080 man-hr s r  6 8 7  hr 14 184 9 524 170.6
Ash & reject disposal 4.537 tons 6.5)) ton 29 5 380 9. ’24 352.0
Maintenance

(4
~? of Table 6) 42.9 5 5 3  9524 526. 7

Refuse collection & landfill
operation liable 5) I oh 419 6 54 1 3 9.524 5. 155 7

\usiliary fuel (accounted
for in Appendix Al

Fkctrici t~ 186,200 fW h  0.1)26 kWh 4 8 8.8 18.049 58 2
Fuel . Front-end loader 14 .140 gal 0.55 7 8 14. 1 20 050 282. 2

Total costs 7.85 7 K 

~

‘

Fud credit (Appendix A) I .050.000 gal yr 0.36 78.0 684.2 20.050 II.” 17.8
I aho r credit 3.536 man-hr yr 6.87 hr 74 1 3 1 1  9.524 290. 1

tot al credi ts 14 .18)7 9
Credits minus costs rounded i~ir economic analysis $ 6.140 0

lecd ing the average amount of solid waste collected to the he as calculated for A l ternat ive H in A ppendix A Ash
incinerators . On days when less than ihe average amounl removal would he by quench and drag cons evor A dry
01 sS /istC is co llected, only two or three incinerators wictild granular media scrubbe r or other air pollution control
h~ used. I he f i f th  incinerator is provided to handle peak device would he used for a i r  pollution control.
loads and as a backup when another unit is dow n tts r
maintenance. Field-erected units , w hich have a more extensive operat-

ing h istor y  than  package Units , a r e  des i gned to
Package controlled-air incinerator tunIs with an aux il- accommodate a particular w aste Several designs are

iar~ burner to ignite t he solid waste and an extra burner to ayai lahie 01’ 22 energ~ -recovers incinerator plants built or
provide contro l and additional steam as demanded are under construction in the 1./ nited States between 1956 and
commerc ially available. Package incinerators have been 1965. two had units wit h a process ingcapaci lvof lessth an
designed and tested to meet present New Jersey air 100 TN); 10 had units in the range of 100 to ISO TPP; the
pollution standards , rema ining 10 had capacities ranging from 18010 350 TPE)

The only Department of l)efense refuse-fired boiler
I ahles 5 through 7 provide detai ls and calculations b r  plants are at Norfolk , VA , and have been in operation since

determining the costs and economics of Alternative H. 1967 Each Unit has a capacit y of ISO TPD. l fa  shredder is
Table 5 giscs the quantities and costs for the proposed insta lled, demolition lumbe r and wooden pallets can be
waste co llection system. Table 6 gises a breakdown ofth e incinerated~ its cost cffectivenessdependsonthe amount ot
capita l required under this concept. Table 7 lists recurring such wood available (Appendix 1))
O&M costs, including the costs of utilities , labor, ma inte-
nance. and proposed refuse collection. Tables K and 9 pros dc t he detailed cap ital investment

and annual O&M cost of Alternative C.
Field-Erected Incinerator BoIler Energy-Recovery
System (Alt .mat lve C) Resource Recovery From SolId Waste

From Nearby CIvIlIan Commu nltlu
This alternative considers energy recovery of the corn- The preceding alternatives considered only the wa ste

hined Fort Dix and McGuire AFR refuse streams using a generated at Fort Dix and McGuire AFR as a potential
field-erected plant consisting of one waterwall furnace resource. The next twoalternatives consider theeconomics
equipped to fire ram-fed refuse on a three-flight double
reci procating grate stoker . rhe plant would be located ‘ Municipal l, i, i’rairi n ‘ 4 Rm ’vies ~‘I I ,srrarun ’ , Sir AP-79
adjacent to Boiler Plant 588 1 and the design points would (Fnsironmental Protection Agency. 1971) . Appendix.
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Table 8

Capital Investment --A lternati v e C

in,taiit ’d Engine ering
Ii.’m Qu,niii ~ t. ’nit (‘0,1 Si E,s i imatr ’ iSi

Sc.ilcs . tr u ck I 24 .0(8) 74 .0(Ni
l’iclil—s ’ rL’s ’icll bsiiltlu’r I I .i) 75 .i)iili I .ii7S .(H)ii
Ash handbiig I I iili.iKlt i I 0(1(111(1

ur puilliii u n  control I 2(81.0(8) 2(81 (8111

‘~t ick a id hi eechiiig I 1((i.i ttili Ktl .lMMi
\ i i ’ uuII, i i\ tift’ t lint’ 4 iii tOll ii is) Ii ‘Hilt
I ,‘r - ,la.iir ’i. iiisii l t iii tiNt ii S 75 Ii I ‘00

Iiuuu ’ insuil 4 ni lull ii II 75 ii 1. liNt

b’ iping c i, iii i s’c iio i is I oh I .lii( i I IOU

Stariup antI tra ining i2~ un  I ahlc 9i I oh 26.5(81 76.5)81

Building. 2ii It high I (‘ (#8 ) si.~ f t  24 so It 154 , illil i

Building. 36 Ii hig h 7.800 sq Ii .16 sq Ii 100.8(81

Riiildi ng. s u e  ~ ork I oh 4(1,0(8) 4ii.iHK(

Flectri m.’aI sii hsiaiion I oh 6.8(8)

I ot,it empiri ca l est mats’ $ I .944 .9(8)

I uuc at io n adtusimenr tot 5,1 
- 

‘ I O N’

2 .154 ,500
lechnical u pdating factor ‘~ I 07’

2.31)5.30(1
loaders , Iront-end 2 +10.000

2.335 .3(8)
I ’ sc.ul, i~ ’uI to I- VN () ‘ 26

2 .942 .8(8)

K ounds’d iiir t’cuu,ronhic a n,uls sis $2 ,950,188)

‘I to ni I un p in a/ ( .o  ! ‘nunini s I n  fI,I uani ( u s urui U ’ u  u,,, ! ( ‘ i  l . ! i ,ol i i i i  ,~, / ii i n s . tsR 415- I 7 i I )cp..i iint’ni
nO the A u  ir is . 9’S)

Tab le 9

25- Year t ’V . O& M (‘osts isnd (‘ red it s --Alt ern usli v i ’ (‘

Annu,ai (‘o~i Ann ual t oni 2’.-s ’ r i’S i’S 2 5 . s
item Quaniiiv (‘ oh t ’o,t (SI ii”Y7’IWSfKNn 1FV$Ii,$IHHI, Niuiii1,ii,r (‘oat, ($1851)

Front-end loader operator 7.1) 77 man-hr ~r 7 28 hr 51 . 5  66.4 9. 52 4 6)7 5
Incinerator operator ‘.072 man-hr s r 6.87 hr 48.6 62, 7 9,5 74 579 , 9
I aborer 2 .0110 man-br ~ r 6.1( 7 hr 14. 3 tK .4 9 524 170.6
Ash & reject disposal 4.537 tOns 6.50 ion 29.5 38 .0 9.524 352. 0
Maintenance 104 .8 135 I 9.524 1,250.6
Reli isc collection & landfill

operat ion (Table 5) I tob 419 .6 54 ) 3 9.524 5.155 7
Aux iliary luel (accounted

or in Appendix A) -0-
Flectric ii% 525, 000 kWh ‘yr 0.026 kWh 13.7 24 7 18049 455 9
Fuel, front-end loader 14 .140 gal sr 0.55 gal 711 14. 1 20 (15(1 2112 7

I umial costs 8.869 4

I ahor credit 3.536 man-hr sr 6.87 24 3 11 9 574 79(1 (1
Fuel credit I tsppendix \ I 1.100.000 gal yr 0 ItS 396.0 716 K 2005(1 14 . 171 11

‘luital credits 14 .661, 11

Credits minus co%ts rounded (or economic anah’sis S 5,790.0
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m l  ins’Itidiiig liii ’ s’iv ili.iii s’suiu iuut iiui ls in the I uu i i  I)ts ,uiii l lmui l lui l io t i  ~u ui1l i uu l its ’s is ’ s ’ ssur iul t l  In iisu ’ut liii .iui ~n u i ) I i i ) i uu i i

~sI~’(iuiirt’ .A I’ 13 w,usI~’ slrc ,u ii u I hi’ .iie,i iiiiiiir’di,its’ls cuuii liol
su t round i iig l u l l  I )i s is Iargcls t esidcni if . Mount Ii oIls
It) milcs wes I . is t hc largest focal c ity , w i  h a populat ion ol I’ i~ld—c rcctcd units . ~ hich his~’ a toots ’ cs tc iisis e
14 ,000. A res icw sr I Figure 2 shows th~it the energy (s team) operating hustsu r ~ than pac kage un its . .iuc des igned to
trom mi l,tarv w as te exceeds the oad of the I aundr v  BoiI~r accommodate a particular waste. Scs eri l designs ire
Plant and nearis satisl es the Isuad of Boiler Plant 5426 or is .tilahle.
Boiler Plant 58$ I several months of the sea r. Figure 4
shows two possibilities ob increasing the si/c o f t  he energs
market ‘\ l tc rnat ise I) would connec t Boiler Plant,. 588 I Alternative D (CIvilian and MIlItary SolId Waste)
and 575 2 is il h a steam and condensate ret (urn line. ‘sf ter the load curs c was draw n lor the co nuhinut ion ol
‘\Iis’rnatis’e I) would pros isle approsimaiels 21) 5 ini llnuun lb Boiler Plants 5881 plu s 5252 ( Fi gun ie 4). t he capac ity of ’ the
01 steam ‘5 e,ur . a i.u i get steam load i han cs isis-sf b r  eahei resoiircs’—uccose rs pl.u iut si i s  su ed for 50.1MB) lb of
A l ter nat us e H or C Al tc rnanse F isoufd interconnecl sls’if lt  h r  In asf d i t i uutu  to  the I 5 .600 ions sil solid
Boiler Plan ts  5881 . 5 2 5 2 . .ini) 54 26 , p r o d u c i n g  w a st e s t a t  f rom hurt l)is and Mc (iuiire .AFB. Ihs ’ pl orI
appruus maid s 4110 million lb of steant sear , ‘\lt~i ui.itis es I) would he able tsr handle 33,6(8) turns scar ol cus ul i ,uut ss asic
and Farcss ’ rs similarescepi for capa cuis and the Iolluuw ung l’he plant would pioduce appr uus i in nie ls’ 795 mill ion lb ol
description ol the process is il l sers cI or birth: the differenc e steam rear I ruu i ru , th~ s o u r hi ned is asic stream (Sec

in capac its wil l hc discuisss’ul in latc i paragrap hs A ppendis ‘s ts ~ c i l c i i l i iuuu i is 1 I his is cqs iisalcnt to 71
l1~’~ cciii s ib h u e  iuui ul I u n i t  I Its i n i u iii .u I heating lousl I In’

