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~~estimated cost of establishing (1) a Federal resource-recovery facilityor (2) a regional resource-recovery facility . 
.~ ~~~~~~~ ,

.
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When a Federal resource-recovery facility which used solid waste
generated by Federal facilities only was considered , Itwas determined )
that energy could be recovered at a rate of 19.0 x 

~~~~~~~~ 
Btu/year. The

capital investment was estimated to be $8.5 million In FY82 dollars and H
the Savings to Investment Ratio (SIR) was estimated at 0.8/1.0, wI th a
payback period of more than 25 years. Because the SIR was less than
1.0, thi s study concluded that a Federal resource-recovery facility was
not economical and should not be ~ursued.\..

The regional resource-recovery facilit’~ s considered In this study
used a processed solid waste known as refuse-derived fuel (RDf) produced
at the Charleston County Shredder Facility (CCSF). Waste from both the
civilian community and Federal facilities , currently being shredded at
CCSF and landfllled nearby , woul d supply the proposed facilities. It
was determined that energy coul d be recovered at the rate of 77.8 x
1Q10 Btu/year. The capi tal Investment was estimated to be $14 million
In FY82 dollars. Based on a cost of $3.00/ton (FY82 dollars) for RDF ,
the SIR was calculated to be 1.8/1.0, wi th a payback period of 5.5
years.

Charleston County would real i ze an increase in revenue of $260,000
(FY82 dollars ) based on the sales price of $3.00/ton for RDF.

This study recommended that a regional resource-recovery facility
fueled by RDF purchased from CCSF be built at the Charleston Naval Ship-
yard complex.

If the recommended facility cannot be established , the present
practice of using county facilities for the disposal of Federally gener-
ated mixed solid waste shoul d be continued .
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SUMMARY

OBJECT IVE

The objective of this study was to determine the technical and
economic feasibility of resource recovery (both of energy and materials)

• at a single resource-recovery facility in the Charleston, SC, Standard
Metropol itan Statistical Area (SMSA). Two types of resource-recovery
facilities were considered: (1) a Federal resource-recovery facility
which woul d use waste from Federal facilities only, and (2) a regional
resource-recovery facility which would use processed solid waste gener-
ated from both the civilian community and Federal facilities.

SOLID WASTE GENERAT ION

Thi s study determined that an estimated 114 tons/day (5 days/week
basis) of solid waste are generated by Federal facilities wi thin the
Charl eston, SC, SMSA. The energy available from Federal facilities
alone is 10 x 108 Btu/day. The Federal facilities considered part of
the SMSA are: Charleston Naval Shi pyard Complex; Charleston Air Force
Base; Naval Weapons Station and Missile Facility ; Naval Regional Medical
Center; Charleston Army Depot; the Veterans Administration (VA) Hospi-
tal ; the U.S. Coast Guard; and the General Services Administration.

CURRENT WASTE DISPOSAL OPERATIONS

Solid waste generated at the Federal facilities located in the SMSA
is col l ected and haul ed to the Charleston County Shredder Facility
(CCSF) or to landfills operated by Charleston and Berkeley Counties.
The Charleston County l andfill is nearly at capacity and another, more
distant l andfill will have to be established soon. The present cost to
col lect and dispose of mixed solid waste (MSW) generated by Federal fä~ 

•.

d u t i e s  in the Charleston SMSA is $704,000/year.

ENERGY-RECOVERY ALTERNATIVES

One energy-recovery al ternative was eval uated using only solid
waste generated from Federal facilities. Two al ternatives were eval u-
ated using solid waste generated from both the civilian community and
Federal facilities. In the latter al ternatives, waste from Federal fa-
cilities will be haul ed to CCSF ; shredded waste from CCSF will be pur-
chased for use in a Federally built and owned energy-recovery facility.
The costs and energy-recovery potential of three alternatives were then
rated against the costs of landfill lng waste -- the present waste dis-
posal method.
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Of the three energy-recovery al ternatives eval uated , all empl oy
site-erected waterwall furnaces. The initial handl i ng of waste Is by
front-end l oader. The material Is fired on a double reciprocating grate
stoker. Quenched ash Is stored unti l Its removal to l andfill.

For all al ternatives , the recommended pl ant location is adjacent to
the proposed refuse segregation , holding, and processing facility near
the intersection of Hal sey Street and Bainbridge Avenue , at the Char-
leston Naval Shi pyard. Steam is piped approximately 4000 ft to the ex-
isting main header near the corner of Hal sey Street and Hobson Avenue .
In accordance wi th NAVFAC Doct~iient P-442,

1 the present val ue (PV) method
of economic analysis was used. Short-term and l ong-term differential
escal ation rates used are as specified by DOD pol icy.2 A discount rate
of 10 percent was empl oyed. Analyses were carried out for a project
economic life of 25 years (FY82 to FY07). Table A summarizes the
economic analysis of the four al ternative resource-recovery systems.

Al ternative A: Continue Present Practice

This is the basel i ne alternative against which the costs and bene-
fits of resource-recovery alternatives were compared . Present and pro-
posed county facilities are adequate to accommodate future waste gener-
ation over the l ong term. This al ternative requires no major capital
investment. The 25-year PY cost of this al ternative Is $9,880,000, in-
cluding contracts, collection costs, and di.snp fees. However, there is
no energy recovery wi th this al ternative. Charleston County presently
landfills the ROF produced at CCSF.

Al ternative B: Federal Resource-Recovery Facility

This al ternative includes two site-erected waterwall incinerators
to fire shredded solid waste generated by Federal facilities in the
Charleston , SC, SMSA. Steam production will be 60,000 lb/hour . Oper-
ation will be two shifts/day , 5 days/week , al l owi ng the remainder of the
week for maintenance and peak load processing. Approximately 26.2 x
1010 Btu/year will be conserved by processing 23 ,000 tons/year Federal
solid waste. This Is equival ent to 16 percent of the heat distribution
system at the South Yard of the Naval Shipyard Complex and site of the

1 
~~~‘nomic ’ Ana lz,iais Handbook , NAVFAC DOCUMENT P-442 (Naval Facilities

2 Engineer ing Command , 1971).
Revised Energy conservation rnvestment ~~~~~~~~~ DOD telegram 17 Apri l
1977; conmiunication to the U.S. Army Construction Engineering Research
Laboratory (CERL ) from Di rectorate of Facilities Engineering , Office
of the Chief of Engineers , Washingto n , DC, 17 April 1977.
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proposed resource-recovery facil i ty . Compared to baseline Al ternative
A , this system has an SIR of 0.81 and a corresponding payback period of
more than 25 years. The requi red Investment Is $8,500,000 (FY82 dol —
lars).

~L~~~~~t !at~~~~~~~~~~~~cov en Fac1l1~~~ Leve l I
This alternative Inc l udes two site-erected waterwa’ll inc i nerators

firing coarse-shredded , ferrous-depleted solid waste. Material will be
recei ved from CCSF on an “as requi red” basis to meet the steami ng re-
quirements. Steam production wil l be 160,000 lb/hour . Operation wil l
be two shifts/day, 6 days/week , allowi ng the remainder of the week for
mai ntenance and peak load processing . ApproxImatel y 62.6 x
Btu/year will be conserved by processing 69,900 tons/year of Federal and
civilian solid waste. This is equivalent to 41 percent of the annual
heating l oad of the heat distribution system at the South Yard of the
Naval Shipyard Complex and site of the proposed resource-recovery facil-
ity. Compared to basel i ne Al ternative A , this system has an SIR of 1.30
and a corresponding payback period of 13 years . based on a purc hase cos t
of $3.00/ton for RDs~. The required investment is $13 ,900,000 (FY82 dol-
lars) .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . . ~ vJJ~L - •

This al ternative inc l udes two site-erected waterwal l inc i nerators
to fire coarse-shredded , ferrous-depleted solid waste . Material wil l be
received from CCSF . The operation wil l be similar to Al ternative C;

• however , there wi l l be more operational hours per week and a l ower
steaming capac ity (150 .000 lb/hour). Operation wi l l  be three
shifts /day . 5 days/week , al l owi ng 2 days for maintenance and/or peak
load processing. ApproxImately 77.7 * 1Q~~ Btu/year wi ll be conserved
by processing 86.800 tons/year of Federal and civilian solid waste.
This Is approximatel y 51.) percent of the annual heating load of the heat
distribution system at the South Yard of the Naval Shipyard Complex and
site of the proposed facility . Compared to basel ine Al ternative A , this
system has an SIR of 1.86 and a corresponding payback period of 5.5
years , based on a purchase cost of $3.00/ton for RDF . The required in-
vestment is $14,040,000 (FY82 dollars) .

CONCLUSIONS

This study shows that it Is technically feasible to recover energy
from solid waste in the Charleston , SC. SMSA.

6
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It was determined that a Federal resource-recovery facility (Al ter-
native B) is not economical and should not be pursued.

The regional resource-recovery facility , Level II (Al ternative 0)
Is the energy-recovery system wi th the best SIR; it fires waste in a
plant equipped wi th two site-erected waterwall inc i nerators, wi th the
steam furnished to the existing steam distribution system. Waste woul d
be shredded and ferrous-reduced at the existi ng Charlesto n County Shred-
der Facility. Al ternative D will conserve approximately 77.7 x 10’°
Btu/year of fossil fuel . Based on a cost of $3.00/ton for RDF , the SIR
is 1.86 and the payback is 5.5 years. The capi tal investment is
$14 ,040,000 (FY82 dollars) .

RECOMMENDATIONS

The Navy should determine the willing ness of Charleston County to
deliver shredded waste (RDF) to the proposed facility. The cost per ton
of the RDF shoul d be mutually determined; the projec t shoul d be
economically viable if the RUF cost is less than $15.31/ton (FY82 dol-
lars) .

If the discussions wi th Charlesto n County resul t in agreement , then
the Navy shoul d build a resource-recovery facility to produce steam from
RDF at the Charlesto n Naval Shipyard Complex. The facility should con-
sist of two fiel d-erected waterwal l incinerators , each capable of pro-
ducing 75,000 lb steam/hour.

If the discussions are not productive , Federal facilities in the
Charleston SMSA should continue wi th their present practice of disposing
of waste at county-operated facilities.

7 
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I NERGY RECOVERY FROM SOL iD WASTE i N THE CHARLESTON , SC , SMSA

I INTRODUCTION

BcTIck~round

Department of Defense ( DOD ) Directive 4 165.bO ’ requires that stud-
it~s be math’ to determine the feasibility of estab lishing single re-
source-recovery faci lities wi thin certain Standard Metropol itan Statis-
tical Areas ( SMSAs) of the United States. The Navy was the Federal

• Agency responsible for conducting the study of the Charleston SC , SMSA ;
• the study was initiated by the Southern Division , Naval Faci l i t ies

Eng ineering Command , at Charleston , SC.

