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CONCRETE DISPOSITION OPTIONS
AT ROCKY FLATS

RFCA Principals Meeting
August 14, 1998

Introduce yourself and move into the Issue shde
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Concrete Disposition Options
Issue
* Massive Volume of Concrete
*  Wide Range of Disposition Options

¢ Need Decision on Options and Approach

o Closure of Rocky under RFCA will generate significant amounts of concrete

o Many options and technical approaches available to generate and dispose of concrete

Selecting an option 1s key to the overall D&D Baseline which drives schedules and budgets

=]

o Decision helps shape the physical character of the Industrial Use Interim End State

=}

A timely decision 1s critical to meeting RFCA closure requirements

Q

Our purpose 1s
- provide an overview of the options available and their impacts
(common understanding)
- inttrating a meaningful dialog focused on making this critical decision
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position Options

Concrete in the D&D Process

r
+ Suttable Backiill Matenial / _‘: >

s Bulk Shippng

o Current Estimates = 100,000 cm3 = structural concrete in 100+ buildings
- many forms
PU bldgs = massive slabs
Process Bldgs = some massive slabs, thin slabs, and cinder block
Support Bldgs = thin slabs and cinder block
- total volume = solid block the length and width of football field over 80 feet high
- 70% above grade - 30% below grade (basements, tunnels, vaults, pits, foundations)
o Generic process outhning three primary steps involved i dispositioning Rocky’s concrete
- Step One = Decontaminate
- Remove Low Level Waste
- Package 1n Containers (1 ¢ ,Boxes)
- Ship to Approved LL Site (1 e, NTS)
- Step Two = Demolish
- Create nert demolition debris
- Bulk Shipping (1 e , 40 YD Trucks)
- Ship to Approved Inert Material Disposal Site (1¢, Ere)
- Step Three = Restore Site
- Backfill voids created by demohition (size of void = football field 90 feet deep)
- Bulk Shipping (1 ¢, 10 Yd Trucks w/pups)
- Inert Material from approved source
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Smart C&D - All Off Site 7/28/97

Description
Combune characterization with decontamination, Demolish and remove entire structure, Low level waste to
NTS, Demolition debris to off-site landfill (Erie)

Structural Concrete on Site
196,000 MT Sanitary
33,000 MT Low Level

Low Level Waste Sanitary Waste
Remove bulk contamination Demolish and remove entire
11,550 MT - $159M structure (above and below grade)
Decon Concrete entire cost = S46M
structure to off-site free
release 7,150 MT - $39 3M
Transportation

Dispose of 16,325 CM Low 1,033 trips Low Level Dispose of 210,300 MT
Level Waste at NTS 1,550,000 mules demohition debris at off-site
cost $7 5M 11,555 trips sanitary sanitary landfill (Erie)

920,000 miles cost $7.8M

10,522 trips backfill Fill voids to grade with suitable

420,000 mles fill materiat 121,000 CM

cost =31 2M
23,110 Total trips
2,900,000 miles

Estimated costs

Low level waste $15 9 (bulk) + $39 3M (scabble) + $7 5M (disposal) = $63 7™M
Sanitary waste $46M (demo) + $7 8M (disposal) + $1 2M (backfill) = $55M
Total = $117 7TM

Assumptions/Issues for discussion

Key

I Combining characterization with decontamination would eliminated 2/3 of surface decontamination
Standard

1 30% of structure 1s located below grade

2 Total area to decon 1s 3 92M s ft (2 74M above grade, 1 18M below grade) @ $30/s ft

3 Release imit and criteria have been established for free release of concrete to public landfill
4 1,770,000 s ft of structure to be demolished ($20/s ft above grade, $40/s ft above grade)

5 30% of floor space associated with basements (8 ft wall), yields 121,000 CM void

6 NTS disposal costs = $460/CM ($300 disposal, $160 transportation)

7 Sanitary waste disposal costs = $84/CM ($40 disposal, $44 transportation)

8 Backfill for building voids purchased from vendor @ $10/CM

9 Transportation volumes LL 15 8 CM/trip, Sanitary 18 2 MT/trip, Backfill 11 5 CM/trip

10 Transportation distance (miles -round trtp) NTS 1,500, Erie 80, Backfill source 20
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Assemprions.

) SeABRLLE Repoced To Y3 Base

2) Remove Soud (ouramusros Pucd T SeABRLAIE
Ll _GeneraTion:
SouD = 11550 MT = 3 159 m

SCABRBLE = 2{H50mr -3= 1150 mvr o ?S5500/mr < 339.3Mm
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1” Decon - Basements Remain 7/28/97

Description
Decon buildings, Demolish and remove above grade structures only, Below grade structures remain in

place

Structural Concrete on Site

196,000 MT Sanitary

33,000 MT Low Level
Low Level Waste Sanitary Waste
Remove bulk contamination Demolish and remove entire
11,204 MT - $15 4M structure (above and below grade)
Decon Concrete above grade cost = $24 SM
to off-site release, below grade
to on-site release
20,807 MT - $114 5M

Transportation

Dispose of 27,946 CM Low 1,769 trips Low Level Dispose of 137,200 MT
Level Waste at NTS 2,650,000 muiles demolition debnis at off-site
cost $12 9M 7,538 trips sanitary sanitary [andfill (Ene)

600,000 miles cost $5.1M

8,260 trips backfill Fill voids to grade with suitable

330,000 miles fill material 95,000 CM

cost =$1M
17,567 Total trips
3,600,000 miles

Estimated costs

Low level waste $15 4 (bulk) + $114 5M (scabble) + $12 9IM (disposal) = $142 8M
Sanitary waste $24 8M (demo) + $5 1M (disposal) + $1M (backfill) = $30 M
Total = $173 TM

Assumptions/Issues for discussion

Key

1 Release limit and criteria have been established for on-site release of concrete

2 The on-site release criteria would result in 10% less material being removed compared to free release
Standard

Removing 1” of all interior surfaces gans free release of remaining structure

30% of structure 1s located below grade

Total area to decon 1s 3 92M s ft (2 74M above grade, 1 18M below grade) @ $30/s ft
Release limit and criteria have been established for free release of concrete to public landfill
1,770,000 s ft of structure to be demolished ($20/s ft above grade, $40/s ft above grade)
30% of floor space associated with basements (8 ft wall), yields 121,000 CM void

NTS disposal costs = $460/CM ($300 disposal, $160 transportation)

Sanitary waste disposal costs = $84/CM ($40 disposal, $44 transportation)