A plant wit Ii three boilers , each incorpuui al tog I it’ Id— capif il iitvs ’si otto) us s’) . ‘‘111.18)11 ,u s sh~uss in iii I able Ill ansI
erected. wa I ens a ll lii m aces , wo n Id he t una  I cii ad I acent to I he 2 5— \ea r o pci alit’  n cost is ,i i’ V s ,us i rig ( crs’sf i t s  Ut i uius

Boiler l’la iii 588 I I here would he a truck sea le u’uI ci sfc t he sod ) of’ $2 I .400.1100. .ts s h ow n i~ I able I I Fr oni a
bui lding t o monitor the amount of suuli il w as t e  processed resource—re covery stand po int . 1880 to ns year ol lerrous
I he process would start as the w as te  is dumped on the metal are recovered and 2. 300,0(8) ga l rear of fuel oil are
tipp ing floor Fach side ol the tipping floor would he su ed conserved.
to handle I hrec— fo t ir t  hs of a ifas s supp ly uul rebusc I here
is ould be i is o complete processing lines I or redundancy
and operatnsnal rel iability Alternat Ive E (Civ ilIan and Military Solid Waste)

I he plan) b r  this altern.ui se Sc as s ired to produce 75.188)
the processing line would consist ob a conveyor p11 . a lb m l  steam hr f r o m  the w aste stream . In addition to the

hinged steel belt feed conveyor. ,u shredder , an output 18 .6(X) tons year of solid waste from Fort Dix and
conveyor wit h rubber belt , a magnetic separator , and a McGuui re A EB, the plant would he able to handle 55.3(M)
surge bin to even out t he flow of mater ial. F uch pruucessin g t urns year un civi lian waste. The plant would produce
line would he stied to handle the wast e In practice , thc~ ncarl~ 480 million lb of ’ steam rear Irom t he combined
would be alternated daily, with one line asai lahle lot solid wa s te str eam. (Sec . “spps’ndis ‘s b r  c ilcu lal ions . 1
maintenance , un as ,i hack ti p , c hum Id the other line fail (If I his is eq nis a lent to ~ percent of the 1 ot at I i n rt I )u s a nii u,i I
the three boilers , one would he asui ilahle for backup and heating load. Ihe capi tal ins’eslmeni is $11. 1(81.0(81, is

motat tu rn , w hile the other two are urn tine. I he boilers ~~m 1(1 shown in I a ble 12 . nil the 2S- dci r u’perat ui 0 cosi is a I’S
he field-erect ed , waterwa ll Furnaces . equipped t i n  I irs ’ r,inu- s.i s ings (credits minus curs is) of list is er S4tl .t11M).lNK)
led refuse on a three—I lig ht double reciproc.it ing grille ( I  able I 1) I’ rsrnr a rcsu uuucc- u es ’ unst ’rr sl indpu’ini . 2671)
sto kcr. Ash removal would he hr quench and drag tu rns of leu rsr i is metal iie recovered ansI .1.730.1118) gal of
conveyor. A dry granular media scrubber urr other air f u e l  oil are conserved annualls

22 

- . ~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~-



Table 10

Capital Investment Costs--Alternative D

Item Quantity Unit (‘0.5 iS) (‘oat St

Scales , truc k I 24 .000 24,00(1
Conveyor pit 2 6.000 12.000
Steel belt conveyor 2 30.000 60,000

Shredder. 25 tons ‘ hr 2 150 ,000 300.000

Dust control I 12.000 12 ,000
R ubbe r belt , outlet conveyor 2 12.000 24.000
Magoctuc mctal separator 2 42.000 84 .000

Surge bin 2 14.5(8) 29.00(1
Cs”nveyors to sto ke rs 4 6.000 24 .0(8)
Boilers, 25 .000 lb hr 3 1.025.000 3.075.000

Air pollution control 3 200,000 10.000

Stac k and hr~eching I 11)0.000 (00,000

Ash handling I 125.000 125 .000

Building, 20-ft clear height 16.000 sq ft 24 sq ii 184 .000
Building, 36- ft clear height 16MM) sq 11 36 sq ft 586.800

Ruulding. misc cute work I lob 75.000 75.000
Electrical substat ion I 12, 000 12 .0(10
Steam lines

insul in btdg. 10-in. dia .00 It 33 Ii 9.900
in conduit . underground. 4-in. dia 7400 ft lOS ft 777 .000

Condensate return lines
maul in bldg. (s-in. dia 300 ft 22 It 6.600
in conduit. underground. 4-in, dia 7.400 ft 46 ii 340.400

Steam manholes 4 6.300 25,200
Rsnad and parking sit 700 sq yd 14.80 sq yd 10.400

Total empirical estimate

location adluslment . NJ ~ 1.08’
7.232,000

Technical updating factor x I 07’
7.738 ,200

Front-end loaders 2 15.000 30,000

7.768.200
Inflation to midpoint of co nstruction (Jun e (980) X (.26

9,788.000

Rounded for economic analysis 59.790,000

‘From Empfr ~i-aI Cs ’s: £t :Imuite i for Million ’ COn.UPUCIiU~ and (si.ti Ad/ ~,cin,r:,i Factors, A R 415- I 7(I)epartmcnt
of the Army . 1975)

‘ 1  _  
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Table I I

25-Year PV , O&M (‘oNtN and (‘ red it s --Al t ern atj vt- I)

Annuni u. ,~i A nnu~ i (‘ ,,,ui 2 ’u.~ r i’%’ t’S’ ’2~’5.~ r
Iu.’m t)uisnt)t’u (‘ niu t’ o,ut iS) uFY’7~ 11$i)i)Oi t)” Y uil iSOhtilt Muitiptiu’~ (‘ui,uI, i5iuuiii’

Frsnnt-cnd loader superator ‘.488 man-hr yr 7 25 hr 5 4 5  711.3 9 624 61r9 7
I cad boiler operator 7.488 man-hr ~n 7 25 hr 54 5  70.3 9 24 669
Hoiler inpera tsur 1455 man-hr yr 6 5 7  hr 5 1.4 6 6 4  9 524 e~~’ iiShredder operator 7 458 man-hr yr 6.87 hr 5 1 4  664 9 614 652 1)
I aborer 2,081) nran’hr s r  6.57 hr 14 ,3 5 4 9 614 ‘6 6
,\sh & rejs ’s’i slispuusa l 1 . 1 ) 1 5  tu r ns ~r 4 IS Ti ’ 54 5 7()  1 1) S”4 669 4
Mti u flit’ iiaui ci’

6”; ot ta ble Ii)) l9S~ 166 I 9 623 1 4 18 su

Maintenance
(2’ of Table 101 22 ‘ 793  9 ~24 2 s  ~

B el use collect sun & landlibb
operation bt a h le  6) 4 ) 9  6 541 5 9 ‘24 6 ) 6 5

,‘su’sili,iry fuel (a~cunuunied
tsrr in .‘s ppendi~ 5) i)

Ileciricirs b . ia4.i811) kW h Sr 1) 1)26 kWh 27 I 4~ I 5 1)49 886 8
Fuel . tront-en d hust ler 14 . 14(1 gal yr I) 56 gal 1 5 4 I 21) 050 182 2
Water ‘.1(81.188) gal s r I) 0005 gal 16 4 6  ‘I 514 4 ) 6

Total (‘osts 5 12.514 I

I rid credui (.\ppendu 5) 2 .3181.188) gal sr (1 56 gal 515 ii 1491) 0 20 050 5iI~ i49 Ii
O&M u r s ’u f t t  265 6 142 6 9 514 

~. 163 2
1-errous metal c redut

i ‘\ ppenslic K) 1. 8$)) tur ns ‘u r 16 lu ion Sib I 64 9 5’4 
- 

61 ~9

t otal eredius 35 .928 I

(‘reduts minus t u i s t s  rsniundt’d Ion ecunnu,rnic anals’ sis 611 .40(1

I he ilgure mit 54 1$ turn assumes that  Bur l ington Ciusinty is uusu ld arrange ho huse  the ashes t ransported io Ihe l~indIiIl
Ii nun tmus t  ii’ ihe Federal (,urcernmeni
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Table 12

Capital Investment Costs--Alterna tive E

Item Quantity Unit Coat (Si (‘oat (Si

Scales, truck I 24.000 24.000

Conveyor pit 2 6,000 (2 ,000

Steel belt conveyor 2 30,000 60.000

Shredder , 25 tons/ hr 2 150,000 300.000

Dust control I 12 ,000 12.000

Rubber belt, outlet cons es or 2 12,000 24,000

Magnetic metal separator 2 42.000 84,000

Surge bin 2 21.000 42.000

Conveyors to stok crs 4 (,0()i,) 24.000
Boilers. 37.500 lb hr 3 1.450.000 4.350,000

Air pollution control 3 300,000 900.000

Stack and breeching I 100.000 100,000

Ash handling I 140.000 140,000

Bldg. 20-ft clear height 18 ,600 sq ft 24 sq ft 446.400

Bldg. 36-ft clear height 19,000 sq ft 16 sq ft 684.000

Bldg. misc site work I job 80.000 80.000

Electrical substation I 12,000 12.000

Steam lines
m aul. bldg. 12-in. dia 300 it 35 It 10 .500
let conduit , underground. 12-in. dia ‘7400 (1 135 It 999,000
in conduit , underground. 8-in. dia 2600 ft 84 ft 218 .400