The Federal f ac i l i t ies  within the Charleston , SC , SMSA Include the
Char leston Naval Shipyard Complex (Including the Naval Station and Naval
Supply Center ) . Charleston Air Force Base ; the Naval Weapons Station
( and Polaris Missile Facil i ty); the Veterans Administration ( V A )  Hospi-
ta l; the Naval Regional Medical Center ; the Charleston Army Depot; the
U.S. Coast Guard ; and the General Services Administration. The locations
of these faci l i t ies are shown in Figure 1.

Obj ect iv e

The obj ect ive of this study was to determine the technical and
economic feasibil i ty of resource recovery (both of energy and material s )
at a single resource-recovery facil i ty In the Char leston , SC , SMSA. Two
types of resource-recovery fac i l i t ies were considered : ( 1)  .~ federal
resource-recovery faci l i ty which wou ld use solid waste f rom Federal fa-
c i l it ies  only and (2 )  a regional resource-recovery fac i l ity  wh ic h would
USC processed sol id waste generated from both the c iv1l1~ n community and
Federal faci l i t ies.

~PP!~4ch
This study compr ised several steps:

1. A meeting with representat ives of the Federal fac i l i t ies to t’x-
plain the requirement for the feas ibi l ity study and to request the as-
sistance of the agenci es in supplying the required data for the study .

:~ ‘ ‘
~~:‘ .:;. t ‘~ .‘ . • : • ~‘! ~: ‘~~ ,‘ , :~, 

~
•.•, ~

‘ • , ~~~~

. ‘
~~~~~~~ ‘~~“ : , DOD Directive 4 165.60 ( DOD . October 19/b ) .
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Figure 1. Federa l Facilit ies in the Charleston , SC , SMSA.
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2. A meeti ng th representatives of the Charleston County Heal th
Department to disci preparations for the study and to consider possi-
ble i nteraction wi the existing Charleston County Shredder Facility
(CCSF).

3. Data collection on energy loads , waste generation rates , and
waste collection and di sposal costs from the participating Federal agen-
cies.

4. A review of resource-recovery technol ogies , such as refused-
derived fuel (RDF ) production , energy - recovery inc ineration , pyrolysis .
and biological conversion which coul d be applicable to the Charleston ,
SC, SMSA.

5. The technologies determined applicable were then ranked and one
technology selected for economic analysis.

6. Three alternative methods of implementing the chosen technology
were devised.

7. Economic analyses were performed on the three al ternatives pl us
a fourth al ternative which represented the status quo; the al ternative
with the highest saving s investment ratio (S iR ) was then recommended for
implementation.

15 
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2 DESCRIPTION OF PRESENT OPERATIONS

This section describe s the present operation of:

1. Federal solid waste col lection and disposal practice.

2. Heating system s and steam load , including the Building 32 heat
distribution system at the Naval Shipyard Complex.

3. CCSF .

• Present Federal Solid Waste Collection and Di sposal Practice

Each Federal facility in the Charleston SMSA is responsible for
managing its own solid waste col lection. Each facility ’ s solid waste
generation rates and annual cost of waste col lection and di sposal are
listed in Table 1; data were supplied by the respective facilities. The
energy avai lable from the solid waste is given in Table 2. The energy
avai lable from the solid waste generated by the Charleston SMSA instal-• lations was calculated by multi plying the quantity of waste by the heat
val ue of the particular waste stream (Table 2) . Energy data for the
Naval Shipyard Complex , Naval Weapons Station and Missile Facility , and
the Naval Regional Medical Center were adjusted to account for future
recycl ing of high grade office paper. Table 3 presents the trans-
portation requirements of the existing waste disposal system at each in-
stallation. The mileage used to compute the ton-miles per year is from
each facility to the CCSF .

Charleston Naval Shipyard Complex uses Government employees to col-
lec t solid waste from the facil i ty ; a contractor collects the solid
waste from family housing areas. Was te is transported to CCSF for dis-
posal . Bulky waste * is disposed of at a “bulky landfill ” designated by
Charleston County .

The Naval Weapons Station and Missile Facil ity employs a contractor
to collect and transport its waste to the Berkeley County landfill at
Monk’ s Corner , SC.

Other Federal facilities , including Charleston Air Force Base , the
VA Hosp ital . the Naval Regional Medical Center , Charleston Army Depot ,
Coast Guard , and the General Services Administration all employ con-
tractors for waste col l ection and transportation. CCSF is the disposal
poi nt.

~BU1ky wi~te , as used here , is waste specified by the management of
CCSF as not acceptable to their shredder facility .

0
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2. A meeti ng wi th representatives of the Charleston County Health
Department to discuss preparations for the study and to consider possi-
ble i nteraction wi th the existi ng Charleston County Shredder Facility
( CCSF).

3. Data collection on energy loads , wa ste generation rates , and
waste col lection and disposal costs from the participati ng Federal agen-
cies.

4. A review of resource-recovery technologies , such as ref used-
derived fuel (RDF ) production , energy-recovery incineration , pyrolysis,
and biological conversion which coul d be applicable to the Charleston,

• SC, SMSA.

5. The technologies determined applicable were then ranked and one
technology sel ected for economic analysis.

6. Three alternative methods of implementing the chosen technol ogy
were devised .

7. Economic analyses were performed on the three al ternatives pl us 
•

a fourth al ternative which represented the status quo; the al ternative
wi th the highest savings investment ratio (SIR ) was then recommended for
implementation. -
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2 DESCRIPTION OF PRESENT OPERATIONS

This section describes the present operation of:

1. Federal solid waste collection and disposal practice.

2. HeatIng systems and steam load , including the Building 32 heat
distribution system at the Naval Shipyard Complex.

3. CCSF .

Present Federal Solid Waste Col lection and Disposal Practice

Each Federal facil ity in the Charleston SMSA is responsible for
managing its own solid waste collection. Each facility ’ s solid waste
generation rates and annual cost of waste col lection and disposal are
listed in Table 1; data were suppl ied by the respective facil it ies. The
energy avai lable from the solid waste Is given in Table 2. The energy
avai lable from the solid waste generated by the Charlesto n SMSA instal-
lations was calculated by mul ti plyi ng the quantity of waste by the heat
val ue of the particular waste stream (Table 2) . Energy data for the
Naval Shipyard Complex , Naval Weapons Station and Missile Facility , and
the Naval Regional Medical Center were adj usted to account for future
recycl ing of high grade office paper. Tabl e 3 presents the trans-
portation requirements of the existing waste disposal system at eac h in-
stallation. The mileage used to compute the ton-miles per year is from
each facility to the CCSF .

Charleston Naval Shipyard Complex uses Government empl oyees to col-
lec t solid waste from the facility ; a contractor col l ects the solid
waste from family housing areas. Waste is transported to CCSF for dis-
posal . Bulky waste* is disposed of at a “bulky landfill” designated by
Charleston County .

The Naval Weapons Station and Mi ssile Facility employs a contrac tor
to collect and transport its waste to the Berkeley County landfill at
Monk ’s Corn er , SC.

Other Federal facilities , including Charleston Air Force Base , the
VA Hospi tal , the Naval Regional Medical Center . Charleston Army Depot,
Coast Guard , and the General Services Administration all employ con-
tractors for waste col l ection and transportation. CCSF is the disposal
point.

*Bulky waste, as used here, is waste spec i fied by the management of
CCSF as not acceptable to their shredder facility .

16
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Table 2

Energy Available from Federal Waste Stream - Annual Basis

Energy
Federal Solid Was t e Oata * Ay~1libl~

Instal la tion ~ton/yr) ~~~ (Btufyr) x 10 0)

Naval Shi pyard Complex (to CCSF ) 9,942 A 13.33k

Naval Shipyard Complex (5,003)~ N.A . - 0 -

(to landfill)

Naval Shipyard , t amd y Housing 1,976 A 1.75

Charleston Air Force Base 6,032 8 7.46

Naval ~~apons Station A 4~056 C
Miss ile Facility

Naval Regional Medica l Center 780 0 0.89

Charleston Army Depot 450 0 0.65

Subtotals 23,236 27.98

VA Hospital 832 D 1.03

Coast Guard 320 0 0.40

General Serv ices Administrat ion 290 D 0.42

Subtotals 1.85

Totals 24,678 29.83

‘Key to sources of unit heat value data

A: Hathaway. S.A . and A .N. Collishaw . k’ter~y Re.~’overy fr ~’ ScUd Waste at
NavaZ $hi~’~~,’.i, ~1aarZestan, S~, Technical Report E-l00 (March 1977).
B: Estimated by authors to be same as A above , based on visual classification .
C: P ’:z: i. ’r ~’:,: .4P1 , ?7~~ 18 ‘f .~‘Z Zd ‘ ‘ l ’  L’’! ~‘< ‘t t~~P1 , Pitlp .)$fli , .v,d Resource

‘,‘;S ’r •~ :~ it , ”i. i ‘1’ ~~ V.~t’a~ W,’i~~”ts : t,fl : “ , Char iesto,i , X (Engineering—
Science Inc., Septenter 1976).
D: Usually estimated .

~Thfs tonnage is not lnclud ~d in the totals. It Is bulky waste hauled to
a special county landfill area for disposal because It Is technically
Infeasible to shred It at CCSF. This material will not be available as
an energy resot rce In any sytem using existing county shredding capabilities .
tincluded a reduction to correct for future recycl ing of high grade office
paper.

p
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Table 3

Trans por ta ti on Da ta of Presen t
MSW Disposal System

Ton-mi l es4
Instal lation ;vr

Naval Shipyard Complex

t’harleston Air Force Base 6t~,4OO

Nav~il Weapons Station and Missile F.~cilit y ~~.~k1O

VA Hospital I .w~O

Naval  Regional Medical Center 4 ’ ’~~

Charleston Army Depot 5. 400

Coast Guard 640

General Serv i ces Administrat ion 5~O

* Thi s data represents the one-way distance mu ltip lied by the annu a l  l oad carried.

p
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Is. i s t i n~ ~eder.~ 1 Heati n~ System s and Steam Loads

charleston SNSA Federal fac i l it ies  were surveyed to detennine an
energy market load) for the 29 s E Q ”  t~tu year (Table .‘l ava i lab le from
Federally generated waste. The survey indic ated that there are three
major Federal energy loa d s i n the Char leston , SC area: the Mr Force
Base , the Naval Weapons Station and Missil e Facility, and the Naval
Shi pyard Comples. .

Charleston Mr Force Base is  a large energy ust’r~ its need , how-
ever , is not consistent throughout the year , as it has a low suniner
load. Theretore only a traction of the energy recovered from waste
co uld be u t i l i zed  by th is  f ac i l i t y .

The Naval Weapons Station and M i ssile Fa cility ’s Building 316 has
an energy load of onl y 3,.’t’ s. 10 k ” t~tu~~ear; since this is sign iti — —

can t l y less than the estimated .~~~ s. 10 ’ Btu -year from a resource-recov-
ery facility , it is not considered a viab le load .

The Naval Shipyard Comples. Boiler Plants 3.~. 1.’3. NS.~. an d 44 have
a combined load of 11 ‘~ s. Rl ~1tu• year. ” With .“~ x 10 “ Btu year a v a i l  -
able from waste , th~ Nava l Sh i pyard Comples. is a v iab le steam load .

The Build ing 3~’ heat distribution system has the largest capacity
of all the Naval Sh i pyard Comples. boil er plants. It has five coal-t ired
boi lers. The Comples. has several other boiler plants of special Inter-
est : Buildings 123. NS2, NS44 , and Bachel or Office,’ Quarters (BOQs) 5
and D. These are smaller , oil fired , an d are located i n the Sou th Y ar d
of the Complex. The Navy has a project in the plannin g and budgeting
stage to inst all a ste~n l ine to connect Building 3.~ to the distributionlines of the boiler pl ants at Bui lding s 1.~3, NS2 , NS44, an d BOQs ~‘ and
b. While construction has not begun at this writ ing , for the purpose of
this study the steam hne is considered as existing . The phrase “Bu il d -
ing 3~ system ” used hereafter refers to the Building 3.’ system as
es.tended to the South Yard of the Comples. which serves Bui lding s 3.’,

Personal cou~nun1cation with Mr. L. H. Manseau , Chief , Eng i neering and
Construction , 43 ’ C iv i l  Eng ineering Squadron , Charleston AFB . .‘‘ April

Calculated f,’om .‘ years of load data presented in
~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ •:r• .. ’..1 -S . . - •

~~‘, •~~
•‘~

(Eng ineering Sciences , Inc .
b 

1Q ts ), pp VI-. ’.
Calculated from .‘ Years of load data presented in :‘~~:~~~ ‘~

- . : ‘~
• : .  V.: :’.:. :“:: : .  .: • ~~~~~ ,-

~~ f , ” : , t R.  S. Noonan , Inc ., Apt’l 1
IQ7b), p A13.

p
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123 . NS2, NS44, and BOQs 5 and 6. FIgure 2 Il lustrates the steam load ~ t
the Bu ilding 32 system.

For 10 months of the year . the coal-fired boilers of Bu ild ing 32
meet the steam demand on the Building .32 system. For 2 months , the oi l -
fired boilers of Building 123 are used to meet the peak loads. This
means that both coal and oil are used to mee t the steam demand on the
Building 32 system .

CC St-

Charleston Coun ty , SC , has been operating a shredder fac i l it y  s ince
June 1’~’4 . CCSF ’ s equi pment includes two 20 ton s ’hour and one 40
tons hour shredders; a magnet system in the processing line removes fer-
rous metals from the shredded waste . All mixed solid waste t MSW ) gener-
ated in the civilian community and at Federa l fa cilities in Charleston
County  is taken either to the CCSF or a designated bulky landf i ll. ” In
a recent  12 -month pe r iod . 138 .000 tons of MSW were hauled to CCSF . The
average MSW was 11 ,440 tons/month , the maximum was 16,390 tons/month ,
and the minimum was 9,290 tons/month. The county is landf il lin g the
shredded waste adj acent to CCSF .

In discussions wi th local and state represent atives , it was
learned that the present landfill is near capac i ty and wi l l soon close.
The representatives estimate that the one-way haul to the new land f il l ,
when it is established , will exceed 20 miles. The county has indicated
interest in methods to reduce the weight and volum e of material to he
land fil led . One such method is energy-recovery inc i flCrat1on. At this
time , the only resource bei ng recovered at CCSF is ferrous metal. Th~
poten ti al ex i sts for recover i ng energ y f rom the waste shredded at CCS~.Figure 2 shows the estimated amount of steam ava i lab le  to the Naval
Shipyard Compl ex Building 32 system if a resource-recovery fac i l i t y  were
established at the Complex and if CC SF shredded waste were inc i nerated
there.

Personal communication with Mr. J. 0. Ohlandt . R e g i o n a l  S o l i d  Waste
Consultant to the South Carolina Department of Health and Env i ron-
mental Control and Mr. ( .  Singletary , Manager of CCSF , 25 April
197/ .

4’

p 

. - - -
S ~~~~~~~~~~~~~~~~~~~~ 



______ — -‘ -——- -—-——-- — -sr’ ’ - , . - ---5-- - —‘—.5-” .” —-.
~~~~