Backfill for building voids purchased from vendor @ $10/CM

10 Transportation volumes LL 15 8 CM/trip, Santtary 18 2 MT/trip, Backfill 11 5 CM/trip

11 Transportation distance (miles -round trip) NTS 1,500, Erie 80, Backfill source 20

O 00~ bW -
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* BASEMELTS STAY - ALL ELSE OFF SOT=E
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. ___ _sSAuraee_Geveratoo _=_ 8 24 .BN___-_ —_—
e 2 Samrare_Dispess = (190 ,000)(.2).7__J31,200 MT.
e _@.33Ymr = 35 . e

f TwRues = 137,200 mMr /182 M mpr T 7538 smips
. _ . BAekere = __ (124,000 em - J(.3)(/9¢,000) __,990)mr__‘§;,°{—51/g,%; #1308 _
. /12looo, cm - 26,000___=__95,000._Cm__ _ _ _
@ *0fem = /M

TROCKS. * 95000am/ 15 emfrap = 8260

Tordc = J"/73,7;” TIPS < 73567




o n ] Allqisea-] Abojouyosy
O [} u aouewIOUad a|npayos
O = O  souejededdy Jopjoydiels
O O | aoueydanoy 196png
a | | uonepodsues|
| n ] KRajes JaxJopA
MO PN YbIH KiobBayen
uosuedwon eal)
KegysBwissoa) yoni], = Gz
SN [EI0L = 000'005'C
sduy jelol = 02Z'L)
10D B0l = INZ6$

urewdy s)udwasey - (9D Mews
[ SNSIFO/M JuIWIsEy

ltd SySPO/M
swaseg

S3jIN 000°'059
sduj 880's NOILI'TONdAd
1NoLZ'LvL

(4

¢

12

SOliN 000'0€E
sdu} 0gL's
WD 005'€6

ALIS TJOLSTH

Ss9|IN 000°005'L
sdul Z00'}
WD 9£8'Gl




Smart C & D - Basements Remain 7/28/97

Description

Combine characterization with decontamination, Demolish and remove above grade structures only, below

grade structures remain

Low Level Waste

Structural Concrete on Site
196,000 MT Sanitary
33,000 MT Low Level

Remove bulk contamination
11,204 MT - $154M

Sanitary Waste

Demolish and remove entire

structure (above and below grade)

Decon Concrete above grade cost = 524.8M
to off-site release, below grade
to on-site release 6,936 MT -
$38.1M
Transportation
Dispose of 15,836 CM Low 1,002 trips Low Level Dispose of 147,210 MT

Level Waste at NTS
cost $7.3M

1,500,000 muiles
8,088 trips sanitary
650,000 miles

demolition debris at off-site
sanitary landfill (Ere)
cost $5 5sM

Estimated costs

8,130 trips backfill

Fill voids to grade with suitable

330,000 miles fill material 93,500 CM
cost =S 9IM

17,220 Total trips

2,500,000 miles

Low level waste $15 4 (bulk) + $38 IM (scabble) + $7 3M (disposal) = $60 8M
Sanitary waste $24 8M (demo) + $5 5M (disposal) + $ 9M (backfill) = $31 2M

Total = $92M

Assumptions/Issues for discussion

Key

I Combining characterization with decontamination would elimmated 2/3 of surface decontamination
2 Release limit and criteria have been established for on-site release of concrete
3 The on-site release criterta would result in 10% less material being removed compared to free release

Standard

1 30% of structure 1s located below grade
Total area to decon 1s 3 92M s ft (2 74M above grade, 1 18M below grade) @ $30/s ft
Release limit and criteria have been established for free release of concrete to public landfill
1,770,000 s ft of structure to be demolished ($20/s ft above grade, $40/s ft above grade)
30% of floor space associated with basements (8 ft wall), yields 121,000 CM void

Sanitary waste disposal costs = $84/CM ($40 disposal, $44 transportation)

Backfill for building voids purchased from vendor @ $10/CM
Transportation volumes LL 15 8 CM/trip, Sanitary 18 2 MT/trip, Backfill 11 5 CM/trip
0 Transportation distance (miles -round trip) NTS 1,500, Ene 80, Backfill source 20

2
3
4
5
6 NTS disposal costs = $460/CM (3300 disposal, $160 transportation)
7
8
9
1

e W
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1” Decon - Basements with On Site Fill 7/28/97

Description
Decon structures, Demolish above grade structures, Utilize rubble as backfill in basements

Structural Concrete on Site

196,000 MT Sanitary

33,000 MT Low Level
Low Level Waste Sanitary Waste
Remove bulk contamination Demolish and remove entire
10,395 MT - $14 3M structure (above and below grade)
Decon Concrete entire cost = $24 8M
structure to on-site free
release 19,305 MT - $105.8M

Transportation

Dispose 0f 25,928 CM Low 1,641 trips Low Level No Sanitary Disposal
Level Waste at NTS 2,460,000 miles
cost $11 9M 0 trips sanitary

0 miles

3,043 mips backfill Fiil voids to grade with suitable

120,000 miles fill matenal 35,000 CM

cost=$ 4M
4,684 Total trips
2,600,000miles

Estimated costs

Low level waste $14 3 (bulk) + $105 8M (scabble) + $11 9M (disposal) = $132M
Sanitary waste $24 8M (demo) + $0 (disposal) + $ 4M (backfill) = $25 2M
Total = $157 Z2M

Assumptions/Issues for discussion
Key

1 Release limit and criteria have been established for on-site release of concrete
2 The on-site release criteria would result in 10% less material being removed compared to free release
Standard

1 Removing <1” of all interior surfaces gains on-site release of remaining structure

30% of structure 1s located below grade

Total area to decon is 3 92M s ft (2 74M above grade, 1 18M below grade) @ $30/s ft
1,770,000 s ft of structure to be demolished ($20/s ft above grade, $40/s ft above grade)
30% of floor space associated with basements (8 ft wall), yields 121,000 CM voud

NTS disposal costs = $460/CM (8300 drsposal, $160 transportation)

Backfill for building voids purchased from vendor @ $10/CM
Transportation volumes LL 15 8 CM/trip, Sanitary 18 2 MT/trip, Backfill 11 5 CM/trip
Transportation distance (miles -round trip) NTS 1,500, Erie 80, Backfill source 20

O 00N b LN
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Smart C & D - Basements with On Site Fill 7/28/97