Condensate return lines
insul , bldg. 6-in. dia 300 ft 22 It
in conduit , underground. 5-in. diii 7400 ft 53 ft 392.200

Steam manholes 7 6.300 41.100
Road and parking lot 800 sq yd I4.S 0’sq yd 11,800

Total emp irical estimate 8.974.000

Location adjustment , NJ )< I.OS~
9.691.900

Technical updating factor x 1.07’

10.370.4(10

Front-end loader 2 15,000 30.0(8)

10.400.400

Inflation to midpoint of construction (June 1980) x I.2iu

13.104.400

Rounded (or economic analysis 513. 100.000

From Empsniu ’aI (‘oct Fciimau’e.c (or Miliga, ’t ’ Co,,.ctrucg ion and (‘0.5: Adjustment Factors, A R 415-1 7 (Department
of the Army, 1975)
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Table 13

2iS-Year PV . O&M (‘osts and Credits--Altern ative E

Annuuut t out Annu s i (‘o~I 2~i . vr  I’V I”,’ 2ru .s r
h u m  llusniiii (‘ nit (‘out 4*) iVV77K$)rn(ii iFYsIaSsrno i Multqrtu’e S’outh i$4t4W)r

t’ruint-t ’nsf liu.istt’ r iips’rahor ‘.485 man-hi ii 7 28 64 6 lit 1 9 614 699 7
I easl huiils’ r u upu’r ii mit “ . 488 nu au u— f ur s u ‘ 18 63 6 7i) 1 ‘1 624
Boil er srçrt’ralsur ‘.488 urran.lui sur  6 57  4

~ 4 Mr 4 4S2 4  Intl ii
Shredder operaturr 7 48$ man-hr ii 6 87 6 )  4 664 9 624 67 1 ii
I ahorer 2.1)80 man-hr sr 6 5’ 14 7 IX 4 9 514 b ’ ~ 6Ash & reject slispursal (8 .46)) tur ns 4.II( 77 I 99 6 9 514 ‘14’ 4
Maintenance

~Si ot Fable 121 279 4 164)4 9~~14 1 4 t ~Maintenance
i 1~

’; of I abLe 17) 12 5 42 i) 9 ~24 199 2
Reluse collection & landfill

siperation (I able 5) I ~oh 4 19 .6 64 1 1 9 614 6 .1 46
Flectnicii~ - 1.566.000 kWh (1(126 407 ‘5 ‘ 15049 . 7 lii
Fuel , front-end loader 14 .140 gal 0.55(1 ‘5 4 I It ) 06() 151 2
Water 10.6(81 (88) gal ~r 0.0005 gal 5. 3 Ii S 9 624 66 I

lurtal Costs 14 .462 0

Fuel cre dit (Appendix A) 3.710.0(8) gal y r  036 gal 134 2 .5 2430.5 20 4)54) 48.711 4)
O&M credit 402.0 518.6 9.524 4 979 4)
l e t  runi us metal crest it

(Ap pensl is K) 2.674) tons c i  26 71) turn 71 6 92 1 9 624 $79 . 1

Iuutaf  cred It s 64 649 I
(‘ redits nuufl uus s isis ruuu ins les t liii ec unrrmuuurus ’ .ur ia bs sus 5411.1(8)

‘The figure oi $4 IS ion assumes that Kturl un gi um n (‘oujflt ’u asm uti ld arrange to hut sue the ashes trancpsrnued to the I~ndiiII
at no curst u s  the Federal (‘,osernment
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a INTERACTION OF FORT DIX AND Table 14
NEARBY CIVILIAN COMMUNITIES Materials Not Acceptable

to the Resour ce-Recevery Facility ’

Alternativer 1) and F. described and anal yzed in t he f .  Ilarardous waste
previous sect ion of this report , cons idered the use of civilian 2 Infectious waste

I Bulk liquids and semiliquidsw aste as a resource to Fort Dix. This section discusses
4 Sludge containing free moisture

administrative as well as economic impacts. 5 Flammable or solatu k substance s
6 Raw animal manure

It ’ Fort Du~ decides to recommend a regional approach 7 Septic tank pumpungs
(A l t e r n a t i v e  1) or F)  for f und ing  and e s e n t u a l  ~ Riu w sewage sludge

9. Industria l process wasteconstruct ion, several areas of concern must be worked out 10. White gosuds . such as stov es . ref rigerators , hot
wit h the civilian agency ’ t hat has overall responsibulit~ for water heaters , and similar appliances
solid waste ds p~nsal t here must he agreement on the II. Auus rmohule sir truck pa ris . engines, transmus-
wast es t hat are acceptable t in Fort l)ix (Table 14 is a sions. dr ise train , ax les , fuel tanks , and s us-

suggested list of materials tsr be escfuded from the wastes pension part s
1 2 Machine parts . such as sha fts , hearings anddelivered to Fort Du~ ) There should he agreement on

gears
t imes per day and days per week that waste would be I S  Metal , such as steel plate or bar stock
accepted at the resource-recovery faci l i t y ,  and on the 14 Cables , such as stcvl cable, wire rope, electric
quantufies of civilian waste acceptable. For instance . uf w r e  longer than 4 ft or in coils or hales
Alternative F is selected, then 7 months of the year . 6 IS . (‘uunsui ruct run n demsu litmon materials , suc h asc(r n~Crete loundatuurns . concrete block , brick, demo-days week. appro xu matels 190 TPE) of civilian waste mu on and building debris
should be delivered. During the 5 months of lower stream 16 Miscellaneous ’ lure hose, large pieces of carpet .
demand. 6 days week. 160 I P1) should be delivered ra~rs , cloth, t ree limbs in excess of 4 it long or 4
There should be agreement on metho.ls and amounts of in in diameter , mattresses and bedsprings.
economic part icipation in the tnvestment and or operating 

_________

cost by the civilian communities in the resource-recovers Suite - Items I through 9 as defined in the 8 December
facil ity Note t hat Tables Ii and 13 used the assumplion 1975 I ansi I) i rp o c a i m f  Sum/ u? Barn’ Ope rational P/au
that the as h from the facility would be transported to the (Fsni’t [lii . 5.11
disposal cute by t he civilians as a means of sharing the
operat ing cost.

Note: any agreement between Fort I)ix and the civt lian Fable IS shows the inflation rates used uncomputingthe
communuty may have to conform to AR 4 I0- l2 .~ w hich inflated costs (and savings ) (or the alternatives. Table 16
governs t he sale and delivery of ’ government serv ices, s hows these costs in the format of Figure 2-3 , AR I I.2K.~

Table 17 is a summary of all alternatives.

5 ECONOMIC ANALYSIS
6 

CONCLUSIONS AND
RECOMM ENDATIONS

1)01) has prepared and disseminated short-ter m
abso lute escalation rates and long-term differential rates ConclusIonsfor fueIs~ t his report incorporated only computations using

The following conclusions are based on the analysis ofinflation rates.
alternative solid waste management systems for Fort Dix:

I. Energy-recovery incineration of wastes generated at
Fort Dix and McCiu ire A FB is technical ly and

‘Within Burlington County the responsible civilian agency is economically feasible (Alternatives B and C).the Office of Solid Waste Management Programs.
‘(, ‘,uluu ’ .u Contract . AR 420-41 (Department olihe Army, 1976).
‘Res’i.srd lumen ’ (‘mucers ’auon I ’ns ’e.ulmu’, l Program (ECIP).

Directorate of Facilities Engineering ((ICE). (lti lit,es Branch. ‘I~’mr,no mis - ,4na/i s,c 0,1(1 P) ’ogranr Fs’aiuaiio,n fi r R,’sr uurm ’i’S. A~rr,I 1977). tlannagi ’m.’,ui . AR 11-28 (Department of the Army. 1975.)
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Tahlt ’ 15

Basis of Economic Analyses

l)ntt of ( ’ ost Estimate: •Jun e 1977
First Year of Project Operation: FYNI

• l.cngth of Economic luife: 25 years
Midpoint of Construct ion: .J u ne I 9$()

Unit (‘oats and Escalation Rates for Recurring (Annua l) (‘oat Elements

Short .I,’rm ,ShMi,iui, ’ •:s r,• ipt ion Ruu t , ’ ~ Ku1n1 is’ ,ui,’ ,,i I .ong-term
R.’nu rr . ng 4 ‘.i,i 4 ‘ ..ni i’ .. Short -i ,’ rn l ~~~~~~~ 2’ m- s r I’S

~
: i,’nn ,’ni i5/ig~ j im I.’’175 i.’~’7ti I”’ s ’ 5tI I”’’i4i Muiii 1iIj,’~ m ”, .zsrI !ii,,iiii,ii,’r t

I .uhm ui  ‘I) (I f. (.~~ 6~~ I ‘9 ii ,i “‘4

( ‘umns i ru ic t u imfl S Ii Xl ) S ii - -  I 11’ ii ~l “ 14

Material 1 ii 66 6 5 6.5 3 .29 I) 9~

Maintenance lS’~ of Capital) 7 ,t) 6 6  6 5 6.5 I 29 I) 9 524
FucI oil (1.36 gal 160 161) 16( 1 16.0 I 81 go  ~ui ociu
F lcc iruc itv 1) 1)26 kWh I6,t) 6 t) 16.1) 16. 1) 1 8 1  — I) IX 049

Water I) SO k gal 5( 1 II SO 5(1 1.22 0 9

I’err.iuis meta ls ’ 26 it) ton 5(1 Ii 4) 5 0  I 17 0 9 5’4

~‘ehucle fuel I) ~S g. il 16 t ) 161 )  161) 161) I SI X I )  lii llSiu

Materials recla med I rumni wast e si rca m: tun ul aluie us net figure and cc s’lusfes (‘mist ol marketing
“ 1)FR us differential escalat ion specilied h~ 1)01) piulies
t PV multiplier from Naval Facilities Fng ineering (‘ommand (N ‘sVI ’A ( ’) l)iucumeni t’.442