.—‘-----“— ‘-5-’-’ -_ S5-S~~~ - -5—— - - --, - - - -~~~~~~~~~

STEAM LOA D AND AVAILABILITY
FROM CCSF WASTE
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Figure 2.  Steam load of Bui lding 32 system.
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3 TECHNOLOGY SELECTION

This Investigation empl oyed a three-step evaluation procedure to
reveal the most viable of commercially available resource-recovery tech-
nologies. The procedure has been devel oped and used el sewhere to sup-
port resource-recovery feasibility studies both for large munc ipalities
and military instal lations.~ ’9”° The essential steps of the procedure
are as follows :

1. Eval uate commercial technologies for their capability to meet
ov eral l general goal s of the needed resource-recovery system . Eliminate
those which do not.

2. Eval uate specifi c processes wi thin goal-compatible technologies
to determine whether they will provide sound engineering solutions and
determine if all processes wil l  be available wi thin the current MILCON
5—year construction cycle. Eliminate unava ilable or unacceptable pro-
cesses.

3. Eval uate goal-compatible , ava ilable processes using a weighted
comparative scoring system to reveal which is the relatively superior
process. Impl ement the top-ranked process in the proposed resource-
recovery facility.

Step 1: General Goal Eval uation

The fol lowi ng general goal s were to be accomplished by an accept -
able resource-recovery technology .

1. Maximize waste processing in order to minimize landfill re-
qui rements.

2. MaximIze resource recovery ( material s and energy) wi thin the
constraints of the local market.

3. Minimize the amount of processing necessary be fore solid waste
can be used as fuel in the resource-recovery facility in order to gain
max imum economic credit for its recovered val ue.

8 RefuBe Tnciner ati.on/H c ’at Reolarna t ion i~ ‘i1c ~’ ~o ’i i  it.y,  Nava l ~‘t~~t ~~~~~~~~

~ 
M(~ /f l~ P t~ FL ( Greenleaf /Telesca , 1975).
Cho , P. and Sanneman , Sup p l4 ”n. ’nt l / F ’uc? T’i ’ ‘ O l H ~ Plan t: f o r  ‘Izioao~’,

10
1L, Proceedings , Third Inter-Uni versity Engery Conference (1976) .
Hathaway, S. A .~ “Eval uation of Smal l Scale Waste-to-Energy Systems ,”
i’r000ediflq8 

~J’ t ii. ’ Th ird I P I  t-~ PPli~ ! i  ‘ P?  1 ) H f
~~i’t’Pli’t OH E’nt,i ronmenta /

Pr oblemB of the ’ T~rt~ ’~~~t l~’~’ tndu~ tr ice , F .  Rolsten and P .  Sweeney,
eds. (The Wright Corporation , 1977).
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4. Minimi ze the land area required for the process equipment and
facility .

Five technologies were evaluated In l ight of these overall goals.
Table 4 defInes these technologies. As a result of the evaluation car-
ried out under Step 1 , simpl e material s separation and bio logica l con-
version were eliminated . The material s separation technology was found
not to reduce waste bulk  to acceptable levels, and to make Incomplete
use of waste as a resource by neglecting its energy val ue. In addition ,
the technology required si gnif icantly high capital Investment. This
cost plus the operating costs made the technology ’s ex pense relat i ve to
the market val ue of the separated materials (e.g., metals and glass)
unaccepta ble. Biological conversion was el iminated because substantial
lan d area is required tor the individual processes, ar.d ~ubstant ial
quantities of byproduc t materials remain a landfill requirement. Tech-
nologies retained for further consideration in the evaluation process
were production and use of RDF , pyrolysis , and energy-recovery incin-
erat lon.

Step 2: Process A v ail ab fli~~~Anal~ sis

Th is  invest igat ion defined a process as being avai lab le if there
wa ’, reaso nat ~ 1e expectat ion that it could be presented as a sound
t’nglne .!rinq solut ion wi thin the current MILCON cycle of 5 years. Thus a
pro~t’ss presentl y nearing commercial ava ilability could be retained al-
though i t  mig ht not be ready for immediate impl ementation. Tables 5, 6,
and ‘ sui~na r ize the processes which were evaluated for ROF production
1,1 1 use , energy - recovery inc i neration , and pyrolysis , respectively.

The processes whi~~h were found to be available inc l uded the Un i on
arh i l e  Purox pyr ol-ysic process , direc t combustion in a waterwall Incin-

e’rator energy - recovery inc i neration) and use of pelleted , or densifit’d,
RD~. Pack a g e  heat-recovery inc i neration processes were eliminated
bec.iuse they are too smal l for appli cation on the scale this study re-
quired . Many pyrolyth: conversion systems were eliminated because they
were s t i l l  in the prel iminary developmental stage and would not be ready
for use wi th in the current MILCON cycle. Of the RDF processes evalu-
ated , onl y densif led ROF was reta i ned because it is fired wi th coal by
mechani-~al stokers , the same system wi th which the Central Power Plant
(Building ifl at the Naval Shipyard Complex is equipped. Al though sus-
pension-fired unconsol idated , or “ f luff” , RDt has been successfully dem-
onstrated In St. Louis , MO, and Mies , IA ,’’ these were uti l i ty-type
boilers of wil e muc h larger than the furnaces at the Complex. Com-
plex boile r s would require significant modification -- tantamount to a