Description

Combine characterization with decontamination, Demolish above grade structures, Utilize rubble as

backfill in basements

Low Level Waste

Structural Concrete on Site
196,000 MT Sanitary
33,000 MT Low Level

Remove bulk contamination
10,395 MT - $14 3M
Decon Concrete entire
structure to on-site free
release 6435 MT - $35 4M

Sanitary Waste

Demolish and remove entire
structure (above and below grade)
cost = $24 8M

Transportation
Dispose of 14,692 CM Low 930 trips Low Level No Sanitary Disposal
Level Waste at NTS 1,400,000 miles
cost 36 8M 0 trips sanitary
0 miles
2,565 trips backfill Fill voids to grade with suitable

Estimated costs

100,000 miles

fill matenal 29,500 CM
cost =3 3M

3,495 Total trips
1,500,000 miles

Low level waste $14 3 (bulk) + $35 4M (scabble) + $6 8M (disposal) = $56 SM

Sanitary waste $24 8M (demo) + $0 (disposal) + $ 3M (backfill) = $25 IM

Total = $81 6M

Assumptlons/lssués for discussion

Key

I Combining characterization with decontamination would eliminated 2/3 of surface decontamination
2 Release limit and criteria have been established for on-site release of concrete
3 The on-site release criteria would result in 10% less material being removed compared to free release

Standard:

OB B RNV s S

30% of structure 1s located below grade
Total area to decon 1s 3 92M s ft (2 74M above grade, | 18M below grade) @ $30/s ft
1,770,000 s ft of structure to be demolished ($20/s ft above grade, $40/s ft above grade)
30% of floor space associated with basements (8 ft wall), yields 121,000 CM void

NTS disposal costs = $460/CM ($300 disposal, $160 transportation)

Backfill for building voids purchased from vendor @ $10/CM
Transportation volumes LL 15 8 CM/trip, Sanitary 18 2 MT/trip, Backfill 11 5 CM/trip
Transportation distance (miles -round trip) NTS 1,500, Ene 80, Backfill source 20
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Crush and Separate - 7/28/97

Description
Demolish entire structure as low level waste, process waste through crushing system employing
separations, utilize clean processed material as backfill

Structural Concrete on Site

196,000 MT Sanitary

33,000 MT Low Level
Low Level Waste Sanitary Waste
Remove bulk contamination Demolish and remove entire
11,550 MT - $15 9M structure (above and below grade)
Decon by crushing concrete cost =$92
and segregating 21,450 MT
cost = $30M

Transportation

Dispose of 1,823 trips Low Level No sanitary waste
28,809 CM Low Level Waste 2,730,000 miles
at NTS 0 trips sanitary
cost $13 3M

3,174 trips backfill Fill voids to grade with sutable

130,000 miles fill matenal 36,500CM

cost =3 4M
4,997 Total trips
2,900,000 miles

Estimated costs

Low level waste $15 9 (bulk) + $30M (crush/separate) + $13 3M (disposal) = $59 2M
Sanitary waste $92M (demo) + $0 (disposal) + § 4M (backfill) = $92 4M
Total = $151 6M

Assumptions/Issues for discussion

Key

1 A contaminated concrete recycling system has not been developed An [CF-Kaiser VE study (7/97)
determined that the system was feasible for the Mound Site (total cost, including 5 yr operations $8 5M)
but did not analyze the system in detail for Pu separations The $30M assumed cost was used to account
for the extra sensors/longer scan time for Pu

2 Reduced characterization and elimination of release survey costs not considered

3 Demolition costs doubled over baseline to account for low level waste

Standard

1 35% low level contaminated concrete removed in bulk form (1e saw cut) prior to scabbling
1,770,000 s ft of structure to be demolished ($20/s ft above grade, $40/s ft above grade)

30% of floor space associated with basements (8 ft wall), yielding 121,000 CM void

NTS disposal costs = $460/CM ($300 disposal, $160 transportation)

Backfill for butlding voids purchased from vendor @ $10/CM

Transportation volumes LL 15 8 CM/trip, Sanitary 18 2 MT/trip, Backfill 11 5 CM/trip
Transportation distance (miles -round trip) NTS 1,500, Erie 80, Backfill source 20
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Crush and Separate Best Case (Smart C & D)- 7/28/97

Description
Demolish entire structure as low level waste, process waste through crushing system employing
separations, utilize clean processed material as backfill

Structural Concrete on Site

196,000 MT Sanitary

33,000 MT Low Level
Low Level Waste Sanitary Waste
Remove bulk contamination Demolish and remove entire
10,395 MT - $14 3M structure (above and below grade)
Decon by crushing concrete cost = $92
and segregating 6,435 MT
cost = $30M

Transportation

Dispose of 930 trips Low Level No sanitary waste
14,693 CM Low Level Waste 1,400,000 miles
at NTS 0 trips sanitary
cost $6 8M

2,565 trips backfill Fill voids to grade with suitable

100,000 miles fill matenal 29,500 CM

cost = $ 3M
3,495 Total trips
1,500,000 miles

Estimated costs

Low level waste $14 3 (bulk) + $30M (crush/separate) + $6 8M (disposal) = $51 1M
Sanitary waste $92M (demo) + $0 (disposal) + $ 3M (backfill) = $92 3M

Total = $143 3M

Assumptions/Issues for discussion

Key

1 A contaminated concrete recycling system has not been developed An ICF-Kaiser VE study (7/97)
determined that the system was feasible for the Mound Site (total cost, including 5 yr operations $8 5M)
but did not analyze the system 1n detail for Pu separations The $30M assumed cost was used to account
for the extra sensors/longer scan time for Pu

2 Reduced charactenization and elimination of release survey costs not considered

3 Demolition costs doubled over baseline to account for low level waste

4 Combining characterization with decontamination would eliminated 2/3 of surface decontamination
5 Release limit and criteria have been established for on-site release of concrete

6 The on-site release criteria would result 1n 10% less material being removed compared to free release
Standard

1 35% low level contaminated concrete removed 1n bulk form (1€ saw cut) prior to scabbling
1,770,000 s ft of structure to be demolished ($20/s ft above grade, $40/s ft above grade)

30% of floor space associated with basements (8 ft wall), yielding 121,000 CM void

NTS disposal costs = $460/CM ($300 disposal, $160 transportation)

Backfill for building voids purchased from vendor @ $10/CM

Transportation volumes LL 15 8 CM/trip, Sanitary 18 2 MT/trip, Backfill 11 5 CM/trip
Transportation distance (miles -round trip) NTS 1,500, Erie 80, Backfill source 20
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Scope:

Advantages:

CONCRETE CRUSHING - RECYCLING OPTION

Process concrete demolition debris on-site into a usable aggregate type product

The main advantage to recycling in general 1s the reduction of waste and
preservation of natural resources Potential cost savings can be achieved through
recycling concrete at Rocky Flats by 1) elimination of concrete disposal costs, 2)
reduced need for purchasing similar material needed for site closure (backfill
material, cap material) 3) reduced transportation costs and associated safety
hazards, and 4) recover scrap steel for recycling Another significant advantage to
on-site recycling is the avoidance of establishing and obtaining an off-site free
release determination for the concrete

Concrete recyclhing estimate:

Note

Crushing costs are dependent on several factors The three main vanables are
material input size, aggregate output size, and rebar quantity Two cost estimates
were obtained, best case and worst case Best case 1s for a standard reinforced
“chunk”, 18-24” size, with no protruding rebar (approx $4/ton) Typical
demolition rubble consists of much larger s1zed debris containing miscellaneous
attached reinforcements and protruding rebar This adds approximately $1/ton
cost for “pre-sizing” the matenal (burning off steel/rebar, downsizing rubble with
crushing attachment) Therefore, for option analysis, a $5/ton ($5.50/MT) cost
was used This will produce, 1n a single pass, an approximate 2 %" - 3” minus
(non-spec) material For an additional $0 75/ton, the material can be screened to
provide specific sized aggregate

Crushing cost estimates were obtained from Mr Rick Givin, Project
Manager/Estimator, Recycled Materials Company, Inc , Arvada Colorado,
(303)431-3701 The costs provided are rough industry estimates to be used for
option analysis only The estimates quoted do not reflect mobilization to the
Rocky Flats site or any other site-specific requirements

Conversion factors 1 308 cu yd/CM, 2200 1b /MT
Unit weights  Solid concrete = 3900 1b /cu yd =2 31 MT/CM
Gravel = 3000 Ib/cuyd = 1 78 MT/CM

Cost Comparisons.

Scenario #1

Baseline disposal estimate (1” Decon- All off-site)
1 Backfill requirements = 121,000 CM @ $10/CM = $1,210,000

Truck trips to site = 10,500
Total round trip miles = 420,000

EXUE ol



2 Disposal requirements = 196,000 MT @ $37/MT = $7,250,000
Truck trips from site = 10,769
Total round trip miles = 860,000

Baseline total (off-site disposal, purchase fill matenial) = $8.460.000 1,280,000 miles

Concrete recycling
1 196,000 MT @ $5 50/MT = $1,080,000

@ $11/MT = $2,160,000
@ $16 5/MT = $3,230,000
No off-site truck travel

2 196,000 MT gravel = 110,000 CM gravel
No off-site truck travel

Comparison
Crushing the concrete debris produces 110,000 CM gravel, leaving 11,000 CM

backfill material to purchase 11,000 CM @ $10/CM = $110,000
Total trips = 11,000 CM/11 5 CM/trip = 957 trips
Total miles = 40 mules trip x 957 trips = 38,280 mules

Total crushing costs @ $5 SO/MT $1,080,000 + $110,000 = $1,190,000 - 38.280 mules

Net savings @ $5.50/MT =$7,270,000 - 1,242,000 miles avoided
@ $11/MT  =$6,190,000 - 1,242,000 miles avoided
@ $16.5/MT = 85,120,000 - 1,242,000 miles avoided

Scenario #2:

Baseline disposal estimate (Smart C&D — all offsite)

1 Backfill requirements = 121,000 CM @ $10/CM = $1,210,000
Truck trips to site = 10,500
Total round trip miles = 420,000

2 Disposal requirements = 210,300 MT @ $37/MT = $7,780,000
Truck trips from site = 11,555
Total round trip miles = 920,000

Baseline total (off-site disposal, purchase fill material) = $8,990.000 1,340.000 miles

Concrete recyching

1 210,300 MT @ $5 50/MT = $1,160,000
@ $11/MT = $2,310,000
@ $16 5/MT = $3,470,000
No off-site truck travel
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2 210,300 MT gravel = 118,000 CM gravel
Purchase 3,000 CM backfill $30,000 - 261 trips - 10,440 miles

Total crushing costs @ $5 SO/MT $1,160,000 + $30,000 = $1.190,000 - 10,440 mules

Netsavings @ $5.50/MT = $7,800,000 - 1,330,000 miles avoided
@ $11/MT = $6,650,000 - 1,330,000 miles avoided
@ $16.5/MT = $5,490,000 - 1,330,000 miles avoided

Summary:
Using general industry estimates for concrete recycling costs, there 1s a potential
to save roughly $5M to $7M depending on actual on-site costs compared to ‘
industry standard rates, and eliminate over 1,200,000 miles of off-site truck travel
Recycling concrete at Rocky Flats remains an economically feasible option at a
unit rate up to 7 times the standard industry rate of $5 50/MT ($38 50/MT), based
on previous estimated disposal costs




Recycled Materials Company Page 1 of 1

RECYCLED Recycled Matenals Company, Inc
and
MATERIALS ‘ Recycled Materials Consulting, Inc
C O MPANY 6385 W 52nd Avenue

Arvada, Colorado 80001 US A
(303)431-3701

Home On-Site Mobile Recycling

On-Site Mobile

Recyclin
yeling Recycled Matenials Company makes
specification aggregates We can make
g"ba“ Recycling the sized or densely graded aggregates
enters you require right on your project
Technical : 2 -
Assistance/ :;’rl‘xgcg;oblle recyching? There are many benefits to on-site recycling
Consuiting
¢ It saves the cost of hauling rubble off-site
o It saves the cost of importing aggregate
s It reduces local truck traffic and congestion
How much does it cost? Several
factors need to be considered When
analyzing potential project savings,
including haul costs to alternative
disposal sites, the quantity of
aggregate required 1n the project,
aggregate costs and the haul :
distance/cost of required aggregates Tracked Jaw Crusher - Able to
bieak even steel-reinforced
concrete!
For more information, call us at (303)431-3701 We will be happy to
answer your questions
- Back to Top -
[ Home | Urban Recycling Centers | Technical Assistance/Consulting ]
Copr‘\C,T . K\C—K G]\Uhd - EsSTv\MaTOR 9—9’98
http //www recycledmaterialsco com/mobile html 9/9/98
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City of Fort Collins, Colorado