28
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Table 16 -

Summary of Costs Considering Inflation
(All Cost. in Thousands of Dollars)

Altcrna tiv ’ B A lt prnMiv , C A lternati v, D A lternativ e F,

I. b lat PV of new investment (i.e.. funding
requirements) from Tables 6, 8. 10. and 12 2. 750 2.950 9.790 13 .100

2 Plus value of existing assets to he em-
ployed on the prolect -0- 4~ “0-

S I ccs value of existing assets replaced -0- -0- -0- -0-

4 . 1 ess discounted terminal value of new
investment ’ 90 97 322 431

5. Total new PV of investment 2,660 2,853 9,468 12 ,669
6. PV of cost savings from operations , from

Tables 7, 9. II . and 13 6.140 5.790 2 1.400 40.100
7. PV cost ot least ilwextmecsl altec ss’ative

(Table 4) 5.470 5,470 5.470 5,470
8. Differential savings for uest alternat ives

(line 6 plus 7) 11.610 11 ,261) 26.870 45.570
9. Plus PV of the cost of refurbishment or

modifications eliminated -0- -0- -0- -0-

10. Total PV of savings 11 .610 11.260 26.870 45.570
II. SIR (line 10 divided by line S) 4.36 3.95 2.84 3.60

12. Years to payback 4. 7 5.3 6.5 5.0

‘The terminal value is assumed to be 10 percent oft he first cost (line I) inflated at 5% yr (a multiplier of 3.39) times
the 25-yr discount factor of 0.097. For example, for Alternative B. line 4 2.750 X 0.1 X 3,39 X 0.097 = 90.
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Table 17

Summary of Characteristic s of Solid Waste 1)isposal Alternatives

Percent of Knerg..io-(’o,i
Fort las R~ tto t~~tiIton ~ at

t )e.cri ptio n of FYI” (‘st’i uu.i Fuel Oil Yeu r~ i mm

Aiie rnstfv , ’ Ai ie rn ,t lwe Sv .temn II~~ tj ng I~~~d t nve,t meni Si Cun,erved/ yri Psv hrn-k 51St

A Present practice: sanitary landfill .
38 ,600 tons of sotid Waste .  yr at
hurt l)ix. 5.~ 0 NA

H Mulitax y rcscn uicc- iccorers Iaeslit ’,
(RRF): f ive package uncineratuirs In
recover energy from 18 .600 tons of
military solid wastc (MSW ) vr: super-
stung capacity of 21 (88) Ihunisteam ‘hr 9 7 2,750.000 57 , 5 4. 7 s r

( 1 ( 151  14 36)
(‘ Military RRF’ one field-erected hsnikr

to recover energy from 18.648) tons of
MSW yr: operating capacity of 21 .000
lb o cleans tsr. to 1.950,000 5.59 S ) Sr

( 1. 10) (3 .95)1) Regional RRF: three field-erected
boilers to recover energy from 52 . 100
tons y r of military and civilian solid
w aste: cuperat~ng capacity ol 50.000 Its 7;5 2 6 5. ‘ur

of steam hr. 2 1 9.790,000 (2.30) (2541
F Regional RRF as above except

capacos of 73.9(8) io ns ~r of solid
waste and an operating capacit y of 42 7 5.0 yr
75,000 lb of steam hr. 35 13 .100,000 (3. 731 (3.60)

‘Each energy-recovery alternative (H through F) operates 24 hr-d ay .  6 days wk.

Metals recovery and energy recovery 1 m m  incineration 3. rhe second miss ) c o s t - e l l e c t t s ’ e  sol id W , u s t e

ol ’ civilian wastes from nearby communit ies and wastes management alternative is Alternative C. w hich involves
generated at Fort Dix and McGuire AFB are technically energy recovery from the combined waste of Fort Dix and
and economically feasible (Alternatives D and F). Mc(iuire AFB at Boiler Plant ~h$ l using a neW ly

constructed incinerator plant consisting of one f ield-
2. The most cost-effecti ve , technically feasible solid erected. waterwa ll incInerator rhe capital Investment is

waste management alternative is Alte rnative B. with a 9.7 $2. 95 million, t he PV savings is $5. 79 million, the SIR raluss
percent saving in annual energy consumption. Alternative is 3. 95.1.00 . and t he numbe r of years In pay hack the
B involves energy recovery from the combined solid waste investment is S 3. The energy-to-cost ratto is 55.9.
streams of Fort Dix and Mc6tiire AFB at Boiler Plant
5 881 . us ing a newl y constructed incinerator p lant 4. Alternative F is the most favorable method Irom a
c o n t a ining f ive  p a c k a g e - t y p e  c o n t r o l l e d - a i r  l’ue l oil conservation standptu int. wit h a 35 percent saving
incinerator boilers. Alternative B recovers energy from un annual energy consumption 11 involves energy’ recovery
waste but not metals: once the metals have entered the Irom the combined solid waste streams from nearby
waste stream, they cannot be economically recove red at a civilian communities and those of Fort Dix and McGuire
waste generation rate of 18.600 tons ,! year. Metals could be AFB. ‘ibis alternative would be a newly constructed
recycled by source separa tion , as noted in A ppendix B. The facility with three field-erected waterwall boilers. Ferrous
potential fuel oil savings is 1.05 million gal / year. The metals in the amount of 2670 tons year would he recycled.
cap ital investment required is S2.75 million (in FY80 Alternat ive F would conserve 35 percent of Fort Din’s total
dollars). the PV saving is $6.14 million, the SIR ratio is annual heating load, or 3. 73 million gal of luel nil
4.3611.00. and the number of years to pay back the Although it is the third ranked alternative from a cost-
inve stment is 4.7. The energy -to-cost ratio is 57.3. effective standpoint , it has an SIR of 3.60 ! I 00. l’he capi-
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tal investment required is $13. 1 million in FY80 dollars. 5. If either Alternative B or C us funded, investigations
the PV savings is $40. I million, and the number of years to should be undertaken to determine site-specific design data
pay back is 5.0. The energy-to-cost ratio is 42.7. (i.e., tons of waste per day and heating value of the waste)

and whether sufficient construction demolition lumber will
5. Continuation of landfilling of Fort Dix and McGuire be available to make incorporation of a shredder cost

AFB wastes at Fort Dix landfill (A’ternative A) is an effective.
acceptable procedure. but is more costly than energy-
recovery incineration. Alternative A has an annual cost of 6. If Alternative F is selected , a formal agreement
$445,000 in FY77 dollars, while the alternatives described should be made with the civilian solid waste management
above wou ld result in savings, representatives to assure delivery of appropriate quantities

and quality of solid waste. Note: because this agreement
6. The break-even point for a shredder for construction may have to conform to AR 420-4 1, any supporting

demolition lumber is 416 tons! year for Alternanves H and information should emphasize that the primary mission of
C’. Shredders are required as part of Alternatives D and F. the resource-recovery facility is to recover energy from

waste and provide that energy to Fort Dix: the secondary
7. Data from the wei gh survey and national average mission of the resource-recovery facility is to reduce waste

waste characterization were sufficient for the economic to ash. Emphasis should be placed on the fact that civilian
ana lysis. but are not adequate for engineering design waste would bea reso urce to Fort Dix . A R420-l4shou ld
calculations. be consulted when preparing the difficult technica l

portions of sales contracts, purchase contracts, and
8. Fort Dix should not use incinerator residue as a memoranda of understanding which would describe the

road construction material. As discussed in A ppendix B. quality of waste which is acceptable.
highway research concludes that use of incinerator residue
is in the experimental stage. and not proven to be an REF ERENCESacceptable or economic material.

Brink . J. A.. Indu.ctrj a/ Engineering and Chs’mis rrs ’ . vol 50.
R.commendatlons (1958), pp 654-8.

I. A resource-recovery facility should be constructed Building Construction Cost Data (Robert S. Means Co..
adjacent to Boiler Plant 5881. 3 nc.. 1976).

Decision.- Maker.r Guide in Solid Waste Ma,uagem.unt . EPA
2. The resource-recovery facility should either recover Guide SW-500. (Environmental Protection Agency,

energy from Fort Dix and McGuire AFB waste 1976) Table 36. p 96.
(Alternative B) or recover energy and metals from a Economic A na/is is and Program Evaluatio,u for Resource
combined military and civilian waste st ream (Alternative Manageme,,:, AR I 1-28 (Department of the Army.
F). Both alternatives are cost effective, Fort Dix may elect 1975).
either the least-investment alternative (Alternative B) or Empirical Co.rt Estimates for Mllitar i Construction and
the most fuel-conservative energy-recovery alternative Cost Adjustment Factor,c, AR 4 15-17 (Department of
(Alternative E)and achieve pay back in less than 5 years. It t he Army, 1975).
Is therefo re recommended Fort Dix prioriti ze fue l savings incinerator Statudard.s (Incinerator Institute of America .
vs project cost and implement the energy-recovery system 1970).
which best responds to these priorit ies. Incinerators , TM 5-814-4 (Department of’ the Army,

1959). para 8. p 3.
3. lncombustibles such as concrete, sand, steel from Land Disposal o/ ’SolId Waste Operational Plan (Fort Dix.

construction/demolition, and oversized bulky items, “self- NJ).
help” disposals, and incinerator residue should continue to Levy. S. 3., and S. A. Lingle, “A Review of Energy
be landfitted at Fort Dix, Recovery Technologies,” Waste Age (November 1976),

p. 26.
4. Metal recycling should only be incorporated in Mutuicipal I,ucineratio,i - A Review of Literature, No.