I I  . . . . . . ‘ -

~ 
, 4 4 5 ~~~ 1 S e l  0

~~~~~~ ( Co unty Sanitation Distric t s of Los Angeles , 197b), pp 2~to 39.
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Table 4

Evaluation of Energy/Materials Recovery Techno logies

PROCESS DESCRIPT ION

RDF production Sol id waste processed to a solid fuel for
supplementary firing in exist ing steam generators

Energy-recovery incineration As-delivere d or processed solid waste fired
in incinerator equipped with heat-recovery/steam
generating hardware

Pyrolysis Conversion of as-delivered or processed sol id
waste to a ‘l ow-Btu gaseous or liquid fuel for
supplementary fi ring in existing steam generators

Biological conversion Capture and use of l ow-Btu ~as from bio logica l
degradation of solid waste (anaerobic digestion ,
composting , l andfill gas recovery).

25

L - 
_ _  _ _ _ _ _ _ _ _ _ _ _ _ _



,, (‘J p4
5-. 5.. rs 5.-
a’. a’. a’— . 4  ‘SI

- - C S -
—S — — 0 — .- ,.- 0 ,-
40 40 so sO 4~4 50 0 4’

4’ C C ~ C C 4.~ C ‘0 C C C 4’ 0
40 j  0 0 ~ 0 4) 0 4~ 0 ) 0 V 4-
4’ 0 . 0 4’ ~ 4’ — Q “S ~~ 4’
4~ ) 4) 4) 4-5 -o ~ ~~ I~ 4-~ C Sfl 4-5 V 4) 4- vs

01 ‘0 .0 01 0 4) 4) ‘0 C (0 4) ‘0 4’ C
-~~ 4- 4- -~~ 4- 4) vs 4. 5. .~~ 4. vi

‘UV
LI~ vs

C S a a a a a Sfl

L
‘~~ W 4-)

I— > 4- 4-8 z e a

26

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~ - -_ —~ , _ _  
- -



‘r —r ~~~~~~~ — 
.r~~~~~ — 

— ‘ — ‘5-
~~~ ~~~~~~~~ — —-

40 4” .
5.. 5... — 0% 0% Ci as.4 — — —vs 5 5

~ iii

>5
4-)

U )

~~~~~~~

S. .-4 .-4 .4’ p4 .4’ .4’

U) -~~

~i) I n —

U0L
0.

41 vi
Co

.0
4.o 4-)

vs 0.4 V C
5. 4,

P.- -
~~~ U, • vi
0 C 2 U C >5 C

4. U 0 4) • dl
vi 0. 0 Q 0.0. .~ 4- 4- 4.)
~~ 0 -.. 01 0

I~j~ C • .4 4-) 5. 1. 0* 10 04
4. 4) 41 4) 4) 41 vi

V 01 41 C ~~ 0 C 4)
C ~ 40 0) 4.) vi U. 4*o 4. C 0 ‘~~ vi ‘4-

- - L~ C 0. .0 .0 ‘ > 5 0  >5
C), U ~ “S 4* 0 4* UI

0 UI a vs -.. — 4-) — U
0’ ,n ,— -.5 .~~ ‘4-

• - U) C C 0 1.. 0 0 0
4) .— 0 -.- 0 ~ ~~ 4. V 4.

411 ,— ..— vi L )  U Ii 4) 4J
>5 5 40 4- >5 4~ 45 C >‘ C? C
0- ) LU — 4’ sO 41 .C C 01 .— 0 > UI - -

~~ 41 C 0- 1. 4..) ~ vs LU 0 C
vi 01 .~ vs

vs vs a ~ 0 0 -‘- 41 C 41
~ ~~ LU . 0. ‘ 4) 4- C 0 4) • >5 50

‘0 -~~ —.1 41 0 UI vs 4* C ‘ vs 4’ vi ‘4. ~~.

~~~~~~a • .
~~ -. z a ‘-

x 0 ~~ 4-’ £
- x - . •. • 0 . ç

0) 4-) 1. 0 vs 4~ 41 Ui Vi
a ~~ t. 0 • 41 0 4) 0% ..- 0 

~o .-. 0 • 0. 0 C 4) -~~ V ~~.5 ‘ 41 C 0) 0% a so •— 0 ~ 
U vi vi C

— 4’ . ... .5 0’ ~~ £ 50 ~~ _~ 
,n .s ,~~ 

—

$

27

- - -- - ‘. .—..~~ _ . .~~~__~~_u — -



~

- ---5--

~

—- - - .-—

~ 
‘ ‘P ‘ ‘.~~~

C 4.)

•
0 C

UI U

4.) S.- C Or.-
(0 4.) 4-1 4-’ Cl 4.’ 4.) 4.) C 414.) in o 0 •~~~ o a o a>
in c .— — UI — .— ,—o •.- .r’ 41 r r ‘0

0. 0. Ci 0. 0. 0.

)
(0
‘V
Vi

in C
4) ~~~OVi
Vi
03 in C) — C) C) ~~~ U~i Lfl C
U 4 ))  C .-4 U) . . C

(‘.J C) C)
0. 4.)

(0
C Co
‘5- 4-) - -

4)
r-~. >C
4) 0 ‘04-) w

• 4.)
40 U ~~. .5-
I— — S.. E

4-’ 0 0 4~)
>., 4.-) — C U

C 4-~ U
0 .C I. 0, .
4- — U c.. ~~>% S.- • ~~ on 0 0 5-
& C 40 0 C ~ LII 4-)

‘5- 4) 4-) ‘5- 4) 4)
0 in .— 4-’ 0~ • C

0 C 4) C U Vi 0 0 4)
.5- 40 >‘. >‘, C 4-) ‘.- ‘V5- E 0 41) (0 4.) ‘4) 0- 0) U 4) U

.5- 40 0 Vi ‘ Vi
> 4.) 4-) ‘5- 4- ‘5- ‘0 (0 

—41 C I >s Vi 4) 5- 4) 4-)
0) 5. Dl >, E 0. o~‘0 4) 0 — •‘~~ I. C

‘P~~ .Q P. 0 4) 0. 0o 5. 0 ~. C 4~) EU 40 0 >.. 40 C 0) C
C ~~ w 0. 0. w ~~

•
4-) C

0
5. 4-)

C ‘CE •CE .cZ It Vi
0 ‘CE 4-) 4-) 4-) 4- 4)
.5- 4._) It —
4.) ‘CE •. • .0 t..
It • 4-) 4.. 4) 4-) 40 4- 40
U C 4) ‘0 it
0 0 • .0.’ ‘5-

~j ‘P.) 4) ~ ‘V40 C it 5. C 40 It .CU 4) 40 4~) 4.) 4~)C > .— C C ~4- 40 ‘~~~ 0. 40 40 0
LU — .-j ~~ in in 4./i

‘-128



~~~~~~~TTI~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

complete rebuilding -- to acqui re the capability to suspension fire a
waste fuel having a calorific value approximately hal f that of coal .

St~p 3: Comparative Scoring System

The comparative scoring system used to reveal the most successful
candidate process followed five major steps.

1. Six cri teria were established against which each candidate pro-
cess was evaluated . These criteria are listed and described under Step
3-1 below.

2. For each of the six criteria , a rel ative importance weight was
assigned in consultation wi th personnel familiar wi th the site.

3. Each process was given a rel ative raw score for each cri terion.

4. The rel ative raw score of each process was weighted by the rel-
ative importance factor established for each criterion.

5. Weighted rel ative scores were sunmied and normal ized , wi th the
process having the highest score chosen for application.

Step 3-1: Definition of Criteria

Six cri teria were established for evaluati ng candidate tech-
nol ogies:

1. Technical rel iability
2. Practicability
3. Conservation
4. Envirorinental impact
5. Experience
6. Economics.

Technica l reliability refers to the chance of unforeseen outage and
the predictability of dependable perfo rmance. It is a measure of both
the degree to which a design incorporates proven configurations and of
the potential of the system ’s design to wi thstand predictable wear.

Practicability refers to the feasibility of operating and managing
a system wi thin the support capabilities at a specific site. It is mea-
surable In terms of the degree of a system ’ s complexity (a compl ex
system which woul d make its performance contingent upon skilled person-
nel), the ease of performing routine daily and cyclic maintenance and
repair (includi ng procurement, installation , and shakedown of repl ace-
ment parts), and the degree to which the function of a resource-recovery
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system will affect management: transportation , processing , marketing ,
and ul timate disposal .

‘ ‘ t -? ~’ t ~~’~ refers to the efficiency with which a system uses re-
sources and the degree to which a system reuses or recaptures enez~jy ( power
and fuel), ~~~~~~~~~~~~~~~~~~~~~ and ~~~~~~ or the extent to which a system consumes
additional resources.

refers to the impact of the sys t em on the immedi-
ate z :~~, ‘~~~~~~ !• , and ~~~~ environments. This is the effects of atmospheric
emissions , requirements for water effluent treatment, and landfill disposal
of system byproducts ; consideration is given to the env i ronmental impac t
if pollution abatement equi pment suffers transient failure . Compatability
with the environment al so inc l udes the degree to which a system is a
•::~~~?‘: ,- , i.e., its impact as measured In terms of traffic increases and/or
interference , odor , unsight l i ness, no i se , and vibration.

~~~~~~~~~~~~~ is the critical basis for predic ting and guaranteeing
the life-cycle performance of a system with reasonable accuracy. It Is
expressable as an -~~~ f~’:~.’ f . -i’~ of the combined use of similar
equipmen t for resource recovery at or near the scal e of application that
the site requires. It al so considers the number of facilities of s-Im i-
lar design presently in operation.

~~~~~~
- ‘ : “~~~~~~~~~ is linked to experience and technical rel iability in that

it gives a basis for an accurate estimate of a system ’ s recurring costs —

and the l ength of its functional life . Economics is measurable in terms
of Initia l costs: including investment for equipment and facility imple-
mentation expenses for startup , fiel d aligrmient , and operator training .
Second , it is measurable in terms of the recurring (annual and cyclic )
costs of operating and maintaining a system.

~~~~~~~~~ •‘—: . 1~~ ) : :~:y’:5 -i:~ ~~~~ ‘
~~~

- :‘~
- ‘

~~~
- , ~‘ : ‘~~‘~ - ‘ ‘  

- 
-

A relative importance factor was assigned to each criterion in con-
sultation with Complex and NAVF ACSOUTHD1V personnel . The factors ranged
from 0 to 1 depending on the degree of relative importance , with 1 being
the most important process attribute. The related Importance factors
used are as follows :

1. PracticabilIty (1.00)
2. Economics (0.90)
3. Technical rel i ability (0.70)
4. Conservation (0.70)
5. Experience (0.70)
6. Enviromiiental Impact (0.40).
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Table 8 shows the relative raw scores assigned to each of the pro-
cesses eval uated . The scores were assigned to as many as four sub-
categories under each of the step criteria. The subcategories shown in
Table 8 are defined in Step 3-1. A relative score was given to each sub-
category so that the row sum equaled 10, a number which was arbitrarily
chosen to obtain a reasonable spread of scores. For each criterion , a
score was obtained by adding appropriate subcategory scores.

.~ — • ; : ~~~~~~~~~~~~ ;~~- :  
~~~~~~~~ ~~~~~~~~~~~~~~

Tab le 9 shows the resul ts of adjusting process raw scores by the
relative importance factors. A weight ing factor was used to adjust the
scores by accounting for a variable number of criteria subcategories.
The process weighted scores shown in Table 9 represent the process raw
scores for each criterion in Table 8 as adjusted by the weighting factor
and relative importance factor.

~~~~~~~~ , — : — : ~
‘
~~~.‘~