Natural Resources Department @

Construction, Demolition Debris

& Hageman Earth Cycle, located at 3501 E Prospect, accepts clean construction wood waste (scrap

lumber, crates, pallets, shake shingles), 221-7173, located at 3501 E Prospect Road No cement,
sheetrock, carpet remnants, etc Fee charged per cubic yard

& Allhed Recycled Aggregates, Commerce City, 303-289-3366 7901 Highway 285, concrete and
asphalt Used lumber available

& Brothers Redevelopment, Denver, 303-296-8580 Good quality used construction material only, for
reuse

& Construction Endeavors, Colorado Springs, 2255 E Las Vegas, 303-375-0785 Asphalt, concrete,
grass, sod, and wood

@ Construction Recychng Inc, Erie, 3220 Weld County Rd 8, 303-440-8777, 303-828-3410
Demolition debris, pallets, wood waste, trees, branches & stumps, concrete and asphalt

& Habitat for Humamty, 221-1104, Fort Collins

& Oxford Recyching, Englewood, 2400 W Oxford Ave , 303-762-1160 Accepts concrete, asphalt,
wood products and tires

& Recycled Materials Company, Arvada, 5500 Fenton, 303-423-2736 Asphalt and concrete

& Western Mohbile, Boulder, 303-444-6320 Concrete and asphalt

& Western Mobile, Fort Collins, 482-7854 Clean concrete

[Copvnight © 1997 City of Fort Collmil

Visitor No 184 since Friday, October 03, 1997 10 55 54
Last Revised Wednesday, October 15, 1997 16 16 54

' lof I 4b 07/10/98 10 35 0



CONTAMINATED CONCRETE RECYCLING SYSTEM

James O Johnson, P E , CHMM
Project Engineer
Miamisburg Environmental Management Project
1 Mound Road, Miamisburg, OH 45342

Kevin Donovan, CHMM
Environmental Scientist
Miamusburg Environmental Management Project
1 Mound Road, Miamusburg, OH 45342

INTRODUCTION

The Contaminated Concrete Recycling System integrates
existing technologies into a contaminated concrete crushing and
separating system that would

(1) Provide a process to reduce the volume of concrete
waste generated by decontamination, decommissioning,
and demolition activities, and

(2) Yield large quantities of potentially reusable and
recyclable concrete aggregate and steel

This concept was imtially developed in a Feasibihity Study
completed in August of 1996, for the US Department of Energy

(DOE)

The recommendations of the feasibility study included
performing 2 Value Engineening Study to define the components
required and potential benefits of a concrete crushing and separating
system  The Contaminated Concrete Recycling System Value
Engineening (VE) Study was conducted for the DOE on June 23 - 27,
1997 1n Dayton, Ohio

The VE Study focused on two DOE sites, Fernald and Mound,
as the basis for defining requirements and potential benefits of
applying the Contaminated Concrete Recycling System  While
disposal methods vary from site to site, these two sites are generally
representative of concrete and remnforcing steel disposal needs
throughout the DOE complex Currently, the Femald site plans to
dispose of generated wastes in an onsite disposal facility and the
Mound site plans to ship wastes offsite

This paper presents an overview of the combined findings,
conclusions and recommendations of the Feasibility and Value
Engineenng studies

Rod D Warner
Team Leader, Operable Unt 2
Fernald Environmental Management Project
P O Box 538705, Cinncinatti, OH 45253

Scott W Seiler
Program Manager
ICF Kaiser International, Inc
601 Williams Blvd, 2™ Fl, Richland, WA 99352

Problem Statement

There are over 6,000 contammated bwildings within the DOE
complex that require decontamunation, decommissioning, and final
disposition In general, concrete will make up the largest volume
waste stream from these activities The estimated concrete volumes
generated from these buildings will be more than 23,000,000 cubic
meters This includes contamnated and potentially contaminated
concrete with varying levels of reinforcing steel intemally imbedded

As decontammation, decommussioning, and demolition efforts
progress, the DOE wll be faced with disposing of these vast amounts
of contaminated concrete Using current practices, nearly all of ths
volume of concrete will be dealt with as contaminated waste, simply
because unknown quantities of potentially contaminated concrete and
steel remain after decommussiomng due to cracks, expansion joints
and other surface imperfections Disposition of thus matenal as
contaminated waste represents a significant cost and schedule driver
for the DOE cleanup mission

In addition, the commercial nuclear industry has problems of
simular character, both in the United States and world-wide

Proposed Solution
The Contaminated Concrete Recycling System can minimuze the

need for valuable waste disposal space, while yielding large
quantities of potentially reusable concrete aggregate and steel

Waste volume reduction will be accomplished as large chunks of
demolition rubble are crushed into smaller and more consistently
sized aggregate, as steel 15 separated from the aggregate, and then as
contamunated aggregate 1s separated from the ‘clean’ aggregate
Initially, i1t i1s expected that the ‘clean’ aggregate will only be
available for reuse onsite or in the making of disposal containers and
fill matenal, but as capabilities are proven, the potential exists that
venfiably clean aggregate and steel will be available for free release
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Potential Benefit

Since most radioactive contamination on concrete 1s relatively
superficial, the quantities of re-useable and recyclable matenals that
could be separated from the waste stream are substantial A range of
potential was assumed 1n the VE Study at 50% to 90% of the volume
bewng recoverable Even at percentages well below this range, the
potential volume of reduction and reuse across the DOE complex,
would be n the mullions of cubic yards

RESULTS OF STUDIES
Feasibility Study

The feasibility study found that nearly all relevant technologies
and equipment are currently available, and that truly massive
quantities of contaminated concrete must be dispositioned throughout
the nuclear industry As such, 1t was concluded that developing a
Contaminated Concrete Recycling System 1s possible and could save
significant time, money, and natural resources

Value Engineering Study
The Value Engineering team for the Contaminated Concrete

Crushing and Separating System was comprised of a range of industry
experts from the fields of crusher design and operations magnetic
separations, contaminated soil detection and separation systems,
technology and project integration, environmental regulations, sensor
technologies and capabilities, concrete recycling, federal nuclear site
operations, federal nuclear site management, and Value Engineenng
processes

The objectives of the Value Engineering Study were to
(1) Develop an equipment layout for the system, (2) Develop a cost
estimate for the system, and (3) Determine the cost-benefit of using
this system at two DOE sites Fernald and Mound

An overview of the products developed to meet each of these
objectives are outlined below Detailed documentation of the Value
Engineening session 1s available in the full VE study report