Alternative E, the energy-recovery incinerator plant which AP -79 (Environ mental Protection Agenc y , 1971),
uses bot h military waste (Fort Dix and McGuire AFB) and Appendix.
civilian waste from the surrounding communities. Metal Niessen. W. R.. and S. H. Chansky. “The Nature of
recycling would not be cost-effectn’e in the other Refuse .” Proceeding.c of the 1970 Incinerator Con-
alternatives. ference (America n Society of Mechanical Engineers,
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1970) pp 1-24. adjacent to each of the boiler plants , hut each location
h’o(’e.s.c P/tin t Constructi on Estimating and Esiginet ’risig offers a different potential fuel oil--and therefore cost--

Sga,,dard.c (Richardson Engineering Services. Inc.. savings.
1973).

Reese . R. 6.. The App lh ’atiosi of l) r ,  Scruhher.s i i ’  DeterminatIon of DesIgn Capac ity
Was te- Wood-Fire ,! Boilers , presented at Forest ‘to determine the fuel oil savings at each location , the
Products Research Society meeting. 3 September 1975. design capac ity of the proposed plant must first be

Ret ’i,s ,’d L’, iergi ( ‘(,, s .s , ’r i ’tj l i,,p i I?? %‘ i , s l ? H e f l f  Pro~ ra,,, established. TM 5—81 4—4 requires that capacity he provided
(ECIP). Directorate of Facilities Engineering (OCF). for 25 percent over t he average hou rly needs. ’ lahlc Al
Uti lities Branch (A pril 1975). shows the basic data required to find the design capac ity of

Ross Hoffman Associales. Eu’a/ uauj o,, of Small Modular a proposed incinerator plant to operate 24 hrs day. 6
Inemt ’rator .s in Munuipal P/a,,:.s . SW-I l  3C (Environ- days , week.
mental Protect ion Agency. 1976).

( ‘ ii lj , ie.c C’ontrac:. AR 420-4 1 (I)epartment of the Army, Table Al
1976). 

. . . Data Used in Calculating DeMign Capacity1+ a.cte 41 ater,al.s a.s a Pou’,,ttal Rep lacenu’,,t for Highis ’ai ’
Aggregates . Report 166 (National Cooperative High- 

11Pm V,i,j~’ t4ou rr,.
way Research Program, 1976). 

-

1)esign factor I 25 1 kl ~-SI4 -4
APPENDIX A: A sg weekl y Fort I)is retuse 204 tons ak ‘table 2
SELECTION OF IN CINERATOR PLANT 

~s g daily Fort Dis rrlusc 42 7 tons da’. table ILOCATION A N D  C A L C U L A T I O N  OF
FUEL AND OPERATION AND MAINTE- Avg dai ly Fort Dix and

NANCE SAVINGS McGuire Al- H refuse 74.9 tons da~ rable I

I)ays operation ak

Hours operat ion day 24 -.

Deicrlptlon of Locations
Boiler Plant 588 1 is located on New Jersey Avenue

between a motor repair shop on the west and a duck pond The tonnage per week lor the combined Fort l)ix and
on t he east. A barracks complex is located across New Mc6uire AFB waste stream is not given in Table Al  It can
.Jer sey Avenue to the nort h and NCO famil y housing is be calculated as being proportional to the weekl y Fort Dix
located south of the boiler plant The existing sanitary refuse:
landfill is approximately 1.1 miles away via New Jersey
Avenue. Pemberton Pointville Road. and Browne Mills Avg Fort Dix McGuire AFB weekly refuse
Road: disposal of ash and bulk y noncom bustible waste Avg Fort Di~ McGuirc AFK daily refuse
from this location is therefore relatively easy.

= 
Ava~~’eekly Fort Dix refuse

Boiler Plant 5426 is located on Avenue C just off south Avg daily Fort Dix refuse
Scott Plaza. The NCO Open Mess and swimming pool are to

t he west, an open area is to t he nort h, the Service Club isto Avg Fort Dix McGuire AF B weekly refuse
the east ,and Hipps Folly Pond istothe south. Boiler Plant 

— 
74.9 X 204 

—5426 is more centrally located with respect to waste — 

42. 7 
— 35 .8 tons

collection than Boiler Plant 588 1. hut the existing landfill is
3.0 miles away. This location is not acceptable to the Fort

The design capacity can then he calculated as’Dix Facility Engineering personnel as a site b r a  resource-
recovery facility. Therefore, no further consideration was 1.25 x 35” g 

~~~~ ‘week
given to this location. l)esign capacity

laundry Boiler Plant 5324 is located south of the ~~~ = 74.55 tons~day or 3 l tons hr
laundry between Annex Road and Reception Avenue in
what is considered to be the industrial area of Fort Dix. _________

‘Iucip,eraur ’. ‘TM 5-1114-4 (Department ol the Arms. 1Q59).
Sufficient space for an incinerator plant is available para N. p 3
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The energy available from refuse on an annual basis is: where
0.75 assumed efficiency of field-erected boiler
1.005 = factor to include heal value of auxiliary fuel

Annual energy = 357.8 tons/week X 1189.7 Btu lb steam = outlet conditions
2000 lb/ton )( 52 weeks/year X 147.9 Btu/ lb feed water = assumed inlet conditions.
5740 Btu ’lb

The oil potentially saved by a field-erected incinerator
= 21.35 X I0’° Btu/year adjacent to Boiler Plant 5881 would be:

However , for economic calculations , t he average of 20,640 X 24 hr. day x 5.66 days/week X i0 wecks/year
74.55 1 25 or 59.64 tons!dav was used with the heating 128.5 lb steam gal oil X 1.005
value of 5740 Htu lb (Table 3). 4

= 1.100.000 gal oil year
Fuel Savings Using Package Inciner ator

The amount of steam available from a package A!ri ’r,iatis ’e.s I) and F
incinerator burning refuse plus auxiliary fuel can be See Tables A3 and A4
computed as:

SummarySteam available =
Table AS summarizes the fuel savings for Alte rnatives B.

5740 Btu lb X 2000 Ib’ton )< 59 .64 tons day X 0.7 x I,~~ C. D. and F. Also see Table A6.
24 h r/ d a y X ( l l S 9 .7 —  I47.9) Btu/Ih

20.300 lb steam hr • Assume 2 weeks scheduled maintenance per year
w here
0.70 = assumed efficiency of package incinerator hoiler
1.06 = factor to include heat value of auxiliary fue l
1189 .7 Btu 1 lb steam = outlet conditions for 100-psig steam
147 .9 Btu lb feed water assumed inlet conditions at Table *2
180° F. Boiler Plant 58$l,

Average Monthly Steam Production and Effi ciency ’
Since the steam available from package incinerators is

less than the average steam production each month (see
Table A2). the “efficiencies” ca lculated the volume of the 

Month 
Tot :1 81ea Produetson

oil potentially saved by each alternative.
Dec 74 389 5 44 98 60,500

,4/zernatis ’e 8 Jan 75 438.4 50.37 67.7(11)
The oil potentially saved by a package incinerator 

Feb 7~ 367 4 4 1 89 62.400adjacent to Bouler Plant 5881 would be:
Mar 75 314 .0 43 711 58.800

20.300 lbIhrX24 hr/dayXS.66 days ! WeekXS2 weeks year Apr 75 279 3 ~7 52 52.100

128.5 lb steam/gal oil X 1.06 May 75 203.4 24 511 33.000

Jun 75 135.9 18.61 25.900
= 1.050.000 gal/year

Jul 73 158.6 22 14 29,800

,4lter,,oiis ’e C Aug 75 148.9 20 89 211.100

The steam available from a field-erected incinerator can Sep 75 148 .4 20 97 29.100
be calculated as: Oct 75 183.6 21. 21 35,200
Steam available = Nov 75 283.4 40.24 55.900

Totals 3,050 8 392.10
5740 Btu/ lb X 2000 IbJton X 59.64 tons/day X0.75 )( 1.005 _______

24 hr!day X (1189.7 — 147.9) Sw/lb • “Efficiency” of Boiler Plant 5881
392.I x IO’ .

~ 128.5 lIt s team /g al oil20.640 lb steam/ hr 3050.8 X 10’ 



Table *3

Steam Load and Steam Availabl e ~‘rom Waate , Alternat ivea 0 and E
(Average Pou nde Steam in Thou sand s/H r)

Steam I.oad Steam From W~~ ir

KIdg 5232 Hidg S2~,2 . A i(ern~ (jve I) A lt ernat iv e I”
Month £ .5S$i ~ssi . 4 .5426 50.N)o ib/hr( (75 .1Km ib/hr )

.IuIy ‘S 390 7 2 3  U. 2 57 $

Aug 36.6 1.7.6 293  54 I

Sep 18 4 65 11 3(1 7 526

Oct 44,0 7118 35.2 63.0
70 7  12 8 5 50 (1 750

Dec 94 2 165 7 500 75.0

Jan 71. II ’S I 201.1. 50.0 75.0

Feb 104 6 1114,4 500 75.0

Mar 90.9 163 . 2 500 75.0

911.0 156.3 50.0 75.0

Ma’. 55. 8 99. 9 44.6 75.0

Jun 311.0 75 5 30.4 60.4
Total 1459 .6 501.4 812.9
asg month 12 1.6 4 1.8 67 . ’

• lb of steam ‘ yr: present system = 121.6 ~ 10 ’ X 24 hr day ~ 365 days ‘ yr = 1066 X 10’
lb of steam. yr: Alt D = 41.8 X 10 1 

~( 24 hr ’day X 5.66 days week X 52 = 295.5 X 10’
lb of steam ’yr: Alt E 67.7 X 10’ X 24 hr ‘day X 5.66 days week X 52 478.7 X to’
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Table A4
Fuel and O&M Sav inga fo r AlternatI ves 0 and B

Given. Alternative 0 produces 295 5 X 10’ lb steam ’ vr (Table A~~)

Alternat ive F produces = 478. 7 ~ 10’ lb steam yr (Table MI
Cost to produce 10’ lb ‘.leiim;yr at Fort Dix $840
Boiler Plant 588 1 produces = 128.5 lb steam gal oil (Table A2)

Alternative 0--Fuel credit

295 5 X 10’ lb steam ‘yr 2.30 X 10 gal oil yr1211 5 lb steam . gal oil

Alternat ive D—O&M credit
295 5 ~ 10’ lb steam X $1140 tO’ lb steam X 1.07 = $265,600 ( FY77)

Alternative F--Fuel credit

~~~~~~~~~~ 10’ lb steam yr 
= - 10’ gal oil sr128 5 lb steam gal oil

A lte rnati~e E--O&M credit
478. ’ x to’ steam “ $840 10’ lb steam * I 07 $402 000 (FY77 )

Fuscal records revealed that the ~osi to operate and maintain Boiler Plants 5252.
5426. and 5881 was $840 per 10’ lb of steam produced in FY76, excluding fuel Costs.