-
~‘s : .~~~~~~

- ‘
~~

Selection of the relatively superior process was made by summing
process scores shown in Table 8. As indicated In Table 9, the waterwall
incinerato r achieved the highest score -- of 40.0. On a normal i zed
basis , this score is 1.0. The normal i zed score of the Purox pyrolysis
system was calcul ated to be 0.80, and that of densified RDF 0.41. On
the basis of the normal i zed score, the waterwall incinerator was se-
lected as the cand i date process for consideration In this investigation.
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Table 8

Process Raw Scores

Waterwall Puro x Densi fied Row
Incinerator Pyrolysls RDF Sum

Technical Reliability
Proven art 5 3 2 10
Predictable wea r 5 3 10
Subtotal 10 6 4

Practicabilit y
Comp lex i ty 5 4 1 10
Maintenance and repair 4 4 2 10
Managen~nt i mpact 4 5 1 10

Subtotal 1~ 13

Conservation
Energy 5 3 2 10
Material s 3 3 4 10
Water 3 3 4 10

Subtotal 11 9 1~
Envi ronment

Air  3 5 2 10
Water 3 3 4 10
Land 4 4 2 10
Nuisance 3 4 3 10

Subtotal 16’ 11

Experience
Operational history 7 1 10
Nu n~er of facil it ies 5 3 10

Subtotal 12 5 3

Economics
First costs 4 5 1 10
Recurring costs 5 4 1 10

Subtotal

- ~~~~~~ -~~~~~~~~
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14 DESCRIPTIONS AND ECONOMIC ANALYSES OF ALTERNATIVES

The four al ternatives evalua ted during this study were selected
based on the objectives of the study and the evaluation of technologies
described in Chapter 3.

1. Al ternative A: the present practice of disposing of MSW at
county facilities.

2. Al ternative B: a Federal resource-recovery facility at Char-
leston Naval Shipyard Complex , which processes and recovers energy from
Federal waste only.

3. Al ternative C: a regional resource-recovery facility ,
Level I -- operation at 69 ,900 tons/year of Federal and civilian solid
waste from CCSF .

4. Al ternative 0: a regional resource-recovery facil i ty ,
Level II -- operation at 86,800 tons/year of Federal and civilian solid
waste from CCSF .

Table 10 compares the major characteristics of each al ternative.
The process fl ow of each al ternative is shown in Figure 3.

This chapter describes the economic analysis of the four al terna-
t ives described above. The capi tal investment required for each al ter-
native and the present value (PV ) cost (or savings ) of operati ng each
al ternative over 25 years are presented along wi th a comparison of these
costs. The details of the analysis procedure are given in Appendix A.
The unit costs of utilities , material , short-term infl ation mul tipliers ,
and long-term di fferential escalation rates and mul tipliers are defined
or developed in Appendix A.

Al ternative A, Present Practice

The 25-year col lection and disposal costs for continuing the
pre sent practice of using the county facil i t ies for the disposal (wi th-
out resource recovery) of Federal waste are $9,875,400 (Table 11). Note
that there is an estimated increase of 50 percent in the dii~p fee abovethe Increase due to inflation; this increase accounts for the estimated
cost of establishing a new landfill. The present l andfill used by Char-
leston County is adjacent to the shredder facility . Charleston County
heal th official s anticipate that the present l andfill will soon be at
capacity and that the new landfill will be at least 20 miles from the
present site. Si nce no signi ficant Federal capi tal investment is in-
volved in conti nuing the practice , Al ternative A serves as a baseline to
compare with the other alternatives.
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Table ’ 11

25-Ye ar Solid Waste Collection and Disposal Costs
ut Al t(’rfl~ L Ives A throuqh I)

— ~~~~~~ QQ~~ - - --

Al ternative Alternative Alternatives
!e’dera I la cli I ty A (3* C & 0

Na Vy Shipya rd Complex $ 390.6 324 390.6

Air I orce Base 118.8 85 118.8

Nav~d Weapons St,~tion 163.1 150 163.1

Naval Reciiona l Medic,~l Cent er 9.8 Q . 3 9.8

Charleston Army Depot. 5 .4 5. 5 .4

FY77 Subtot als 687.1 573.4 687.1

Short. - t e rm  in fl ation multiplier xl . 37 ’ xl. 31 xl .37

941.3 1. 785.6 943.1
Add i t iona I cost due’ to new ~)b.6 19. 1 4-6 1 .5
landfi l l  - -  -

F YB? e’st I ma ted cost  s $1 036 . Q 804 . 1 1 ,004 .6

.‘S—yr  I’V IIIU 1 1 ‘p 1 ii’,. X9.b?4 x9.5?4 x9.5?4

~S-vt ’ar rv cost $9875 .4 $7664.0 $9567.8

* The reductions of Alternative (3 are due to savlnqs In I 
-

dump fees and haulage distances.
4- Ihe short-term Inflation m u l t i p l i e r  and the ?5-year
present va l ue multiplier are defined in Appendix (I.

It is estimated t hat the dum p t ee’ wi l l Increase
by 50’~ when a new landfill is opened.
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Condit ions Coninon to Resource-Recov!.~~ Al ternat ives U L ~c..1. .-45~d~D5-
The energy produced by these alternatives woul d supplement the cx-

ist ing coal-fired Building 32 heat-dist ribution system . A steam line
would connect the output of the resource-recovery facility to the Build -
Ing 32 system near the intersection of Hal sey Street and Hobson Avenue .
The Building 32 system serves the areas of Building s 32, 123, NS2, and
44, and BOQS 5 and 6. SInce coal-fi red BuIlding 32 cAnnot handle the
peak loads on Its expa nded system , sonie of the energy credits produced
by Al ternatives C and U will be in fuel oi l. Oil-fired Building 123
wi l l not be needed to handle peak loads except when the regional re-
source-recovery faci l i ty (Al ternatives C or 0) Is off-line , such as on
weekends or during unscheduled outages.

The propo sed site for a resource-recovery facility at the Char-
leston Naval Shipyard Complex is the same for all resource-recovery al-
ternatives (see Appendix C). The Complex has designed and anticipates
the construction of a refuse segregation , holding , and processing facil-
ity to be located south of Ba inbridge Avenue and west of Hal sey Street
.~ xtension. The site for eac h al ternative woul d be south and adj acent to
the refuse segregation , holding , and processing facility . The site ,
which has been coordinated wi th Public Works personnel at the Complex ,
is swampy in nature and requires the use of pile foundations. The costs
of the foundations and other special construction requirements are in-
cluded in the estimate of the capital investment for each al ternative.

V B 
~~~~~~~ ~~~~~~~~~~~~~~~~~~

This alternative Is a facility proposed to be built on the Char-
leston Naval Shipyard Complex. It is designed to handle the 23,240
tons/year of solid waste generated only by particip ating Federal facili-
ties (see Appendi x C’J . The waste from the participating facilities

- - would be collec ted and hauled to the Complex . where it woul d be pro-
cessed two shifts/day , 5 days/week . Note that , If three shifts /day are
used , time available for maintenance would be reduced and the labor
costs woul d be increased. Highe r life-cycle l abor costs do not effec-
ti vel y trade off wi th the very smal l reduction in pl ant s ize and in-
vestment cost.

Ior the economic analysis , It is estimated that the system wi ll be
down for scheduled maintenance 10 days/year and down for unscheduled
maintenance 5 days/year. Therefore , the system will be ava 1lahle for
245 days of the normal 260-day work year. Waste woul d be stored on the
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tipping floor until needed for processing . Each hal f of the tIppi ng
floor wil l hold 75 percent of a normal day ’s waste. A front-end loader
would move the waste from the tippi ng floor to one of the two conveyor
pits. (Two each of conveyor pi ts, conveyors , shredders, and front-end
loaders wil l  prov i de redundancy for the system.) The waste will be
shredded as it is needed , and ferrous metal s will be removed prior to
burning in the t~o 30,000 lb/hour steam boilers which w ill operate at
160 psig and 420 F. Al ternative B woul d produce 16 percent of the
annual steam load of the Building 32 system or 179.2 x 1O~ lb steam/year(19.0 x 10 ’° Btu/year). It is estimated that the system will conserve
10,000 tons of coal /year. The process flow for the proposed facilities
is shown in Figure 3.

The capital investment requi red is $8,500,000 (Table 12). The 25-.
year PY of the annual costs is $14,016,000. PY credits are $11 ,035,000
(Table 13).

Al ternative C, Regional Resource-Recovery Facility, Level I

This  a l t e rna t ive, regional resource-recovery fac il i ty , Level I , is
designed to accommodate 69 ,900 tons/year of shredded ROE purchased from
CCSF. In this al ternative , all of the Federal waste -- with the excep-
tion of that generated at the Naval Weapons Station , which woul d con-
tinue to be l andfllled at the Berkeley County landfi ll* -- is haul ed to
CCSF for processing , as is the present practice. The 69,900 tons/year
amount to 50 percent of the RUE presently produced at CCSF. RDF not
sold to the Navy will be l andfilled , as is the present practice.

CCSF personnel will deliver the ROE to the Complex on an “as
needed” basis. This wi l l  range from 190 tons/day in the summer to 250
tons/day in the winter. ROF will be burned two shifts/day , 6 days/week.
A third shift will be used for boiler clean-out and minor maintenance.
For the economic analysis , it is estimated that the system will be down
for schedul ed mai ntenance 12 days/year and unscheduled maintenance 6
days/year; thus it will be available 294 days/year. There would be two
80,000 lb/hour boilers. The amount of steam produced from RUE with this
alternative is 455.5 x 106 lb steam /year (or 48.2 x 10~° Btu/year).
( See Appendix 0, Table 01.) This represents 41 percent of the annual
steam load of the Bu i ld ing  32 system . It woul d conserve 23,900 tons of
coal /year and 260,000 gal l ons of fuel oil.