Detailed Equipment Layout
The Contamnated Concrete Recycle System consists of two

prunary operations — crushing and separation

ROLL OFF
BIN
l \ MAGNET
CONE
CRUSHER  VERTICAL SHAFT
IMPACT CRUSHER
MAGNLT
\ SCREEN
247.36" [ © 4——":_%"00,,“
CHUNKS @ ey

N o] B—, - WE =
oAtz SURGEBIN

SWITCH
JAW CRUSHER GEAR

© = OPERATOR

Figure 2, Concrete Crushing System

The crushing system 1s compnsed of a staged system that
reduces rubble down to a desired aggregate size, while removing
metal from the concrete aggregate stream The first stage of thus
system uses a jaw crusher that reduces chunks of up to 36 inch
diameters down to 4-6 inch aggregate, and metals are magnetically

.




separated from the aggregate The second stage uses a cone crusher
to reduce the 4-6 inch aggregate down to 1 5 inch munus aggregate,
with a secondary magnetic separation of metals to assure full
separation of concrete and steel If required, a thurd stage 1s used to
reduce the 15 inch munus aggregate down to 05 inch munus
aggregate Ths 1s accomplished with a vertical shaft impactor At
this pownt all of the metallics have been removed, so no additional
magnetics are required

Crushers and magnetic separators have been used in the
construction and mining industries for many years Many vaneties of
portable and stationary crushers are available
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Figure 3, Segmented Gate

Separation of the aggregate 1s accomplished by usmg a
Segmented Gate System (SGS) This operation mnvolves conveying
the s1zed aggregate from the crushing system 1nto a feeder bin at the
head end of the SGS This feeder spreads the aggregate onto a
conveyor at a designated thickness The conveyor then passes the
aggregate under a bank of radiation detection sensors, which can be
adjusted or changed depending on the contaminates The nformation
collected by the sensors 1s then feed by computer link to a gate
system that separates the aggregate according to the contaminant
limits required Conveyors then move the aggregate tnto separate
storage areas

Segmented Gate Systems are currently bemng used for
segregating contammnated soil  Several projects involving
contaminated soil have been completed or are 1n progress

Dust control 15 maintained duning both of these operations
through the use of musting systems and/or air handling and filter
systems If required any separate portion or all of the operation can
be enclosed 1n a greenhouse with negative air flow and filter systems
w place

ACQUISITION COST ESTIMATE
The Value Engineening team developed two rough cost estimates
for the acquusition, installation, and operation of the crushing and the

By

separation systems Concept 1 estimates a crushing system only, for
applications where bulk reduction, handling capabilities, and landfill
compaction are a prionty, such as the Fernald site  Concept 2
estunates a full crushing and separation system for applications
where volume reduction 1s a high priority, such as the Mound site and
potentially the Fernald site

Equipment Total
Purchase | Site Prep Estimated
Costs &Set Up | Operations' Cost
Concept 1 | $1,900,000 | $200,000 | $2,750,000 | $4,850,000
crushmggly)

Concept 2 | $3,900,000 | $250,000 | $4,200,000 | $8,350,000
(crushing and separations)
Figure 4, Concept Costs

These rough estimates were developed as if the system were to
be purchased and used by a single site exclusively over a five year
period Tlus represents the highest potential cost scenario, which
provides a conservative basis for companison agamnst potential
benefits There are a number of options to reduce these costs, (ie,
multiple site uses over a longer time frame, performance contracts
that munumize imutial DOE outlay, applying life cycle costs and
salvage values, etc), but for the purposes of the VE Study, this
hughest potential cost scenario was used

Cost Benefit Analysis - Fernald Site
The estimated volume of contaminated concrete at the Fernald

site 1s 135,000 cubic meters (176,000 cubic yards) The baseline
plan for disposal of thus waste 1s to bury 1t onsite This will requure
placing large chunks of concrete rubble in the Onsite Disposal
Facility (OSDF) landfill, and packing fines around these chunks in
order to mimimize voids and the potential for differential settling n
the future

Based on using the Concept 1 system, crushing the contaminated
concrete rubble down to 1 5 inch minus aggregate (which can then be
mechanically dumped and spread within the landfill), an estumated
cost avordance of nearly $4 per cubic meter ($5 per cubic yard) can
be achueved through bulk reduction and improved handling
charactenistics This equates to a total reduction of approximately
$900,000 1n baseline disposal costs, while significantly improving the
expected long term performance and mtegnty of the disposal facility

Based on using the Concept 2 system, crushing the
contaminated concrete rubble and separating the clean and
contaminated aggregate and steel, a mummum estimated cost
avoirdance of $35 50 per cubic meter (345 per cubic yard) can be
achieved for each cubic meter of matenal that i1s taken out of the
waste stream, which 1n turn reduces the required size of the OSDF
This savings 1s 1 addition to the $4 per cubic meter (35 per cubic
yard) achieved through bulk reduction and mmproved handling
characteristics for each cubic meter of matenal that 1s disposed of 1
the landfill At an assumed rate of 50% separation of ‘clean’
matenial from the waste stream, a total reduction of approximately

's years straight costs no escalation and no interest




$4,400,000 1n baselne OSDF construction and disposal costs could
be reahized

A more optimustic calculation using the Concept 2 System the
upper range of potential savings 1n OSDF construction costs (1e,
$53 50 per cubic meter or $70 per cubic yard), and a 90% separation
of ‘clean’ material produces a potential savings of $11,200,000

The conclusion drawn for the Fernald site 1s that to gain the
landfill performance, integnity, and size reduction benefits of the
crushing and separating systems, options must be explored to reduce
the cost of acquiring the system by at least 25% Further discussion
by the Value Engineering Team concluded that several viable options
exist to accomphish this and there 1s a hugh probability of gaining the
acquisition cost reductions

Cost Benefit Analysis - Mound Site
The estimated volume of contamunated concrete at the Mound

site, which could be crushed and separated with today’s proven
technologies, 1s 30,000 cubic meters (40,000 cubic yards) An
additional volume of 16,000 cubic meters (20,000 cubic yards) of
concrete contamnated with tntium will be produced The tnitium
contaminated volume could be crushed to gain butk reduction and
disposal as soil  However, the capability to separate these
contamunants 1s not proven Currently sensing technologies for alpha
emutters are still m the development and testing stages