Table A5

Summary of Altern ative s
Aiiernative 041 Saved/yr in ( a i

B 1 .050.000
C 1.100 ,000
1) 2.300.000
F 3.730.000

____
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Table A ’

Laundry Boiler Plant 5324 ,
Proj ected Average Monthly Steam Production

1 his table provides the data uscd to plot the laundry plant curve on Figure 2. The average monthly
steam production was proiected from annual ltjel consumption and daily steam production data (or
the lamily housing area proposed lo be supported by Boiler Plant 5324 on a 24 hr day. 1. days wk basis .
.ind the laundry facility to be supported 8 hr.’day. 5 days wk.

( ‘Ol.t MN A (‘OI.I’MN H (‘( II I’ MN (

Steam for Steam for T,,iat 1.1m m Sun,
Mo,,i h i’amii’. t toua(0 8 t ,aund rv I’t~ nt (‘ ..I A • t’oI H
06744 ’ ii, . liii lb ‘ Ii)’ ) Oh •

Ian 1(1,6 2 4.411 IS 10
Feb 8, 79 3 1(1 11.89
Mar 9,49 5 74 15,23
Apr 8. 79 2. 98 11 . 77
May 6 1.2 2.63 9 25
,lun 479 2.92 7 7 1
,lul 5 14 2. 40 7 ,54
Aug 4 .79 2 27 ‘.06
Sep 409 297 7.06
Oct 5.40 2 74 8 , 14

11.70 2 . 1.1 11. 3)
Dec 9,84 5 , 72 11,56

APPENDIX B: 3. Fraction of ’ ferrous metal recoverable: 0.95
POTENTIAL VALUE OF RECYCLABLE 4. Fraction ot aluminum recoverable: 0.6
MATER IALS AT FORT DIX 5. Estimated salue of ferrous metals: $26. 70 ton

6. Fstimatcd value of aluminum’ $165 ton.

Value of Recoverable Ferrous Metal and Aluminum The value of recoverable ferrous metal was determined to

The annual amount of waste collected from the was te he:

stream at Fort Dix was computed using the 204tons . week 0.038 X0.95 X I0,&)Otons vearx$26.70 ton $ IO,220 year
generat ion rate from Table 2:

The value of recoverable aluminum was found to be:
204 tons;week x 52 weeks/year = l0.600 tons ’ ycar O.OO7 X 0.6X lO .600tons yearx$ l~ 5 ’ ton r~$7 ,345 : year

The value of recoverable ferrous metal and aluminum in The amount of ferrous recoverable in Alternatives 0 and F
t he waste stream was calculated by applying the following waste stream are calculated as follows .
assumed fractions and values’ to t he annual waste
generat ion rate. Altern ative 0:

0.038 X 0.95 X 52.100 tons year I .880 tons ‘ year
I. Fraction of ferrous metal in waste stream: 0.038”
2. Fraction of aluminum in waste stream: 0.007’ Alternative F:

0.038 )( 0.95 X 73,900 tons year 2.670 tons year

Methods of Separating Aluminu m From Waste
Based on Defense Property Disposal data for part of the There is no known economical method for separating

calendar year 1976. a luminum from the waste stream when it is present in the
~~Based on data from Charleston . SC’. shredder facility. The .amounts estimate d in the preceding paragrap hs. If thisfacilit ies would have similar input restraints .
‘Dee ,cum- Makerc Guide to So/id Waste Managemv,ii . FPA relatively tow level of metals is to he recycled, the method

Guide SW-500(Fnvironmental Protection Agency(FPA) ). Table suggested is separation at Ihe source. Containers with
~~

. ~ 
%, highly visible signs should be located at the source of the
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metals: for example, containers for beer and soft drink method is used to calculate the investment , annual, and
cans should be placed at the Post Exchange Cafeteria. The total costs of a project over an economic life of 25 years in
containers would be emptied regularly, and the metal sold terms of current dollars. For annually recurring costs, the
through the Defense Property Disposal Office (DPDO). method considers inflation rates associated with individual
The DPDO should be contacted for a current or updated operation and maintenance (O&M) cost elements and a 10
market analysis prior to any sign ificant capital percent interest rate.
expenditure.

In the cost evaluation of the alternatives, each candidate
Use of IncInerator R~~ldu. ‘ project is considered alone. The costs associated with each
as a Road Construction Material energy-recovery system are the costs associated with the

Waste materials have been divided into four classes on complete waste management system of which it is an
the basis of their potential for highway use. Class I integral part . A system’s economic considerations include
material, which includes such wastes as blast furnace slag. all activities from waste generation to disposal of ash and
reclaimed paving material, fly ash, bottom ash, boiler slag, residue and the use of generated steam. Capital, annual.
and anthracite coal refuse, has max imum potential for and total PV costs of an energy-recovery system may be
such use. Incinerator residue is assigned to Class II, which greater or less than those costs associated with the current
includes materials either requiring more extensive waste management system.
processing or having less adequate properties than Class I
materials. Class Ill and Class LV materials have Less An energy-recovery system will often reduce or
potential value than those in Class I or II. eliminate O&M or capital costs incurred under the current

system. Increased capital expenditures normally required
Several cities have used incinerator residue in highway in energy-recovery systems are treated as debits , or costs.

construction. Tampa, FL. is presently using incinerator In the economic analysis of energy-recovery systems.
residue for embankments. Chicago. IL, haa used inciner- relatively substantial credits occur for avoided costs. For
ator residue as an experimental base course composition. example, when steam is derived from combustion of wastes
and Philadel phia. PA, has used it as an experimental in an energy-recovery system . a comparable quantity of
bituminous paving. fuel oil (or, in general terms. clean fuel) does not ha’veto be

used. The avoided PV cost of displaced fuel oil hence
All uses for incinerator residue in highway construction ‘ appears as a credit in the economic analysis of the system.

are currently experimental. Fort Dix should not consider When costs for all candidate systems have been
using incinerator residue as a road construction material established, a summary economic comparison is made
until incinerator residue is reported as an acceptable and according to procedures set fort h in AR 1 1-28. Candidate
economical material. waste management alternatives are compared to the least

investment Cost al ternat ive, and their respective

APPENDIX C: savingslinvestment ratios (SIRs) determined. The
recommended waste management alternative is usuallyMETHOD OF ECONOMIC ANALYSIS

AND BASIS OF CAPITAL COST ESTI- chosen by economic iudgment . based on the SIR, and

MATE FOR RECOMMENDED ENERGY- magnitude of required investment. Frequently, however,
an alternative wast e management system with relativelyRECOVERY SYSTEMS
unattractive economic aspects may be recommended for
reasons other than economic (i.e., legal, environmental,
political, antici pated mission changes, etc.).General

The general method of economic analysis follows Infor ,ne~~qi Sources
guidance set forth in AR I l_28. b 0  The present value (PV) Current procurement , installation, and construct ion

costs are obtained from manufacturers and vendors
whenever possible during contacts to obtain performance

‘Waste P4a:vrsaf t aa a Potential Replacement for Hi ghwai ’ Ag- characteristics and equipment specifications for capital
grega:e.c. Report 166 (National Cooperative Highway Research required in an energy-recovery system. Sources of
Program, 1976). investment cost information include Mean’s Mt/id/rig

‘°&o,,omie AnalysLt and Program Evaluallo,, for ~~~~~~~~~~ 
Construct/or, Cost Data. Richardson’s Process Plant

Management . AR 1 1-28 (Department of the Army, 1975). Cons:ntctso,, Estimating and Engineering Standards, and

S

A
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A R 4 15 - 1 7 . Investment co s ts tabulated for each and C. l)uring the limited survey. 2.6 tons day of lumbe r
candidate waste management alternative are installed from construction demolition was landlilled. 1 he lumber is
costs . To develop a budget est imate for an alternative ’s segregated at t he source and could eas’ y be diverted to an
tota l cap ital requirements . the sum ol the installed cap ital incinerator plant. However , t he lumber would have to be
cost is increased both by a location factor to account for shredded to be eflect ivel y incinerated.
reg ional economic differences, and by a tec hnological
updat ing factor. Each itemofcost includesthecontractor ’s The shredder considered for use .tt Foci l)ix is a low-
profit and cont ingency, capac ity (nominal 4 tons hr). (ow speed ( 1 2 rpm). and

low horsepower (40 hp) model. It ~ intended for use on

Manufacturers and vendors normally provide O&M pallet.s. crates , and construction demo lition only. It
requ irements. In cases when O&M inl’ormation is not shou ld not he conlused with the 40 tons ‘hr . 1000 rpm. 500
ava ilable from hardware sources , t hc engineering hp shre dders olten used ~o shred refuse.
rclercnces c ited above are used. Utilit ies cost s are provided
by the Facility Engineer at the site for which the study is I he t ’ollowing economic anal ys is was madetodetcrmin e
being executed. W hen possible. local labor costs are used, whet her a shredder would he cost efkcl ive’. The ana(\ s’s
W hen local labor costs are not readils’ available , labor w a s performed b r  two  situations: 2.6 tons day lumber
costs tabulated in l’ahle (‘I are used. To detcrminethc true b r  100 (lays ve ir , and 2.6 tons day b r  200 days year . A

cost of a worker to the employer , t he costs used include constant dollar analssis wa s  made l~rs t .  I he capital
1.296 times the emp loyee’s annua li,ed hourly wage (to investment for a shredder is ¶70.000. the maintenance
account for overhead, benelits. etc.) ¶3. 500~ Year and t he cost 01 required electricit~ ¶1 55 year.