~~ e Appendix C.
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Tab le 12

Alternative B: Investment Cost

Unit Cost Cost
Item Quantity ($1000 ) ($1000 )

Scales , truck 1 20 20
Conveyor pit 2 5 10
Feed conveyor, steel belt 2 25 50
Shredder 25 ton/hr 2 125 250
Dust control 1 10 10
Outlet conveyor rubber belt 2 10 20
Magnetic me tal separator 2 35 70
Surge bin 2 12 24
Con veyors to st ora ge 4 5 20
Boiler 30,000 steam/hr 2 900 1800
Air pollution control 2 165 330
Stack & breeching 1 80 80
Ash handling 1 100 100
Special foundation (piles ) 266 1.68 447

Building, 20 ft clear height 16,150 sq ft 20 323
Building, 35 ft clear height 16,100 sq ft 30 483

Building, mi sc site work 1 job 60 60
Electrical substation 10 10
Exterior lighting 2 2
Steam line , 18 in. dia 3750 ft 173 650
Fence 1400 ft 8.45 11.8
Road , 24 ft wide , 390 ft 1040 sq yd 12.30 12.7
FIll 5550 cu yd 2.30 12.8

4 796.3
- 

- Multi plier to include engineeri ng ,
overhead , and profit xl.26

6043.3
Front-end loaders 2 55 .4 +110.8

Total FY77 estimate 6154. 1
FY82 multiplier x l.38

8492.7
Budget estimate 8500.
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Table 13

25—Yea r PV Operation
And Maintenance (O&M) Cost: Alternative B

FY78 25-yr PV
Quanti ty Unit Inflation Cost

O&M Cost Elements (1000) Units Price Factor ($1000)

Costs
Front-end loader fuel 3.9 gal /yr 1.16 20.050 90. 7
Shredde r , 250 Hp 363 kWh/yr 0.055 16.303 325.5
Magnetic separator , 5 kw 20 kWh/yr 0,055 16. 303 17.9
Conveyors , 25 Hp 36 kWh/yr 0.055 16.30 3 32.0
Bo il ers , 200 Hp 580 kWh/yr 0.055 16.303 520.1
Air pollution control, 25 Hp 36 kWh/yr 0.055 16. 303 32.3
Ash handlIng, 10 Hp 4 kWh/yr 0.055 16.303 3.6
Mi sc building 5 kWh/yr 0.055 16.303 4.5
Boiler feed water 22000 gal /yr .00064 9.524 134.1
Misc water 130 gal/yr .00064 9.524 0.8
Auxiliary fuel oil (.5%) 8.6 gal/yr 0.76 20.050 131.0

Labor (Table A3) 296.0 9,524 2819.1
Maintenance (5% of 185 $/yr - 9. 524 1762.0 

- 

-

Tabl e 12)
Ash disposal 5.7 ton/yr 9.15 9.524 496.7
Sol id waste collection
(Table 11) 7664.0

$14 ,016.4
Budget estimate $14,020

Credits
Ferrous metal 730 ton/yr 23 9.524 160.0
Fuel ( coal , Tab le Bi) 10 ton/yr 58.31 14.777 8617.1
0&M of Bldg 32 (Table 01) 236.0 $/yr - 9.524 2247.7

Total credits $11,034.6
Budget estimate $11,030

41 



-- - - ~~~~~~~~~~~~~~ - ~~--~~~~~~~~~~~~~ -

-~~~~ _

As previously noted , it is anticipated that oil-fired Building 123
must be mai ntained and operated to supply peak steaiu needed in the South
Yard of the Complex. While the average hourly steam l oad suppl ied by
Building 123 is 33,300 lb/hour , the peak load is 109,000 lb/hour . Since
the capacity of Al ternative C is 160,000 lb/hour , it wil l  easily handle
the peak load . Because oil-fired Building 123 will not have to be
operated except on weekends and during unscheduled shutdowns , part of
the fuel credit is taken in oil. It is estimated that 6 percent of the
annual fuel saving s will be oil; the remainder will be coal . The
capital investment for Al ternative C is $13,900,000 (Table 14). The
25-year PV of the annual costs is $21,990,000; the PV credits are
$30,140,000 (Table 15).

Alternative U, Regional Resource-Recovery Facility, L~vel II

This al ternative , regional resource-recovery facil ity , Level I I , is
similar to Al ternative C; however , Al ternative U is designed to handle
86,800 tons/year of RDF produced at CCSF (63 percent of the County ’s
present annual production) , and will operate 24 hours/ day , 5 days/week.
Al though the 24-hours/day of Al ternative U will allow more energy recov-
ery than will Al ternative C, there will be only 2 days/week available
for unschedul ed cleanou-t and minor maintenance. The 86,800 tons of RDF
received at the Al ternative U facility will be reduced to approximately
21,700 tons of ash/year , thus reduc i ng landfill needs. ROE produced by
CCSF and not sold to the Navy would be landfilled . There will be two
boilers rated at 75,000 lb/hour at the Al ternative 0 facility . For the
economic analysis , it was assumed that there woul d be 15 days of down-
time for scheduled maintenance per year and an additional 10 days lost
to unscheduled maintenance. The system woul d be available for 235 days
out of the normal 260-day year ( 9t) percent available) . The amount of
steam produced from RDF is 565.3 x 106 lb steam/year (see Appendix B,
Tabl e 83); this will conserve 77.8 x 1O~0 Btu/year of fossil fuel . This
represents 50 percent of the annual steam load of the Buildi ng 32
system. Al ternative D would conserve 29 ,600 tons coal/year and 321,500
gal lons of fuel oil. The fuel credit attributable to oil for this al-
ternative is 6.2 percent. The capi tal investment is $14,040,000 (Table
16). The 25-year PY of the annual costs is $21 ,340,000; the credits are
$37,510,000 (Table 17).

The potentia l incom e to Charleston County under Al ternative 0 is
$260,000/year (FY82 dollars). This i ncome is based on a sale price of
$3.00/ton of ROE (FY82 dollars , or $1.86/ton, FY77 dollars). The
detailed calcul ations of RUE cost and i ncom e to Charleston County appear
in Appendix E.
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Tab le 14

Investment Cost:
Alternative C , Regional

Unit Cost Cost
ITEM Quantity ($1000) ($1000)

Conveyor pit 2 7 14.
Conveyor 2 10 20.
Boiler 80,000 lb steam/hr 2 2355 4710
Air pollution control 2 450 900
Stack & breeching 1 100 100
Ash handling 1 200 200
Steam line 3750 173 650
Special foundations (piles) 274 1.68 460
Building, 20 ft clear height 28 ,000 20 560
Bldg 40 ft clear height 4400 30 132
Bldg Misc site work 1 job 60 60
Electrical substation 1 12 12
Exterior lighting 1 2 2
Fence 3800 ft 8.45 32.1
Roa d, 24 ft wide x 1400 ft 3735 sq yd 12.30 45.9
Fill 8750 yd 2.30 20.1

Multiplier to include engineering , overhead, & profit x 1.26
9976.8

Front-end loaders 2 55.4 110.8 
-

Total FY77 estimate 10087.6
FY82 multiplier x 1.38

1~~,920. 9

Budget estimate $13,900

ri~ 
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Table 15 —

25-Year PV 0&M Cost: Al ternative C

FY82 25-yr PV
Quantity Unit Inflation Cost

0&M Cost Elements (1000) Units Price Factor ($1000)

COSTS
Front-end loader fuel 7.1 gal/yr 1.16 20.050 165.0
Conveyors , 20 Hp 34.8 kWh/yr 0.055 16.303 31.2
Boilers 480 Hp 1680 kWh/yr 0.055 16.303 1506.0
Air pollution control 30 Hp 54 kWh/yr 0.055 16.303 48.4
Ash handling 10 Hp 4.8 kWh/yr 0.055 16.303 4.3
Misc building 6 kWh/yr 0.055 16.303 5.4
Boiler feed water 54900 gal/yr .00064 9.524 334.6
Misc water 360 gal /yr .00064 9.524 2.2
Auxiliary fuel oil (.5 %) 16.1 gal/yr 0.76 20.050 245.0
Labor (Table A3) 278 .5 $/yr - 9.524 2652.4
Maintenance (5% of 372. $/yr - 9.524 3543.0

Table 14)
Ash disposal 17.5 ton/yr 9.15 9.524 1525.0
Solid waste collection

(Table 11) 9568.0
RDF purchase 69.9 ton/yr 3.00 11.238 2356.6

Total costs $21 ,987.~
CREDITS Budget es timate $21 ,990.0

Fuel (coal , Table 84) 23.9 ton/yr 58.31 14 .777 20 ,593
- 

- Fuel (o il , Table B4) 250.6 gal/yr 0.76 20.050 3,819

0&M Bldg 32 (Table Bl) 601.1 $/yr - 9.524 5725.
30,137 H

Budget estimate $30 ,140

I
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Table 16

Investment Cost:
Al ternative 0, Reqlonal

Unit Cost
Item Quantity Cost ($1000)

Conveyor pit 2 7 14
Conveyor 2 10 20
Boiler , 75,000 lb steam/hr 2 2230 4460
Air pollution control 2 450 900
Stack & breeching 1 110 110
Ash handling 1 220 220
Steam line 3750 173 650
Special foundation (piles) 330 1.68 554
Buildin g , 20 ft clear height 35200 20 704
Building, 40 ft clear height 6050 30 181.5
Building , misc site work 1 job 60 60
Electrical substation 1 12 12
Exterior lighting 1 2
Fence 3900 8.45 33
Road , 24 ft x 1400 ft 3735 12.30 45.9
Fill 9730 2.30 22.4

~~~~~~Multiplier to include engineering , overhead & profit x 1.26

Front-end loaders 2 55.4 + 110.8
Total FY7 7 est imate 10,176.7

FY77 to FY82 multiplier x 1.38 - 
-14 ,043.8

Budget estimate 14 ,040.

L 
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Table 17

25-Year PV of 0&M Costs : Al ternative U
25-yr

FY82 Infla- PV
Quant ity Units tion Cost

0&M Cost Element (1000) Units Price Factor ($1000)

COSTS
Tront-end loader fuel 9.4 gal/yr 1.16 20.050 219.0
Con~eyors ~ ash handling 30 Hp 72.0 kWh/yr 0.055 16.303 64.6
Boiler , 4C~O Hp 1870.0 kWh/yr 0.055 16.303 1676.8
A ir pollution contro l , 30 Hp 7.~.0 kWh/yr 0.055 16.303 64.6
Miscellaneous buildin g 8.0 kWh/yr 0.055 16.303 7.2
Boiler feed water 68100.0 gal/yr 0.00064 9.524 415.1
Aux iliar y fuel (.5%) 28.3 gal/yr 0.76 20.050 431.2

Labor (Table A3) 301 .8 S/yr - 9.524 2874.3
Maintenance (5~ Table 14) 325.0 S/yr - 9.524 3095.3
Ash disposal 0
Solid waste collection - - 9568.0

(Ta b le 11)
ROF purchase 86.8 ton/yr $3.00 11.238 2926.4

Total costs 21 ,342.5
Budget estimate 21 ,340.0

CREDITS
T~è1, coal (Table 84) 29.6 ton/yr 58.31 14.777 25,504.7Fuel , oil (Table B4) 321.5 gal/yr 0.76 20.050 4899.0
O$M Bldg 32 (Table Dl) 746.1 S/yr - 9.524 7105.5

37,50~.2Budget estimate $37,510.0
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Comparati ve Econom ics

The four alternatives considered as part of this study are compared
in Tables 18 and 19. The data in Table 18 are consolidated from Tables
1 through 17 and allow a direct compa rison of the al ternatives ‘in terms
of investment and the 25-year PV cost or sav i ngs. Table 19 compares the
resource-recovery alternative to the ~~~~ t~~’~~ ::‘~~

‘ - ‘.
‘ 

-
‘
~~~~:~~~~ ~‘~~ f