The current baseline plan for disposing of this waste 15 to shup 1t
for bunal offsite  The costs estunated for disposal are $64,000,000 1f
shipped to the Nevada Test Site (NTS) or $46,000,000 1f stupped to
Envirocare  These costs wnclude boxes (NTS only), packaging,
shipping and disposal fees It 1s not expected that all will go to one
location, but for the purposes of cost analysis these rough numbers
are used for comparison to crushing and separating options

The fee for disposal of soils at Envirocare 1s $4 per cubic foot
less than the fee at NTS and $11 per cubic foot less than the fee for
rubble at the same Envirocare location Based on using a Concept 1
crusher system, that produces a soil specification aggregate, a
mud-range estimate for disposal savings of $23,000,000, can be
achieved from bulk reduction and substantially lower disposal fee

Based on using the Concept 2 system, for crushing all of the
Mound site’s projected contaminated concrete waste volume and the
separation system for the non-alpha contaminated volumes will
produce a combined disposal savings of $43,000,000 This 1s based
on the bulk reduction and lower disposal fees gamed through
crushing and an assumed 50% volume reduction gamned through
separation

The conclusion drawn from this analysis was that even at much

more conservative savings rates, both the crushing and separations
systems could save substantial dollars

A

General Conclusion

The Contaminated Concrete Recycle System 1s fully feasible
Existing systems and equipment are commercially available and
operation today For DOE or industry sites that must ship
contaminated concrete rubble to offsite locations, the application of
thus system could produce sigmficant cost savings  For DOE or
industry sites that wall be disposing of contammated concrete rubble
in onsite disposal facilities, the application of this system could
provide improved handling charactenstics and sigmficantly
improving the expected long term performance and ntegnty of the
disposal facility, at costs sumilar or shightly less than those projected

Even with the conservative nature of the cost assumptions used
in the VE Study, the potential cost savings and performance benefits
to be gamed by the government through the application of the
Contaminated Concrete Recycling System are substantial As such, 1t
18 recommended that either a prototype or full-scale project be
developed and applied at a DOE site that will be generating
contaminated concrete rubble
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VOLUME ASSUMPTIONS
Conversion Factors
Metric ton (MT) = 2200 Ib
Cubic meter (CM) = 1308 cu yd

Unit Weight

Form of Concrete Weight of 1 Cubic Yard
Solid, in place concrete 3900 Ib
Concrete debris 3000 Ib

Quantity Estimates (Data from Case 5-A waste volume matrix)

Functional Area Total Samitary Quantity used in ~ Total Low Level Quantity used 1n
Debris (MT) estimate (MT) Debris (MT) estimate (MT)

Type 3 114,352 114,352 22,321 22,321

Other Production 55,114 27,557 (50%) 10,758 5,379 (50%)

Rest of Site 108,518 54,259 (50%) 10,591 5,296 (50%)

TOTAL 196,168 32,996

Sanitary volume
Solid volume 196,168 MT, at 3900 Ib /yd, yields 110,658 cu yd, or 84,601 CM
Bulking factor Estimate 30% growth in rubble yields 109,981 CM

Low Level volume
Solid volume 32,996 MT, at 3900 Ib /yd, yields 18,613 cu yd, or 14,230 CM
Bulking factor Estimate IMT yields 873CM packaged waste yields 28,805 CM
ASSUMPTIONS

1 The primary construction material contained in Type 3 facilities 1s concrete, therefor 100% of
the associated waste volume was included in the estimate

2 The non-Type 3 facilities contain approximately 50% concrete by volume

3 It 1s estimated that approximately 30% of the structural concrete s located at or below grade
level
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Concrete Disposition Options

Basis / Assumptions

229,000 Metric Tons OR 100,000 Cubic Meters
(Gross Weight) (Sohd Volume)

70% Above Grade --- 30% Below Grade

Total of 33,000 Metric Tons Low Level Waste
- 11,550 Metric Tons LLW Removed as Solid Mass
- 21,450 Metric Tons LLW Removed by Surface Decon

Demohtion Cost Below Grade = 2x Above Grade

o Metnic Tons to Cubic Meters 2,200 Ibs / Metric Ton

o Bulking Factors

1 308 yds / Cubic Meter
3,900 lbs / Cubic Yard

Package Volume

o Disposal Costs NTS = $550 / Cubic Meter

($300 tipping + $250 transportation)

Erie = $37 / Metric Ton
($17 6 tipping + $19 2 transportation)

Solid to Rubble = 1 3 (Increased Void Space)
LL Packaging = 0 875 Metric Ton = 1 Cubic Meter




Concrete Disposition Options

Interim End State Options

o Issue = Must leave a site that allows the Industrial Use Scenario
o First Option = Remove a structural concrete and backfill w/ Off Site Material
o Second Option = Leave ‘decon’d’ basements and backfill w/ Off Site Material

o Third Option = Leave ‘decon’d’ basements and backfill w/ Decon’d On Site Material




Concrete Disposiion Options
Technical Approaches

Total Removal
-

o * All Low Level Waste
“ * 1” Decontamination
o Smart Characterization & Decontamination

Basements w/Off Site Fill
T * 1” Decontamination
o Smart Characterization & Decontamination

Basements w/ On Site Fall

¢ 1” Decontamination

e Smart Characterization & Decontamination
e Crush and Separate Concrete Rubble

o Each End State Options has a number of Technical Approaches (up to 50+ Combinations)

=}

Presenting bounding approaches (all LL --- Crush and Separate) and a number of feasible
approaches within the bounding range

o Technical Approaches can be used within one or more End State Options 1n most cases

<

Purpose 1s to provide knowledge on HOW we technically can accomplish Interim End States

o Focus 1s to create meaningful discussion on WHAT the Interim End State will be




Concrete Disposition Options

Evaluation Criteria

o Safety (Environmental and Worker Safety)

Budget Impact

Stakeholder Acceptance (Interim End State Comphance)

Schedule Performance

Techmcal Feasibihity
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Concrete Disposition Options

Relative Comparison

TOTAL REMOVAL
ALL MATERIAL DISPOSED OFF SITE
DEMOLITION \OIDS FILLED WITH

OFF-SITE FILL MATERIAL

BASEMENTS W/ OFF SITE
FILL

ABO\E GRADE RUBBLE

REMOVED BASEMENTS REMAIN

& FILLED WITH OFF-SITE FuLL

MATERIAL

BASEMENTS W/ ON SITE FILL

ABON E GRADE RUBBLE DISPOSED IN
BASEMENTS AND REMANDNG VOIDS

" Decen O | SmartCAD On| L Dow Swwart CAD T Decon | Sward CAD Crasiag
FACTOR | Allewieen | ‘08 o0 ‘e Disporsd Basements Dassavents [ Robble s °“" .“"