L’he fuel value of the shredded wood b’or t he situation in
w hich lumber is asail able 100 days \ear was calculated as

APPENDIX D:
ECONOMIC MERITS OF A S H R E D D E R  100 days , year X 2.6 tons day X 4780 Btu lb

2000 lb ton X 0.7

1100 Btu lb steam X 122 lb steam gal oil
The following discussion applies only to Alternatives B

_________ 
12 .900 gal ~‘e ar.

ffia il dj , ( ‘ i ”tru, ri. , (‘oct Data, /9~~ (Roheri S. Means
Co Inc., 1976): Pro, ’, ss  Piou s (‘,,,,, lruil:, p Fcnma,in~’ a,,,,’ 

At ¶0.36 gal , the value of this fuel sas ings would he

E,, , er rj m,’ Ssan,Iard~ ( Richardson Engineering Serv ices . lnc~. $4644 year . Based on this amount, the PV was calculated
19711: ~m, ’iri ’aI C,’ .~,, Fc,in,alv ’, for Aiilhiar, (~ ,,,.%r rucr,o p, an,! to he:
(. .t ,4d/uc,nu’,u Fa,’wr c . AR 4 15-7 (Department of the Army.
1975) $4644 — (3500 -f 155) 989 X 8.933 = $8835

Table CI

Labor Costs Uaed When Local Costs Are Ilnava liable

Houriv Annu al Coat I..
.Joh Wa g~’ SI Wa5~ ($ Fmpi nwr r si

Plant manager 7 ~fl 15. 179 19 . e . 2
Shifl supervisor 6 70 I 1gM
Wei ghmaster 4,04 8.40Q 10,119$

Crane operator 4.95 10.2117 l3 .3t2
Shredder operator 464 9.654 12. 511
Maintenance personnel 4.95 10. 21(7 11.3.12
Helper. laborer 3.44 7.164 9.2114
Ash handler 3 75 7.797 10,105
Front-end loader operator 5 2 5  10.920 l4 .l5~Boiler operator 495 10.287 13. 332
Mat boiler operator 464 9.654 12.5 11
Stoker operator 4.64 9.654 12.511
Service personnel 4.4(1 9.151 1 1.1(N)
Truck driver 5.29 11.00 3 14 .261
Do,er operator 4 . 96 10.137
l andfill operator 4.64 9.654 12 . 511
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Thus, under these circumstances, the shredder would Table DI indicate that using a shredder for 2.6 tons davol
have a PV cost of $6 1 .165 ($70.000 — $8835). wood for 100 days/year is not cost effective, but incurs a

loss of ¶39.000 over the 20-year life of the shredder. Table
If the lumber is available 200 days .l year, the PV would D2 indicates that using a shredder for 2.6 tons ‘day of

be twice as much, or ¶17 .669. Based on constant dollars. wood for 200 days ,.’ year is cost effective, resulting in a
the shredder would have a PV cost of $52,30 1 ($70,000 — small savings of $28,000 over the 20-year life of ih.
¶ 17.699). shredder. The break-even point (shown in Table D3)

would be approximately 2.6 tons ; day for 160 days .
.
‘ year

Tables Dl . D2. and L~ were developed using t he or 4 16 tons year.
inflation rates discussed in Chapter 4. The calculations in

Table Dl

PV of Proposed Shredder With Lumber
From Construction Demolition Ava ilable 100 Days/Year

(‘OI.t ’MN A (‘Oi.t’ MN H (‘Ol .ITMN C ( ‘0 I .L ’ MN t) (‘OI.t ’MN F.

Annual PV Annual
(‘oat, Coat.

Fuel Col A — fl ia(’nun t (‘ol (‘
Proj ect O&M (‘redi( (‘ot iS Factor (‘oi l)

Year (CY7$t 45 ) (31 (5) ($1 (5)

3.655 4.644 — 91(9 0.954 — 944
2 3.838 5.1011 — 1. 270 0.867 — 1. 101
3 4.030 5 .619 -. 1. 589 0 7118 — .252
4 4.231 6.181 — 1.950 0.717 — 1.398
5 4 .443 6.799 — 2.356 0.652 — 1.536
6 4.665 7.479 — 2.814 0.592 — 1.666
7 4 .1198 11.003 — 3. 105 0.538 — 1 ,670
8 5.143 8.563 — 3.420 0.489 — I .r.”2
9 5.400 9.162 — 3.762 0.445 — 1.674

10 5.670 9.803 — 4 .133 0.405 — 1.674
II 5.954 10.489 — 4.535 0.368 — .669
12 6.25 1 11 .223 — 4.972 0 334 — 1.661
It 6.564 12.009 — 5.445 0.304 — ( .682
14 6.1192 12.850 — 5.958 0.276 — 1.644
IS 7.237 13 ,750 6.513 0.25 1 — 1.635
16 7.5911 14 .7 13 — 7. 115 0.228 — 1.622
17 7,978 15,743 — 7.765 0.208 — 1.615
18 8.377 16.843 — 8.468 0.189 — 1 .600
19 8.796 18.022 — 9,226 0. 1 72 — 1 .5117
20 9.236 19.284 —10.04$ 0. 1 56 — 1.567

Sum of PV annual cost —$30,869

PV savings = Sum of PV annual savings — capital investment
= 30.869 — 70.000 —$39,131

I
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Table D2

PV of Proposed Shrt’ddt’r With Lumber
From Constru ction Demolition Available 200 I)ays/Year

( ‘ OI.l M~~ A (‘OI,t MN H (‘Ol.t ’ MN 1’ ( ‘ O I . t ’MN I) (‘Oi.t M ’s F

Annual I’S Annual
( ‘oat. t ’ ,,ai .

(‘ol A — i)iar,,unl ( ‘ ,,t ( .

i’ro)eci ()
~~N ( ‘ redil ( ‘ .,g H Fa,’i,,r (~~ I)

Year I(’ Y71t ( is ) 5, Is , 54 (54

‘ 75$ 5.611 I) 954 5,374
2 3.11 1$ 0. 2 ) 7  — (‘. 379 0 867 5, 51))
3 4.030 11 .219 7.209 0. 7811 - 5 .6110
4 4.211 l~~0’t 11. 112 0. 7) ’  5. 1111
5 4.44 3 I3 .~ Q9 9.156 ((.652 —5 97 0
6 4.665 4.959 0.294 (1 592 —6 .094
7 4 .898 6.006 — 11.108 0. 5 1$ . 5.976
8 5. 143 17 . 1 26 ‘. 11 .981 0.489 —5 .860
9 5.400 18.325 12.925 (1.445 — 5. 752

tO 5.670 19 .6(18 - 13.9311 040 5 - 5.645
Il 5.954 20.911 I - 15.027 0.3611 - 5.5.10
12 6.25 1 22.450 -- 16 .199 0. 334 — 5, 4 1(1
II 6.564 24.022 -1 7 .45$ 0.304 — 5 . 307
14 6.892 25 . 704 111.812 02’ s. —5 .192
IS 7.237 27 .501 ‘ 20.266 0.251 —5 . 087
16 7,598 29.429 21 .1(31 ( 12211 -4 .977
17 7.978 3 1.489 21. 511  0 2011 —4 .8~~)
1$ 8,377 33.693 25 . 3 It. 0.1119 -4.71(5
19 8.796 36.052 - 27 .256 0.1 72 - 4.688
20 9.236 311.576 — 2 9 .340 0. 1 56 —4 .577

Sum sO 1W annual cOst —$911401

PV savings Sum of P~’ annual savings — capital investment
98.401 — 70.000 $28,401

j
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Table D3

PV of Proposed Shredder With Lumber
From Construction Demolition Available 160 Days/Year

(‘OLL~MN A (‘OI.t’MN K (‘Ol.I NN 1’ (‘OI.t ’MN I) ‘OI.IIMN F

Ann un i t’V Annual
(‘oat, ( oat.

I” u,’i (‘*1 A — t)ipcou ni (‘,,I ( ‘
Project naN (‘redO (‘at B Factor (‘at I)

Year 1CY761 (5) SI t$) Is )

3.655 7.430 1,775 0.954 — 3.602
2 3.838 8 ,173 4.335 0.867 3.75 11
3 4.030 . 8 .990 4.960 0.71111 -3 , 909
4 4.231 9.889 5.658 11 . 717 —4,057
5 4.443 10,1(78 6.43 5 0. 652 —4 ,196
6 4.665 11 .966 7,30! 0.592 —4 .3 32
7 4.1198 12 . 1103 7.905 0. 538 -‘4 .253
8 5.143 3 .700 8.557 0.489 —4 .184
9 5.400 14 .658 9,2511 0.445 — 4 ,121)

10 5.670 15.685 10.01 5 0 405 —4 ,056
II 5.954 16.782 10.82$ 0.368 — 1.91(5
12 6,251 17 .957 11. 706 0.334 —3.910
13 6.564 19.2 14 12. 650 0.304 —3, 846
14 6.892 20.559 13.667 0.276 -3 . 772
IS 7.237 2 1 .998 14, 761 0.251 — 3. 705
16 7.598 23.538 15.940 0.228 — 3. 614
17 7.978 25.186 

‘ 
17 .208 0.208 —3.579

IS 8.377 26.949 18.572 0. 189 —3.51 0
19 8.7% 28.835 20,039 0. 172 — 1,447
20 9.236 30.854 21.618 0. 156 ~~~~ . —

Sum of PV annual cost —$ 77 ,227

PV savings = Sum of PV annual savtnp — capital investment
= 77,227 — 70.000 = $7,227
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APPENDIX E: Op.ratlon
THE APPLICATION OF DRY Impaction is the Div Scrubber’s pr inciple of operation
SCRUBBERS TO WASTE-WOOD-FIRED and can best be described by referring to the operat ion of