:‘::‘~ - - ~~
- ‘ ;

~~~. The comparison is presented In terms of the SIR and “years-
to-payback ’ the investment.

In essence, Table 19 doci~nents that it is more econom ical for Fed-
eral facilities to buy solid waste processed at CCSF than to establish a
separate , Federally operated solid waste processing facility at the
Naval Shipyard Complex.

It is noted in Appendix E that the overal l economics of Al terna —
ti ves C and U are dependent on the cost of the RDF . Table 19 shows that
Al ternatives C and U are the only al ternatives greater than 1.00.

The SiRs were calcul ated for various costs per ton of RUE . Fi gure
El illustrates that for a zero cost for ROE the SIR for Al ternative U is
2.0b~ at $15.31/ton the resul ting SIR is 1.00.
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5 CONCLUSIONS

This study concludes that it is technically feasible to build an
energy resource-recovery faci l i ty in Charleston , SC , SMSA . The facility
should be regional in nature ; that is , it should recover the energy re-
source from solid waste generated by the civi l ian co~mnunity as wel l as
Federal facilities.

It is concluded that a Federal resource-recovery facility (Al terna-
tive B) is not economical and shoul d not be pursued.

The regional resource-recovery facility . Level II (Al ternative D)
was the most economical al ternative consider’~~. as long as the cost of
RDF to the Navy is less than $15.31/ton (FY82 dollars). Assum i ng the
sale price of ROF to be $3.00/ton, the SIR for Al ternative 0 is 1.86/1.0
with a paybac k period of approximately 5.5 years. The capital In-
vestment for Alternative 0 is estimated to be $14 million in FY82 dol-
lars. The Federal government will conserve 29,600 tons of coal and
321,500 gallons of fuel , or 77.8 x l0~-’ Btu of fossil fuel each year ,
which represents 50 percent of the annual fuel consumption at the boiler
plants 32 , 123, NS2 , NS44 , and BOQs 5 and 6. Al ternative D wi l l  reduce
86,800 tons/year of RDF produced by CCSF to 21 ,700 tons of ash .. The
86 ,800 tons of ROE which can be processed in the Al ternative U faci l i ty
represent approximately 63 percent of the current annual production of
RDF at CC SF . Al ternative D would continue to allow resource recovery of
ferrous metal at the CCSF .

If Al ternative D is impl emented , Charleston County wi l l  benefi t
from the sale of RDF : based on a RDF cost of $3.00/ton , the increase in
income to Charleston County will be $260,000 in FY82 dollars ($161,500
in FY77 dollars) . In addition , the County wi l l  conserve sanitary land-
fill space and reduce transportation costs as the distance from CCSF to
the Charleston Naval Shipyard Complex is less than the anticipated dis-
tance to the new landfill.
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6 RECOf~4ENDAT IONS

The following recommendations are made as a result of this study :

1. A Federal resource-recovery facility to process Federa l waste
only should not be pursue(1.

2. A regional resource-recovery facility at the Charleston Naval
Shipyard Complex to process a combinati on of Federal and c iv i l ian waste
should be pursued.

3. The Navy should determine the willingness of Charleston County
to deliver RDF to the proposed Al ternative D facility . The cost per ton
of RUE should be mutually determined . Particular attention shoul d be
given to the ROE sale cost; al though an RDF sale in excess of $15.31/ton
would make the proposed project economically unattractive to the Navy , a
signi ficantl y lower than $3.00/ton RUE sale price woul d not allow Char-
leston County to real i ze a profit from CCSF ROE sales. If the dis-
cussions are successful , the Navy shoul d build Al ternative U , regional
resource-recovery facility , Level Ii , to produce steam from ROF produced
by Charleston County at the Charleston Naval Complex. This facility
should consist of two waterwal l boilers , each capable of produc i ng
/5 ,000 lb steam/hour.

4. If the discussions wi th Charlesto n County are not successful ,
the present practice of using County facilities (Al ternative A ) for the
disposal of Federally generated MSW should be continued .
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APPENDIX A:

METHOD OF ECONOM iC ANALYSiS AND BASIS
OF CAPITAL COST ESTIMATE FOR RECOMMENDED
RESOURCE-RECOVERY SYSTEM AND
LABOR COST COMPUTATIONS

Method of Analysi s

The general method of economic analysis follows guidance set forth
in Document P-442 , ~~~

‘
~~-‘: -“:! - 1 : ’~ .~~~ !i:’:J!-~~ (Nava~ Facilities

Engineering Command [NAVFACI, 1971). The present val ue (PV) method is
used to calculate initial investment, annual , and total costs of a
project over an economic life of 25 years In terms of current dollars.
For annually recurring costs, the method considers Infl ation rates asso-
ciated with Individual O&M cost el ements pl us a 10 percent i nterest
rate .

To evaluate the costs of Al ternatives B through C, each candidate
system was considered alone . The economic analysis considers the costs
of all act iv i t ies  from the generation of shredded waste to the trans-
portation costs of disposing ash and residue in a landfill to the capi-
tal saved by the use of waste-generated steam. The analysis determines
capital , annual , and total PV costs of a waste-to-energy system and if
these costs are greater or less than the costs associated wi th the cur-
rent waste management system.

When cos t s for all candidate systems have been established , a sum-
mary economic comparison is made accord ing to procedures set forth in
NAVFAC P-442. Candidate waste management al ternatives are compared to
determine the al ternative which requires the l owest overal l capi tal in-
vestment . The SIR for each al ternative is then determined using the al-
ternative which requires the least capital investment as the base of
comparison. The recommended waste management al ternative Is generally
the one wi th the most acceptable SIR payback period and overal l capital
Investment.

As noted above , the economic method of analysis al so considers
Inflation rates associated wi th Individual O&M items plus a 10 percent
Interest rate to calcul ate a waste-to-energy system s annual PY costs.

The basis of this study ’s economic analysis was coordinated wi th
the Southern Division , Naval Facilities Engineering Command. The short-
term absolute escal ation and long-term differential escalation rates are

-
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an extension of rates determined by Department of Defense (DOD) po11cy 1
~on energy conservation projects. The equivalent short-term multiplier

is merely all short-term absolute escal ation rates mul ti plied out. The
25-year PY equivalent mul tiplier is from NAVF AC Document P-442 (Table
Al) .

To estimate labor costs, var ious alterna tives were “staffed” (Table
A2). Hourly rates for personnel are as shown in Table A3 . It was as-
sumed in the preparation of Tabl e A3 that the resource-recovery facility
for Al ternatives B through D would be contractor operated and as such
woul d have a 40 percent combination fringe benefit and profit mul ti-
plier , as opposed to the standard 29.6 percent Government fringe benefit
mul tiplier .

- 

-

Mw te Mana ’ment ~‘o 1 lect ion , P-iap oaa i, ~~~~~~~~~~~~~~~~~~~~~
Recycling Pro~jr~zm, DOD Di rective 4165.60 (DO D , 1976).

I
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ii
Table A3

Calculations of Labor Costs

Al ternative B (Federal)

W/Added4’

Per Hour Per Year 4 Benefi ts
1 Plant supervisor $8.00 $16640 $ 23296
2 Lead bo i le r operators 5.60 23296 32614
2 Boiler operators 5.25 21840 30576
2 Front-end loader operators 5.25 21840 30576
2 Shredder operators 4.90 20384 28538
1 Lead ash handlers 4.90 20384 28538
1 Ash handler 3.60 7488 10483
3 Laborers 3.60 22464 31450

Total $216070
xl.38

For FY82 ‘abor $29 15
Al ternative C (Re gional)

W/Ad ded~Per Hour Per Year Benefits

1 Plant supervisor $8.00 $l6640~ $ 232~6 - 
-

2 Lead 5.60 279551- 39137
2 Boiler operator 5.25 262081- 36691
2 Front—end loader operator 5.25 26208t 36691
1 Lead ash handler 4.90 12231-f 17123
3 Ash handler 3.60 26957-f 37740
1 Laborer 3.60 8986-f 12580

Total $203258
xL38

For FY82 labo r $�~8463
Alternative 0 (Regional )

W/Added~• Per Hour Per Year Benefi ts

1 Plant supervisor $8.00 $16640 $ 23296
3 Lead boiler operators 5.60 34933 48921 

- -

3 Boiler operators 5.25 32760 45864
3 Front-end loader operators 5.25 3276f~ 45864
3 Ash handlers 3.60 22464 31449
3 Laborers 3.60 22464 31449

Total $226843
*1.38

For FY82 labor$310775

•2080 hr/yr . FY77 salary rates
+Frlnge benefits and profits 40 percent
1-2496 hr/yr
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APPENDIX B:

POTENTIAL FUEL CREDITS
FOR EACH ALTER NATIVE

The followi ng conditions were used to calculate the potential fuel
credits for resource-recovery Al ternatives B through 0.

In order to be counted as fuel credit , the steam produced from
waste must be needed. The Federal facilities ’ average hourly steam load
the first quarter of the year is 146,000 lb steam/hour (January to
March); the second quarter (April to June ) is 138,000 lb steam/hour; the
third quarter (July to September) is 110,000 lb steam/hour ; and the
fourth quarter (October to December) is 122,000 lb steam/hour. The peak
load demand for any quarter was 264.000 lb/hour . Eighty percent of the
average steam load was set as the l imit of useful steam available from a
reasonably sized resource-recovery system . (To be 100 percent useful , a
system would have to have a capac i ty of 264,000 lb/hour.)

The other limiting factor was the amount of energy available from
waste. Table 2 lists the energy-recovery potential for waste generated
at Federal facilities as 27.98 x iO ’~ Btu/year (Al ternative B). The
amount of ROF available from CCSF for the proposed resource-recovery
system at the Charleston Naval Shipyard Complex is 23,330 tons/quarter.
Based on an estimated l ower heating val ue of 4790 Btu/lb , this is equiv-
alent to a 223.2 x 10~-Btu/quarter heat i nput.

Table Bi presents the calculations for the design capacity , annual
steam production , and coal equival ent for Al ternative B. Tables B2 and
B3 present the steam needed to be produced from RDF and the amount of
RDF required by Al ternatives C and 0, respectively. Table B4 presents
an estimate of the fossil fuel savings under Al ternatives C and U.
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Table B4

Calculations of Potential Fuel Credit
for Al ternat ives C and D

Given: Alternative ‘C, lb steam/y r (from Table B2) 455.5 x lO6lbIsteam

Efficiency present coal system .77

Heat value of coal 12,300 Btu /lb 
H

Heat value of oil 150,000 Btu/gal

Heat value of steam 1227 Btu/lb .

Heat value of feed water (200°F) 168 Btu/lb

Fraction of energy savings cred itab le to coal : 0,94 0.94

Fraction of energy savings creditable to OIl :  0.06 0.06

Alternative C:

Coal conserved :
0.94 x 455.5 x x (12 27-1681
0.77 x 12,300 x 2000 lbfton • 23,940 ton/yr

Oil conserved: -

0,06 x 455.5 x 10~ x (1227-1~~1. 250,580 gal/yr

0.77 x .15 x 106

Alte rnative 0: lbs steam from RDF : 565.3 x io6 lbs steam (from Table 83)

Effic iency present coal system
Heat value of coal 12 ,300 Btu/ lb

Heat value of oIl 150,000 Btu/gal

Heat value of steam 1227 btu/lb

Heat value of feed water (200°F) 168 Btu/lb

Fraction of energy saving creditable to coal 0.938

Fraction of energy saving creditable to o l  0.062

Coal conserved :
0.938 x 565.3 x 106 (1227-1681 

- -

0.71 x 12,300 x 2000 lb/ton • 29 ,650 ton/yr

Oil conserved:
0.062 x 565.3 x 106 (1227-168) 

— 321,500 gal/yr
0.77 x 0.15 x ~~ Stu/ge l

- — 
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APPENDIX C:

SELECTION CRITERIA -- ALTERNATIVE B

Chapter 2 of this report docLanented the energy load (market) that
exists for the energy available from solid waste generated by the civil-
ian community and Federal facilities.

The purpose of this appendix is to outl i ne (1) the criteria for the
site of an Al ternative B resource-recovery facility and (2) the criteria
by wh i ch Federal facilities were selected to participate In Al ternative
8.

In an attempt to encourage a favorable SIR by reduc i ng waste trans-
portation costs, the site of Al ternative B resource-recovery facility
(including solid waste shreddi ng equi pment) was proposed at the geo-
graphic center of the waste generation of the Federal facilities In the
Charleston SMSA. This site was very near the Naval Shipyard Complex --
the center of the energy l oad for Al ternative B. Table Cl shows the es-
timated impact on transportation requi rements, in ton-miles/year , if the
Naval Shipyard Complex were the central waste receptor point , as opposed
to the present practice of delivering Federal facility waste to CCSF. A
resource-recovery facility at the Naval Shipyard Complex woul d cause an
increase in transp o rtation requi rements of 65 percent for the VA Hospi-
tal , Coas t Guar d , and General Services Administration , both in terms of
dol l ars and truck fuel . A review of Tabl e Cl shows that these installa-
tions have very littl e (less than 7 percent) impact on the estimated
energy available to the Federal waste stream. For tnese two reasons, no
further consideration was given to their participation in a resource-re-
covery system. The VA Hospital , Coast Guard , and General Services Ad-
mini stration would continue their present practice of disposing of solid
waste at CCSF .

The Federal facilities selected to participate in Al ternative B
were : the Charlesto n Naval Compl ex , Charleston Ai r Force Base, Naval
Weapons Station and Missile Facility , Naval Medical Center, and the
Charleston Army Depot.

In Al ternatives C and D, all waste generated by Federal facilities ,
except the Naval Weapons Station, is taken to CCSF for processing . The
Naval Weapons Station does not use CCSF facilities for two reasons:

1. In Al ternative C, the haul distance to CCSF woul d be signifi-
cantly increased compared to the distance to the l andfill at Monk’s
Corner , the station ’s present disposal facility . More important , the
quanti ty of ROF required by Al ternative C is readily available from the
CCSF.
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2. In Al ternative D, the amount of steam from CCSF RDF i s
essentially equal to the average amount of steam requi red for three
quarters of the year (Table B3, Table C2) .

_ _  
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Table Cl

Present and Potential MSW Transportation
Requirements in Ton-Miles Per Year

Ton-Miles per year
Present Shipya rd ‘