Worker Safety H L M L M L M H
Transportation xL L M M M H H H
(Total Trips) @174 @11 @3 110) (17567 (17 220) 684) G 495) 99N
(Touad Miles) 1 (19 400000) | (4 000 000) (2,900 000) (3 600 000) (2,500 000) | (2,600000) | (1 500 00C) (2.900 000)
. _33) 33) {33] {25) 28] i L] A1
A v L L H M H M H M

ce $1852M $201 3M SIT™ SIM™M $NM stsr oM $81 6M $1516M
Stakeholder
Acceptance H H H M M L L M
Schedule
Performance H L M L H M H H
Techmcal
Feastbility M H M H M H M L

High (H) = Most desirable 1a range
Low (L) = Least desirable in range

o Relative Comparison High = Best among Range --- Low = Worst among Range

o Safety = All Options and Approaches can be ‘reasonably’ accomplished,

BUT! there 1s a wide range (worker hours / # of trucks) between options

(D1scuss #’s)

o Cost= Roughly $100M to $200M = Concrete costs Only!!'

o Technologies range from ‘Do Nothing’ (all Low Level) to ¢ New Approaches’ (crush and

separate)
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Concrete Disposition Options
Next Steps
¢ Continue Discussions and Analysis

¢ Identify Preferred Option and Approach

* Decision required by
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All Low Level - 7/28/97

Description
Demolish and remove entire structure, assume entire structure 1s Low Level waste

Structural Concrete on Site
196,000 MT Sanitary
33,000 MT Low Level
Low Level Waste Sanitary Waste
No decontamination Demolish and remove entire
structure (above and below grade)
cost = $92
Transportation
Dispose of 12,652 trips Low Level No sanitary waste, assume all
199,900 CM Low Level Waste 18,980,000 miles matenal 1s low level
at NTS 0 trnips sanitary
cost $92M
10,522 trips backfill Fill vouds to grade with suitable
420,000 miles fill material 121,000 CM
cost=S12M
23,174 Total trips
19,400,000 miles

Estimated costs

Low level waste $0 (generate) + $92M (disposal) = $92M
Sanitary waste $92M (demo) + $0 (disposal) + $1 2M (backfill) = $93 2M
Total = $185 2M

Assumptions/Issues for discussion

Key

1 Reduced characterization and elimination of release survey costs not considered

2 Demolition costs doubled over baseline to account for low level waste

Standard

1 35% low level contaminated concrete removed 1n bulk form (1e saw cut) prior to scabbling
1,770,000 s ft of structure to be demolished ($20/s ft above grade, $40/s ft above grade)
30% of floor space associated with basements (8 ft wall), yielding 121,000 CM void
NTS disposal costs = $460/CM ($300 disposal, $160 transportation)

Backfill for building voids purchased from vendor @ $10/CM

Transportation volumes LL 15 8 CM/trip, Sanitary 18 2 MT/trip, Backfill 11 5 CM/trip
Transportation distance (miles -round trip) NTS 1,500, Erie 80, Backfill source 20

NN AW
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1” Decon - Total Removal (off-site) 7/28/97

Description
Demolish and remove entire structure, Low level waste to NTS, Demolition debris to off-site landfill
(Ere)

Structural Concrete on Site

196,000 MT Sanitary

33,000 MT Low Level
Low Level Waste Sanitary Waste
Remove bulk contamination Demolish and remove entire
11,550 MT - $15 'M structure (above and below grade)
Decon Concrete entire cost = $46M
structure to off-site free
release 21,450 MT - $117 6M

Transportation

Dispose of 28,809 CM Low 1,823 trips Low Level Dispose of 196,000 MT
Level Waste at NTS 2,740,000 miles demolition debns at off-site
cost $13 3M 10,769 trips sanitary samitary landfill (Erie)

860,000 miles cost $7 3M

10,522 trips backfill Fill voids to grade with suitable

Estimated costs

420,000 mules

fill material 121,000 CM
cost = $1 2M

23,114 Total trips
4,000,000 miles

Low level waste $15 9 (bulk) + $117 6M (scabble) + $13 3M (disposal) = $146 8M
Sanitary waste $46M (demo) + $7 3M (disposal) + §1 2M (backfill) = $54 SM

Total = $201 3M

Assumptions/Issues for discussion’
Removing 1” of all interior surfaces gains free release of remaining structure
30% of structure 1s located below grade
Total area to decon 1s 3 92M s ft (2 74M above grade, | 18M below grade) @ $30/s ft
Release limit and criteria have been established for free release of concrete to public landfill
1,770,000 s ft of structure to be demolished ($20/s ft above grade, $40/s ft above grade)
30% of floor space assoclated with basements (8 ft wall), yields 121,000 CM void

NTS disposal costs = $460/CM ($300 disposal, $160 transportation)

Sanitary waste disposal costs = $84/CM ($40 disposal, $44 transportation)

Backfill for butlding voids purchased from vendor @ $10/CM

O Q0 N B W N

10 Transportation volumes LL 15 8 CM/trip, Sanitary 18 2 MT/trip, Backfill 11 5 CM/trip
11 Transportation distance (miles -round trip) NTS 1,500, Erie 80, Backfill source 20




OPTION |\ + Remoue  Soud ComrAmiiuaTiod

c Decon \"' \OTERL _SuRSAceS

AL, DisposeDd oFF -3SiTE

Grer: 196,000 MT__sSa01TaRS
33 COONMTL L.
LL Cever anos:

SearBLe: 3. 92 M £t (%O/&’;) = BH'I.UM
Seun Mass. 11,550 mr (?1375/mr)= %159 a4

L.L._Disposat
33000mr - 873 mr=_ 28 800 cm  Li. (eacescer
28800 cm- 2 460/em = }/,Z._}M
TRUcks = 28 800 Cm /15’.8 tmfrep = /1823 reprs

Savirany Gewerarioy: = % 2LAM gey  * j.ZZ,gMMM, = /‘/l/ﬂ

Shwirapy  Dispesae = |9L,000_MT_ - ( j’3’7/@2[_) = 4 L3 M

TRVeks. = ]9¢,000 mr- [/ 182 M re? = (0, 2T _zrirs

BArErt = 12,000 0o e #i0fem = 22M

TRuers = 12,000 Cm [ /15 CmJrar = JO 522 rairs

Tarac = 32003 M TRLPS =23 114
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