BOILERS the cascade impactor measuring Instrument used by the
EPA . ot her regulato rs organizat ions , and le t t ing
laboratories to measure the si,e distribution of particulate

Introduction in gas streams. Figure E2 is a drawing of one type ot
cascade impactor which consists of a series, or cascade . ofThe Dry Scrubber is a new and unique application for

granular filtration recently introduce d to the gas cleanup 
target plates. The particulate-laden exhaust gas to he

field It remoses particulate (ram the gas stream in a dry 
sam pled is directed to each plate through decreasing-t&cd
noiiks or orifices. As the gas passes t hrough each no,zlc. itl’orm. utilizing a moving hcd 0 filtering media, and, in so
ach ieves a given velocity and, in seeking a path to the nextdoing, is self-cleaning while operating on a Continuous
nozz le, diverts around ~ts target plate. A particu late of abasis.
given s ize, and larger, has too much momentum to make
t he turn and impacts on the target. As the gas passes

DescrIptIon t h ough each succeeding noirle. it is accelerated to higherConceptually , and as shown in Figure El . t he system and higher velocity and. consequently. smal ler and smallerconsi~ts of a cy lindrical vessel containing two concentric . particu late impacts and is retained h~’ each succecdtnglouvered. cy lindrical tubes. The annual space between the target . By choosing the proper sire noirles . he size of t he
tubes is filled with pea-sized gravel media. The particu late-
laden exhaust gases enter the filter through appropriate particulate t hat is captured by each plate can he controlled

within very cIos~ limtts to measure very small part iculate--
breec hing and are distributed to the filter face by the we ll unto the submicron range.’2
plenum section formed between the outer louvered
cy linder and the vessel wall. Dirty gases pass through the
filter media at velocities ranging from 100 It) ISO ft mm The E)ry Scrubber consists of a thick bed oI pea-gravel
(de pending on the size of the particulate to be removed), type media and, as shown its Figure F3. can be envisioned
and t he particulate is removed from the gas stream by as a great number of s’ar ious-s ize d nozzles and target plates
impaction wi th  the media. Cleaned gases ex it ~~ 

formed by individual clusters of rocks , eac h ol ahich
downstream breeching or to the atmosphere through the collects paniculates by impaction.
ex haust duct formed by the extension of the inner louvered
tube. The simp licity of design, t he sell-cleaning, moving-bed

feature, and the stability and inertnes s 01 the filtering
l’o prevent a filter cake from forming on the face of the media and materials of construction of the Dry Scrubber

filter, and the resulting potential p lugg ing problems and ma ke it insensitive to fluctuating operating conditions. It
high pressure drop. t he filtering media are continuously, can operate efficiently over a wide range of gas flow ratcs
but slowly (1(04 ft hour). moved downward in plug flow, and is tolerant of sparks . temperature excursions in excess
The resulting churning action across each louver opening of 750°F, chemical changes in the gas and particu late.
prevents a filter cake from forming. To provide complete condensat ion during cold startup, as well as other upset
cleaning of the louver face, the louvers are designed so that conditions often encountered in field operation.
some of the media are pushed through each louver
opening, thus preventing any bridging and buildup of par- EffIcIency
ticulate material. Thc moving bed feature of the Dry Scrubber makes it

possible to adjust the efficiency, or out put particulate
The particulate-laden media are continuously removed loading, by simply regulating the filter media recirculation

at the bottom of the Dry Scrubber where they are cleaned rate, or for even lower output dust loadings, changing the
and transported to a bucket elevator by action of a size of the inexpensive filtering media. Either of these
vibrat ing feeder/screener. The cleaned media are then changes can be accomplished on the unit ‘as-installed”
conveyed to the top of the Dry Scrubber and via gravit~’ w ithsut affecting operating capacity or changing exiting
feed arc returned to the unit for recycling, hardware. A minor change in operating fan horsepower

will be required, however , to compensate for the slight
increase in filter pressure drop.

• Condensed (corn a paper presented by K G  Reese. Vice Pres &
Gen Mgr. Commercial Div. Combustion Power Co. Inc., Forest
Products Researc h Societ y Meeting, 3 September 1975 . Denver,
co. °Brink . .1. A., F,isl. Fng. Chem 50 a95st pp. 654-8.
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DRY SCRUBBER
(~~TENT PENDING)

~,,,/V”,• •  

~~~~ ~:\ ELEVATOR

A ~~ %a,’ 
7
? 

A

J
DETAIL A “: “ MEDIA

.
. .

-

~~~~~ CLEANLP

‘
~~~1

ASH

COMBUSTION POWER COMFY~NY, INC.
$346 WILLOW ROAD, MENLO PARK ,

CALIFORNIA 94025

Figure El. Dry Scrubber.
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SOLENOID
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____  — TARGET SUPPORTS
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ASSEMBLY DRAWING 
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OF A META L CAS - ~ ~~~~~~~~~~~~~~
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~~~~~~~~~~T~~~~2
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I/I
,‘p‘TO VACUUM PUMP

Figure E2. Cascade inipactor.
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Integral Cyclone unit was done at Combustion Power Compan~”s ((‘ PC i
A study of waste-wood-fired boiler operation has shown Menlo I’ar k . CA . Research Center to solve a particle

t here is heavy emission directly from the boiler, prior to emission problem caused by the fluid bed combuslors
any gas cleanup, and t hat a high percentage ol the being operated by CRC. This development led to testing
part iculate constitutes coarse, frangible. carbonaceous and the ultimate installation of a 365 sq ft t ) r~ Scrubber
mater ial. Typical installations utilize high-efficiency unit at Weyerhaeuser Compans ’s Snoqua lmie Fal ls
mec hanical collectors in the form of cyclones or l umber Mull. Snoqualmie Falls. WA. Thus sy stem IFugure
multiclones . To achieve high efficiency, high gas velocities F.7) has been in successful operation for more than one
are required to generate high centrifugal l’orces. ‘rhe ~‘ear , operat ingat a mean iilter gas ve loc itvo l 150f f min .a
combinat ion of ’ high velocity and high force on the gas flow rate of 55.000 acf ’m at O~r to 35O~ F. and a lifter
part iculate at the cs’clonewall causes breakup and grinding pressure drop of 5 in. of H .0 while maintaining average
ol the coarse particulate. This action generates fines, thus outlet loadings of 0.05 gr dry standard cu ft.
compounding t he emission and final cleanup problem. If

Since t he ins ta l la t ion at Snoq uaf muc Fal ls . ant his coarse material can be removed with minimum
breakup, not only us it better suited for re- infection back appreciable amount ol testing has been done on wood-

waste-fire d boilers, recovery bo ilers , and lime kilnsinto the boiler as a usable fuel, hut t he final gas cleanup
problems w ill be reduced. utili,ing a portab le. recirculating l)r~ Scrubber Field Test

llnut ( Figure FX). From the results of t  h~se tests , contract s
hate been let for full-sized Dry Scrubber installations byThe configuration of the Dry Scrubber lends itself to .various com panies for more than I million cu ft of gas.incorporat ing a low energy integral cyclone around the

outside wall of the Dry Scrubber, t hus enabling common lest results for a t’,pucaf wood-wa ste- lured boiler
support structure, minimal ground area, and co~smon installation are as fo llows :
breec hung to be used f ’or the combined integral cyclone t)rv
Scrubber unit. Figure E4 us a schematic o the integral E.ocation: Southeast (‘ nited States
cyc lone unit . Figure ES is a general arrangement dra~~ing Date Tested: .lanuary 1975
of an 800 sq ft lifter area modular Dry Scrubber unit , and Test Data: See Table F I
Figure E6 is the same basic unit incorporating the infegral Fquipmeni 3 each. Integral Cyclone l)rv Scrub-
cyc lone. Fach of these units has a capacity of 80.000 to on Order: her u nits , Model No. I)S-800C,
100.000 acfm and will handle exhaust gases of up to 750° F. rate d at 300.000acfm at 750° F. to he
Sma ller units are available and. to gain higher capacity, used in place of existing multicloncs
modules are added together without limit, upstream of air heat exchanger and

I.!). fan.
D.velopment TestIng Boiler Operat ion: Moving grate. Combination wood-

The development and initial testing of the Dry Scrubber Waste and fuel-oil fired.
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DRY SCRUBBER
(WITH INTEGRAL CYCLONE)

( PATENT PENDING)

1 ELEVATOR

_  

-

A ‘

~~~~~~ A

DETAIL A 

:..

MEDIA
____ CLEANUP

COMBUSTION POWER COMPANY, INC.
1346 WILLOW ROAD, MENLO ~~RK,

CALIFORNIA 94025

Figure E4.~’ i~~â~r~ cJan. unit.
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COMBUSTION POWER COMIWIY, INC.
346 WILL.OW ROAD. MENLO PARK,

CALIFORNIA 94025

Figure E5. Modular Dry Scrubber (800 sq ft filter area).

4$

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-



• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

t3
~~~~L~~~~~~~~~~~~~~~~~~~~~~~~~

’

______ El’.58 ’3’ 
PLAN VIEW

U a 
26bOM (5) 

1 
______

200’ ?~~ 
—

~ii~14i~_ 2 0 ’ (5)

_ _  
~6-L~L ’ i

___

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~ j FOUNDATION PLAN
V \V NOTE:
1 I. Dro~nng not to scale
I I \~ 2. Installod weight, cpprox . 250,000 lbs.
/ / \\ 3. Nominal—Opt~onaI I3cotions availableIf W 4. MinImum

‘f 1 5. Minimum Foundation Envelop.
6. Mean F~Iter Area • 600 square ft.
Z Required when exhausting directly to

— 
i .X ._  atmosph re

ELEVATION V IEW
COMBUSTION POWER cOMPANY, INC.

1346 WILLOW ROA D, MENLO P1sR~
(,

CALIFORNiA 94025

Figure E6. Modular Dry Scrubber with integral cyclo ne.
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