~~~ Percent
Installation Disposal Point Comp lex Change* Reduction

Naval Sh ipyard Complex 83400 5960 77440 1 300
and Family Housing

Charleston Air Force Base 66400 48260 18140 37

Naval Weapons Station and 56800 60840 -4040
Missile Facility

VA Hospital 1660 4990 -3330 -67

Naval Regional Medical Center 4680 780 3900 500

Charleston Army Depot 5400 3600 1800 50
Coast Gua rd 640 2560 -1920 -75

General Services Administ ration 580 2030 -1450 -72

*The negative sign indicates an increase in transportation requirement.
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Tab le C?

Percentages of Steam Load Satisfied by
Al ternatives B through II

Given :

a. Steam load of Building 32 (Table Dl) - 1114.6 x io6
lb steam/yr

h. Steam produced by Alternative B (Table 81) - 179.2 x 106

lb steam/yr

c .  Steam produced by Alternative C ( T a b l e  82) a 455~3 X 106
lb steam/yr

d. Ste,im produced by Altern ative 0 (Table 83) • 565.3 x io6
lb steam/yr - 

-
~

Percent
Al ternati Ve Lo~d S~ t i s t i e d

B - 179.2 x 100 16.1
11T4. 6

C~~~455.5 x 100 40,9
1115-4 .6

0~~ 565.3 x lOO SO.7
1T14:6
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APPEND i X D:

POTENTIAL 0&M CREDITS TO THE
BU iLDiNG 32 HEAT DISTRIBUTION SYSTEM

The Building 32 heat distribution system is the existing coal -fi red
steam plant. The annual DAM costs for operating this pl ant at 1114.6 x
jQ

b lb steam/year are $1 ,073,600 (FY77 dollars). It Is assumed that
DAM costs are directl y related to steam production. The resource-recov-
ery systems of Al ternatives B , C, and 0 w Il l effect up to a 50 percent
decrease in the steam load requi red of the Building 32 heat distribution
system. The resul ti ng savings in OAM costs will be from $236,000/year
to $746,000/year, depending on the al ternative selected for impl e-
mentation. The computations for 0&M credits of Al ternatives B through 0
are shown In Table Dl.
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Table Dl

DAM of Bui l ding 32 BoIlers
Under Al ternatives A through 0

~j~ernat1ve _P~ (Present Practice)

Plant Operations , for 1114.6 x 106 lb steam/yr* - $514,300/yr’

Plant Mai ntenance , for 1114.6 x 106 lb steam/yr* $481,600J~yr+$995,~O0 for FY76

Escalated to FY17:
$995,900 x 1.018 - $1 ,0/3,600/yr

Escalated to FY82:
$1 ,073,600 x 1.3/ - $1 ,4/1 ,000/y r

Al terna~jy~_~ (Federal Fac ilities Only)

FY82 reduction in 0&M cost to BuIlding 32 boIlers:

179.2 x 106 lb steam/lr (Al ternative B) x $1,471 ,000 - $236,000/yr.
1114.6 x fl’~6Tb steam7yr T~ufl cI1nq ~�T

*The average hourly steam production is 129,000 lb/hour .
129 x 103 x 24 hour/day x 30 days/year - 1114.6 x 106 lb steam/year

~ Letter to Commander Naval Facilities Engineering Command
from Commander Charleston Naval Shipyard , Subject: Submittal
of Secondary Economic Anal ysis. pg 545, 21 December 1976, pg 3;
These figures were carefully checked to avoid double counting .
The figures do NOT Inc l ude the cost of fuel.

Al ternative C (Level I)

FY82 reduction In DAM cost of Building 32 boIlers:

455.5 x 106 lb steam/yr x 1 ,471 ,000 $bOl ,100/yr
l1t4~6

Al ternative D (Level II)

FY82 reduction In OIM cost of Building 32 boilers:

565.3 x 106 lb steam/yr x $1 ,471 ,000 - $/ 46 ,100/yr
[[[4.6

67 9

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



APPENDIX E :

POTENTIAL ANNUAL INCOM E TO CHARLESTON
COUNTY -- SENSITIV ITY OF ECONOMICS TO RDF COST

The purpose of this appendix is to establish a basis for estimating
the cost of the RDF to be used In the economic analysis of Al ternatives
C and D. These al ternatives are the ones which i nterface wi th the exis-
ting CCSF. CCSF is  defi ned as a resource-recovery facility because fer-
rous metal s are separated from the RDF after shredding .

In order to simplify the analysis , it was assumed that the dump fee
presently charged Federal facilities woul d remain constant , except for
inflation; the dump fee for the ashes was assumed to be zero (more cor-
rectly, it will be built i nto the cost of the ROF).

The first step was to complete economic analysis of Al ternati ve D,
using $0.00/ton for RDF. The SIR was found to be 2.06. Assuming an SIR
of 1.00, the economic analyses were recomputed solving for the cost/ton
of RDF. The cost was found to be $15.31/ton. The data were plotted on
a graph , Figure El. Using a cost of $3.00/ton, the SIR was graphically
determined to be 1.86. The $3.00/ton (FY82 dollars) is $1.86/ton (FY77
dollars). This is equival ent to one third the present dump fee of $5.58
(FY77 dollars).

The next step was to prepare Table El to determine whether the cost
of RDF at one third the present dump fee woul d be attractive to Char-
leston County. Note that 1977 dollars are used in Table El. The income
to the county increases by $161,500/year (FY77 dollars) under this al-
ternative. (Other benefits to the county, not quanti fied here, are In-
dicated in Table El.)

I
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Tabl e El
Annual Income to Char l eston County

Waste Di sposal System from
Al ternatives A through 0

In 1977 Doll ars

Tons/Yr RDF

Tons/Yr Dump ROF Unit
Al ternative Solid Waste Fee Sold Price

A 25600 x $5.58 + 0 $142 ,800

B 11400 x $5.58 + 0 $ 63,600

C 25600 x $5.58 + 69860 x $1.86 $272,800

D 25600 x $5.58 + 86800 x $1.86 = $304,300

Note: The price of RDF is assumed to be one third the cost of the
present dump fee, or $1.86/ton. Using the $1.86/ton assumed unit price
for RDF under Al ternative 0, the county real i zes an Increased i ncome of
$161,500 -in 197 1 dollars. This seems to be an economic incentive to
Charleston County since there shoul d be no additional capi tal investment
needed to del iver RDF to Navy. This is not the only advantage to the county .
The cost of handling RDF to and RDF ash from the Charleston Naval Shipyard
Complex will be less than hauling to the new landfill which must be estab-
lished prior to the Implementation of any resource-recovery project. The
round trip mileage from CCSF to the Complex is 15 miles ; the round tri p
from the CCSF to the future landfill is estimated at 40 miles . Landfill
space will also be conserved . Land savings could be as high as 5 acres!
year. These presently unquantifiable benefits should be conside red (if
Al terna ti ve C or D is selec ted ) at the time the sale pri ce of RDF i s
negotiated wi th the county .
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